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Clarification on the Multi-BS cooperative transmission
Eunkyung Kim, Jaesun Cha, Jae-Joon Park, Seungkwon Baek, Sungcheol Chang
ETRI

In order to forward to the IEEE-SA Sponsor Ballot, the text (this document focuses on the Multi-BS cooperative transmission) in the draft shall be clarified including editorial correction.
Proposed Text on the Draft of IEEE 802.16q
[Editorial instruction]

· Black text: the text is existing in the draft
· Red text: with strike-through: the texts is removed from the draft
· Blue text without underline: the text is added in the draft without underline

· Blue text with underline: the text is added in the draft and underline shall be added under the added text

[-------------------------------------Start of Text Proposal---------------------------------------------------]
[Remedy: Change 17.3.2 in the draft of IEEE 802.16q as follows:]

17.3.2 Multi-BS cooperative transmission
Multi-BS cooperative transmission(CT) transmission (CT) including Multi-BS diversity and Multi-BS MIMO techniques improves sector throughput and cell-edge throughput through multi-BS cooperative signaling. Multi-BS MIMO includes DL single-BS precoding with multi-BS coordination and DL/UL multi-BS joint processing.

17.3.2.1 DL Multi-BS cooperative transmission 
To ensure proper Multi-BS cooperative transmission(CT) transmission (CT), each BS capable of providing the Multi-BS CT may belong to a certain Multi-BS CT candidate set. Within the cooperative transmission Multi-BS CT candidate set, a set of BS is selected as a cooperative transmission Multi-BS CT set and a common zone is assigned for those BSs operating cooperative transmission, where those BSs may transmit the same data to certain MS(s), as a result of the coordination among BSs. The common zone used by the BSs shall be aligned over the same time-frequency radio resource region.For region. For the Multi-BS CT, the Multi-BS support is indicated in the SBC-REQ/RSP message (see 6.3.2.3.23 and 6.3.2.3.24) exchange. 

For the MS, which is not capable of Multi-BS CT, the MS and BS capable of proving Multi-BS CT perform the following stages: 

· Multi-BS CT Decision: A Multi-BS CT begins with a decision for an MS to receive from multiple BSs at the same time.

· Multi-BS CT Set Selection/Update: An MS may scan the neighbor BS(s) and report the channel mea​surement result to the serving BS as defined in 6.3.16 and 6.3.20.1.2. Based on the threshold(s) from the IM coordinator, the BS includes neighbor BSs as a Multi-BS CT candidate set and reports those BS lists including the relevant information to (re-)select a set of BS to the IM coordinator. Within the CT candidate set, the IM coordinator selects a set of BS as a Multi-BS CT set, and a common zone is assigned for those BSs operating the Multi-BS CT, where those BSs may transmit the same data to certain MS(s), as a result of the coordination among BSs. The common zone used by the BSs shall be aligned over the same time-frequency radio resource region.

· Multi-BS CT Anchor BS Selection/Update: An MS is required to continuously monitor the signal strength of the BSs that are included in the Multi-BS CT set. The MS shall select one BS as a part of HO as defined in 6.3.20 as the serving BS from the Multi-BS CT set and the serving BS is responsi​ble for the Multi-BS CT Anchor BS.

With the Multi-BS CT supported, the MS capable of Multi-BS CT shall perform the following stages:
· Multi-BS CT Decision: A Multi-BS CT begins with a decision for an MS to receive from multiple BSs at the same time. 

· Multi-BS CT Set Selection/Update: An MS may scan the neighbor BS and select BSs that are suit​able to be included in the Multi-BS CT candidate set. The MS shall report the selected BSs to the serving BS and the Multi-BS CT candidate set update procedure shall be performed by the cooperation among BSs. Within the Multi-BS CT candidate set, a set of BS is selected as a Multi-BS CT set and a common zone is assigned for those BSs operating cooperative transmission, where those BSs may transmit the same data to cer​tain MS(s), as a result of the coordination among BSs. The common zone used by the BSs shall be aligned over the same time-frequency radio resource region.

· Multi-BS CT Anchor BS Selection/Update: An MS is required to continuously monitor the signal strength of the BSs that are included in the Multi-BS CT set. The MS shall select one BS from its current Multi-BS CT set to be the anchor BS and reports the selected anchor BS to the serving BS.
For Multi-BS CT, the transmitting antennas simultaneously transmit the same data using the same time-frequency resource, as a result of the coordination among BSs. The total N antennas of Multi-BS CT BSs constitute an antenna pool. The coordinator for the Multi-BS CT shall perform antenna selection/grouping from the antenna pool. The selected antennas are used to transmit data from multi-BS multiple BSs that operates in the Multi-BS CT. When a BS receives the result of the physical channel measurement from an MS, the BS reports the channel measurement results to the coordinator (e.g., interference management network entity). The coordinator, which receives the channel measurement results, may (re-)configure a cooperative transmission the Multi-BS CT. Upon deciding the operation the cooperation transmission the Multi-BS CT, the management interface and procedure to perform the cooperation and to transmit the same data to the same MS cooperatively by multiple BSs shall be supported through the C-SAP/M-SAP via backhaul link.

17.3.2.1.1 Multi-BS CT decision and initiation 
For an MS and a BS that support the Multi-BS CT, the MS and the BS shall maintain a list of BSs that are involved in the Multi-BS CT with the MS. The list is called the Multi-BS candidate set. Among the BSs in the Multi-BS candidate set, a Multi-BS CT anchor BS is defined. When operating in Multi-BS CT, the MS communicates with all BSs in the Multi-BS CT set for DL messages and traffic. 
The MS during the Multi-BS CT monitors only the anchor BS for DL control information and DL broadcast messages. In this case, the DL-MAP and UL-MAP transmitted by the anchor BS may contain the burst allocation information for the non-anchor BS in the Multi-BS CT set. 
A Multi-BS CT begins with a decision for an MS to transmit messages and traffic from multiple BSs at the same time interval. For the Multi-BS CT, two or more BSs provide an MS with synchronized transmission of MS DL data so that the MS may perform the Multi-BS diversity, the single-BS precoding with the multi-BS coordination, or the multi-BS joint processing can be performed by the MS as defined in 17.3.2.1.5, 17.3.2.1.6, and 17.3.2.1.7, respectively. 
The BS supporting the Multi-BS CT shall broadcast the DCD message that includes the CT_Add Threshold and CT_Delete Threshold. These thresholds may be used by an MS to determine if IM_CT-REQ management message (see 6.3.2.3.103) should be sent. To measure the physical channel and manage by the coordinator, a Temp BSID is assigned to each BS in the Multi-BS CT candidate set. When long-term CINR of an BS in the current Multi-BS CT candidate set is less than CT_Delete Threshold, the MS shall send the corresponding Temp BSID in the IM_CT-REQ management message to requires dropping this the corresponding BS from the Multi-BS CT candidate set; when long-term CINR of a neighbor BS is higher than CT_Add Threshold, the MS shall sent an IM_CT-REQ management message to require adding this neighbor BS to the Multi- BS CT candidate set. In addition, the physical channel measurements of BSs in the current Multi-BS candidate set are reported using IM_CT-REQ management message to maintain the Multi-BS candidate set. 
If an MS is not capable of the Multi-BS CT, the MS may measure the physical channel of current serving/anchor BS and its neighbor BS(s) and report the channel measurement result to the BS as defined in 6.3.16 and 6.3.20.1.2. 

When a BS receives the report of the physical channel measurement from the MS, the BS reports the BS lists including channel measurement result to the IM coordinator to (re-)group (add to or delete from) the Multi-BS CT candidate set. The decision to update the Multi-BS CT candidate set may begin with a notification by the MS through the IM_CT-REQ management message or by the BS through the IM_CT-RSP management message (see 6.3.2.3.104) to the MS. The process of anchor BS update may begin with an IM-CT-REQ management message from the MS or an IM-CT-RSP management message from the anchor BS to the MS. In addition, a decision to update is performed in the IM coordinator without any notification by the MS or by the BS. The BSs involving the Multi-BS CT with an MS shall use the same set of CIDs for the connections that are established with the MS. The BS may assign a new set of CIDs to the MS during the Multi-BS CT candidate set update through the IM_CT-REQ management message and IM_CT-RSP management message. The BS may also assign a new set of CID to the MS through DSA procedure. There are several conditions that are required to enable the Multi-BS CT between MS and a group of BSs as follows: 

· The BSs involving in the Multi-BS CT are synchronized based on a common time source.The source. The frames sent by the BSs involving in the Multi-BS CT at a give time arrive at the MS within the pre​fix interval.

· BSs involving in the Multi-BS CT have synchronized frame structure.
· BSs involving in the Multi-BS CT have the same frequency assignment.
· BSs involving in the Multi-BS CT shall use the same set of CIDs for the connections that are estab​lished with the MS.

· The same MAC/PHY PDUs shall be sent by all the BSs involving in the Multi-BS CT to the MS.
17.3.2.1.2 Multi-BS CT set management 
The MS may evaluate the possible list of BSs through the received MOB_NBR-ADV message, and previously performed signal strength measurement, propagation delay measurement, scanning, ranging, and association activity. When a BS receives a SCN-REP or an IM_CT-REQ management message is sent by an MS, the BS may report the possible list of BSs including the measured signal strength to the IM coordinator if the conditions are met as follows: 

· If the BS receives a SCN-REP or an IM_CT-REQ management message from an MS

· If the receive result is different from previous value, which increases or decreases by more than that of the threshold. 

· If the timer expires (in the case of periodic report) 

The IM coordinator decides/updates the Multi-BS CT candidate set based on the report result from the BS. Then, the IM coordinator announces the BSs belong to the Multi-BS CT candidate set. The Multi-BS CT set is a subset of the listed in the Multi-BS CT candidate set. 

When IM_CT-REQ is sent by an MS, the An IM_CT-REQ management message transmitted by an MS to a BS may include a possible list of BSs recommended to be included in the MS’s Multi-BS CT set. When IM_CT-RSP is sent by the An anchor BS or BSs in the MS’s current Multi-BS CT candidate set, the BSs may provide a list of recommended BSs for incorporation into the MS’s Multi-BS CT candidate set through IM_CT-RSP management message. The Multi-BS CT set is a subset of the listed in the Multi-BS CT can​didate set, which is transmitted included in the IM_CT-RSP management message.

17.3.2.1.3 Multi-BS CT Anchor BS management

When the Multi-BS CT begins, current servingBS serving BS is defined as the Multi-BS CT Anchor BS. During the Multi-BS CT operation, the preferred anchor BSs shall be within the current Multi-BS CT set of the MS. The MS may select the preferred anchor BS through the previously performed signal strength measurement. The BS received the result of the signal strength measurement reports it to the IM coordinator (e.g., IM net​work entity). The IM coordinator, which receives the signal strength measurement result, may select a BS as the Multi-BS CT Anchor BS of the MS and transmits the information of the BS to the current Multi-BS CT candidate set.
17.3.2.1.4 STC encoding/decoding for Multi-BS CT

In the Multi-BS CT, STC-encoded signals are transmitted across the transmitting antennas using the same time-frequency resource (refer to 8.4.8 for a list of valid STCs). Figure 17-2 is an example of local STC encoding at BS performing Multi-BS CT, where the STC Encoder is identical to the encoder in Figure 8-90 of 8.4.8.1. The unselected antennas are not used for the transmission, but they may be used for other transmission.
In an STC DL Zone with STC not set to “0b00”, the BS operated in the Multi-BC CT shall perform the STC encoding locally by using the STC Matrix as defined by STC_DL_Zone_IE (or MIMO DL Basic IE or MIMO DL Enhanced IE or HARQ MAP) for its assigned antenna number(s), configured by the IM coordinator. The pilot patterns for each BS’s antenna shall be based on the permutation, the number of antennas as indicated in STC_DL_Zone_IE, and the antenna assignment. The antenna assignment shall be effective until the next configuration from the IM coordinator. 
An MS shall demodulate signal in the same procedure as define in 8.4.8if 8.4.8 if an MS does not receive MIMO_in_Another_BS_IE() or Macro_MIMO_DL_Basic_IE(). The same data are is transmitted from multiple BSs in the same data regionsregion, and then the MS performs the RF or diversity combining. 

An MS shall perform the soft data combining when it receives MIMO_in_Another_BS_IE(). In this case, the same data are transmitted in the same or different data region.
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Figure 17–2 – A logical block example of local STC encoding for Multi-BS CT at BS

17.3.2.1.5 Multi-BS diversity 

A DL zone may be a coordinated zone between the serving BS and its neighbor BSs that have the same zone boundary, the same zone permutation type e.g., PUSC, STC PUSC, AMC, and STC AMC, and the same values for the parameters, Use All SC and Dedicated Pilots, defined by STC DL Zone IE as shown in Table 8-123. In the coordinated zone, an MS receives a data transmission from multiple BSs in the same data regions or different data regions.
17.3.2.1.6 DL single-BS precoding with multi-BS coordination

When DL single-BS precoding with the multi-BS coordination is enabled, interference from adjacent BSs is mitigated by coordinating the precoders applied in the adjacent BSs.

Two types of single-BS precoding with the multi-BS coordination may be supported. One is the interference nulling and the other is the PMI coordination, which are supported by the channel feedback as defined in 17.3.2.1.8.

The DL single-BS Single-BS precoding with multi-BS coordination may be enabled by the BS for one or several MSs, the inter-cell interference can be mitigated by the coordinating the precoders applied in neighbor cells via the higher layer signaling, based on the feedback from MSs to their respective serving BSs.

Inter-cell interference nulling can be done using overhearing a neighboring cell’s sounding signal to generate the precoding matrix that nulls the interference to the neighboring cells. 

The DL single-BS precoding with the multi-BS coordination may be performed as follows:

a) PHY channel quality of the serving BS and neighbor BS(s) is measured using the IM Multi-BS CT PHY Channel Measurement Request/Response (IM_CT-CH-REQ/RSP) management message (see 6.3.2.3.105, 6.3.2.3.106) and/or using the sounding-based estimation 17.3.2.1.9, and the result of the measurement is gathered. Restricted (and/or recommended) PMI may be included in the IM_CT-CH-RSP management message or be esti​mated in the BS based on the UL sounding signals from the MS. Then, the BS decides to forward the gathered info.information (as a part of cooperation) and/or schedules the MS based on the result of the measurement on the downlink channel. 

b) Multi-BS cooperation is performed to avoid interfering other cells among the serving BS and neighbor BS(s), including the IM coordinator (controller) through the C-SAP/M-SAP via backhaul link. The coopera​tion for the DL single-BS precoding is triggered, if the certain condition is met as defined in 17.3.2.1.10. Ser​vice Primitives (e.g., C-IM-REQ/RSP in 14.2.13.1 and 14.2.13.2) are exchanged among those BSs and the IM controller, including following steps:

1) The IM controller may request a BS to report the gathered result of the PHY channel measurement, including feedback type, expected information to report (e.g., channel info.information, PMI), and report con​dition.

2) In response to the request, athe BS reports the corresponding measured (gathered) information of physical channel state information including PMI list for the PMI coordination if the report condition is met. In addition, resource usage information may also be reported to assist the coordination.

3) As a result of the coordination, the information (e.g., PMI and resource) to perform the DL single-BS precod​ing is exchanged.

c) Each BS performs the DL single-BS precoding. A BS performs the STC encoding locally by using the STC matrix as defined by STC_DL_Zone_IE (or MIMO DL Basic IE or MIMO DL Enhanced IE or HARQ MAP) for its DL single-BS percoding, configured by the IM coordinator. When the BS performs the STC encoding, the BS precodes with the recommended PMI, and/or without the restricted PMI for a certain amount of time till next configuration. An When an MS perform received receives the precoded data defined the DL con​trol, and the MS shall demodulate signal in the same procedure as defended in 8.4.8. In addition, a BS may resolve conflicted request (due to several restricted PMIs) using adaptive precoding between an MS and the BS. For example, a BS schedules whole frequency bands without the restricted PMI, and a BS does not schedule (or schedule with low priority) the MS reporting the restricted PMI.
17.3.2.1.7 DL multi-BS joint processing

When DL multi-BS joint processing is enabled, radio resource allocation, data mapping, and pilot pattern allocation shall be aligned among coordinating BSs. The same data packet is transmitted by the coordinating BSs on the same time and frequency resources.

Two types of multi-BS joint processing may be supported. One is for a single MS served jointly by the multiple coordinationcoordinated BSs and the other is for several MSs served jointly by the multiple coordinationcoordinated BSs, which are supported by the channel feedback as defined in 17.3.2.1.8.

To support the multi-BS joint processing enabled by the BS for one or multiple MSs, adaptive precoding may be applied in the serving and neighboring cells and user data is shared among those multiple cells. 

The DL multi-BS joint processing may be performed as follows:

a) PHY channel quality of the serving BS and neighbor BS(s) is measured using the IM Multi-BS CT PHY Channel Measurement Request/Response (IM_CT-CH-REQ/RSP) management message (see 6.3.2.3.105, 6.3.2.3.106) and/or using the sounding-based estimation 17.3.2.1.9, and the result of the measurement is gathered. Restricted (and/or recommended) PMI may be included in the IM_CT-CH-RSP management message or be esti​mated in the BS based on the UL sounding signals from the MS. Then, the BS decides to forward the gathered info.information (as a part of cooperation) and/or schedules the MS based on the result of the measurement on the downlink channel. 

b) Multi-BS cooperation is performed to transmit data cooperatively among the serving BS and neighbor BS(s), including the IM coordinator (controller) through the C-SAP/M-SAP via backhaul link. The coopera​tion for single-BS precoding the DL multi-BS joint processing is triggered, if the certain condition is met as defined in 17.3.2.1.10. Ser​vice Primitives (e.g., C-IM-REQ/RSP in 14.2.13.1 and 14.2.13.2) are exchanged among those BSs and the IM controller, including following steps:

1) The IM controller may request a BS to report the gathered result of the PHY channel measurement, including feedback type, expected information to report (e.g., channel info.information, PMI), and report con​dition.

2) In response to the request, athe BS reports the corresponding measured (gathered) information of physical channel state information including PMI list for the PMI coordination if the report condition is met. In addition, resource usage information may also be reported to assist the coordination.

3) As a result of the coordination, information (e.g., PMI and resource) to perform the DL multi-BS joint pro​cessing is exchanged.

c) Multiple BSs serve an MS jointly. A BS performs the STC encoding by using the STC matrix as defined by STC_DL_Zone_IE (or MIMO DL Basic IE or MIMO DL Enhanced IE or HARQ MAP) for its assigned antenna configuration, configured by the IM coordinator. When the BS performs the STC encod​ing, the BS precodes with the recommended (or assigned) PMI for a certain amount of time till next configuration. An When an MS perform received receives the precoded data defined the DL control, and the MS shall demodulate signal in the same procedure as defended in 8.4.8 if the MS does not receive MIMO_in_Another_BS_IE() or Macro_DL_Basic_IE(). In the case of that the same data are transmit​ted from multiple BSs in the same data regions, and then the MS performs the RF or diversity combining. In addition, an MS shall perform the soft data combing when it receives MIMO_in_Another_BS_IE(), where the same data are transmitted in the same or different data region.
17.3.2.1.8 Channel feedback for closed-loop transmit precoding

17.3.2.1.8.1 Sounding-based feedback

Multi-BS CT A BS operating the Multi-BS CT may measure the UL channel response and translate the measured UL channel response to an estimated DL channel response when the Tx and Rx hardware are appropriately calibrated. To measure the UL channel response from an MS as defined in 8.4.6.2.7, the anchor BS/serving BS may allocate sounding for the channel based on the cooperation among the anchor BS and its neighbor BSs, where they are in the Multi-BS CT candidate set. Those neighbor BSs overhear the allocated UL sounding channel to support the DL single-BS precoding and/or the DL multi-BS joint processing as defined in 17.3.2.1.6 and 17.3.2.1.7, respec​tively. The anchor BS and neighbor BSs may perform the interference management based on the received sig​nal(s) from the MS(s). To perform the interference management, those BSs may transmit preferred precoding based on the sounding signal to the IM coordinator. The IM coordinator may request the BS involved in the Multi-BS CT to perform interference nulling and/or precoding including applied PMI for the Multi-BS CT. In addition, each BS received the sounding signal(s) from an MS may perform precoding. 

17.3.2.1.8.2 MIMO-coefficient-based feedback

A multi-BS CT BS operating the Multi-BS CT may request its subordinate MS to report the MIMO coefficient that the multi-BS CT BS should use for the best DL reception (see 8.4.11.2 and 8.4.11.7), with every instance of BS’s transmit antennas replaced by transmit antennas selected to use the transmission by BSs in the Multi-BS CT set. For example, if N is the number of transmit antennas selected for the Multi-BS CT, (N-1) CQICH shall be allocated the MS, and the MS shall report the desired antenna weights of antenna 1 through N-1 based on the antenna 0, where the MS considers each antenna is mapped logically through antenna 1 to N.

To perform the interference management, the Multi-BS CT BS may transmit preferred and/or restricted precod​ing based on the feedback to the IM coordinator. The IM coordinator may request the BS involved in the Mutli-BSMulti-BS CT to perform interference nulling and/or precoding including applied PMI for the Multi-BS CT. In addition, the BS received the feedback from an MS may perform precoding. 

17.3.2.1.8.3 Codebook-based feedback

A multi-BS CT BS operating the Multi-BS CT may request its subordinate MS to report the precoding matrix index in the codebook based on the estimated channel state information, with every instance of BS’s transmit antennas replaced by transmit antennas selected to use the transmission by BSs in the Multi-BS CT set. Codebooks listed in Table 8-343, Table 8-344, and Table 8-345 are defined for the feedback of the single-BS precoding, whose codeword may be employed as the STC matrix in MIMO precoding in 8.4.8.3.6.

To perform the interference management with the multi-BS coordination, the BS may transmit the received code​book from MS(s) to the IM coordinator. The IM coordinator may request the BS involved in the Multi-BS CT to perform interference nulling and/or precoding including applied codeword for the Multi-BS CT. In addi​tion, the BS received the feedback from an MS may perform precoding. 

17.3.2.1.9 Channel quality measurement and report

When an MS is requested to measure and report the channel quality, the MS shall measure and report the channel quality of the serving BS and/or its neighbor BS(s). When a BS capable of providing cooperative transmission receives the report of the channel quality from the MS, the BS reports the channel quality the to the coordinator, if certain conditions are met as defined in 17.3.2.1.10. Reported channel quality by the BS includes the channel quality of the BS itself and the neighbor BS(s).

When a serving BS requests a subordinate MS to scan the neighbor BS(s) which are participating in cooper​ative transmission, the MS scans and reports the channel measurement result to the serving BS, if certain conditions are met as defined in 17.3.2.1.10. 

Multi-BS CT A BS operating the Multi-BS CT may measure the UL channel response and translate the measured UL channel response to an estimated DL channel response. To support DL channel estimation in a mobile environment, sounding-based measurement is supported in 17.3.2.1.9.2.

17.3.2.1.9.1 MIMO midamble measurement for Multi-BS CT

Midamble is indicated whether it presents by “midamble presence” in STC DL Zone IE. If midamble is presence in Multi-BS CT, the MS shall measure the physical channel quality measurement from the midam​ble in the STC zone. Each transmit antenna of each BS inthe in the Multi-BS CT set is mapped to a MIMO trans​missionfrom trans​mission of the Multi-BS CT, configured by the IM coordinator. From the perspective of the MS, the selected MIMO transmit antennas that are used will come from the Multi-BS CT set, even though the MS assumes all selected antennas come from the same BS. Transmit antenna unselected antennas can be used for transmission to another MS. For the physical channel measurement, BSs involved in the Multi-BS CT candidate set may transmit same midamble sequence having a mapping to the same midamble IDcell indi​vidually with different time. Instead, those BSs may transmit the midamble sequence having its own midam​ble IDcell.

As a part of measurement request from BS, the MS measures the midamble and reports the result of the physical channel measurement. A Multi-BS CT BS may send the IM Multi-BS CT PHY Channel Measurement Request (IM_CT-CH-REQ) message (see 6.3.2.3.105) to tisits subordinate MS to obtain the measurement report for the Multi-BS CT operation. IM_CT-CH-REQ message may include Cell ID and/or symbol offset for mea​surement. In addition, feedback type as well as the recommended and/or restricted feedback information may be included in the IM_CT-CH-REQ message for the DL single-BS precoding and/or the DL multi-BS joint processing as defined in 17.3.2.1.6 and 17.3.2.1.7, respectively.

The MS received the IM_CT-CH-REQ message shall send the IM Multi-BS CT PHY Channel Measurement Response (IM_CT-CH-RSP) message (6.3.2.3.106), which shall be used to respond to the channel measure​ments listed in the received IM Multi-BS CT PHY Channel Measurement Request (IM_CT-CH-REQ) mes​sage.

17.3.2.1.9.2 Sounding-based estimation for Multi-BS CT

To support DL channel estimation in a mobile environment, an MS may be instructed to transmit sounding signals periodically. An MS capable of CSIT (as indicated by the SBC-REQ message, see 11.8) transmits channel sounding waveforms as defined in 8.4.6.2.7 on the UL to enable the BS to determine the BS-to-MS channel response under the assumption of TDD reciprocity. To enable sounding-based measurement, the anchor BS/serving BS only allocates sounding for the channel based on the cooperation among the anchor BS and its neighbor BSs, where they are in the Multi-BS CT candidate set. Those neighbor BSs in the Multi-BS CT candidate set may overhear the allocated UL sounding channel for the DL single-BS precoding and/or the DL multi-BS joint processing as defined in 17.3.2.1.6 and 17.3.2.1.7, respectively.Multi-BS CT A BS may instruct the MS to report the channel quality measurement from midamble as defined in 17.3.2.1.9.1. 

17.3.2.1.10 Trigger conditions
Based on the physical channel quality measurement and report as defined in 17.3.2.1.9, the serving BS and its neighbor BS(s) in the Multi-BS CT candidate set may transmit data to the MS cooperatively, as a result of the Multi-BS cooperation.

The thresholds (i.e., CT_C_Th0, CT_R_Th0, CT_C_Th1, CT_R_Th1, CT_R_Th2, CT_C_Th2 thresholds) are used to decide whether to perform a Multi-BS CT operation. The CT_C_Th0 and CT_R_Th0 thresholds are used to decide to initiate multi-BS CT operation and the CT_C_Th1, CT_R_Th1, CT_C_Th2, and CT_R_Th2 thresholds are used to check and determine the multi-BS scheme between the DL single-BS precod​ing and the DL multi-BS joint processing as defined in 17.3.2.1.6 and 17.3.2.1.7, respectively. The operation procedure of the multi-BS cooperative transmission trigger follows the steps below:

a) PHY channel quality of S-BS and N-BS(s) the serving BS and neighbor BS(s) is measured. Based on the request from the BS, the MS measures the physical channel quality as defined in 6.3.16, 6.3.20.1.2 and/or 17.3.2.1.9 or transmits UL sounding signals as defined in 8.4.6.2.7 for the sounding-based estimation as defined in 17.3.2.1.9.2. 

b) The measurement result of the physical channel quality is gathered. The BS forwards the gathered information (such as CINR, RSSI, BSID) to the IM coordinator through the C-SAP/M-SAP via backhaul link. 

c) Multi-BS cooperation is performed among the serving BS and its neighbor BS(s), including the IM coor​dinator through the C-SAP/M-SAP primitives transmitted and received via the backhaul link. A Multi-BS CT operation is initiated based on the gathered information. When the long-term averages of the CINR and/or RSSI of the S-BS serving BS are less than CT_C_Th0 and CT_R_Th0 threshold, respectively, the Multi-BS CT operation may be initiated. If at least one long-term average of the CINR and/or RSSI of N-BS(s) is more than CT_C_Th1 and CT_R_Th1 threshold, respectively, the PMI coordination may be initiated. Oth​erwise, if at least one long-term average of the CINR and/or RSSI of N-BS(s) is more than CT_C_Th2 and CT_R_Th2 threshold, respectively, joint processing may be initiated. During the cooperation, the IM coordinator may request to a BS to initiate the Multi-BS CT operation. In response to the request from the IM coordinator, the BS accepts the request, rejects with the reason (e.g., heavy traffic load), or requests to delay (re-request) the multi-BS CT operation.

d) Those BSs (S-BS and N-BS(s) serving BS and neighbor BS(s)) transmits data to the MS cooperatively. 

In addition, a S-BSBS may send the list of the neighbor BS(s), including the CINR mean and/or RSSI mean as indicated by the Report metric parameter, to a subordinate MS, and request a subordinate MS to measure the physical channel quality of the neighbor BS(s). The BS supporting Multi-BS CT operation shall broadcast a DCD message that may include the CT_CINR_Th0 Threshold, CT_RSSI_Th0 Threshold, CT_CINR_Th1 Threshold, CT_RSSI_Th1 Threshold, CT_CINR_Th2 Threshold, and CT_RSSI_Th2 Threshold. The MS responds to this request by reporting the channel measurement of the requested BS(s) back to the requested BS(s), if the CINR (RSSI) of the S-BS serving BS is less than CT_CINR_Th0 (CT_RSSI_Th0) and/or the CINR (RSSI) of the N-BS neighbor BS is more than CT_CINR_Th1 (CT_RSSI_Th1) and/or CT_CINR_Th2 (CT_RSSI_Th2).
17.3.2.2 UL Multi-BS MIMO

17.3.2.2.1 UL multi-BS joint processing

When UL multi-BS joint processing is enabled, radio resource allocation, data mapping, and pilot pattern allocation shall be aligned among coordinating BSs. The same data packet is received by the coordinating BSs on the same time and frequency resources.

A single MS may be served jointly by the multiple coordinationcoordinated BSs based on the physical channel quality mea​surement and report as defined in 17.3.2.1.9. The serving BS and its neighbor BS(s) in the Multi-BS CT can​didate set may perform the macro diversity combining, as a result of the cooperation. With the macro-diversity combining enabled, soft decision information in the form of log-likelihood ratios are generated at neighbor​ing BSs, transmitted to the anchor BS accompanied with scheduling information (such as resource allocation information, Matrix Indication, Pilot patterns, and etc.) through the M-SAP/C-SAP primitives over backhaul networklink, and combined at the anchor BS.

17.3.2.2.2 Trigger conditions

To decide to operate the multi-BS CT, the two thresholds (i.e., CT_Th0 and CT_Th1 thresholds) are used. CT_Th0 is a threshold to decide to initiate the multi-BS CT operation and CT_Th1 is a threshold to check and determine the multi-BS scheme UL multi-BS joint processing as defined in 17.3.2.117.3.2.2.1. The operation proce​dure of the multi-BS cooperative transmission trigger follows the steps below:

a) PHY channel quality of serving BS and neighbor BS(s) is measured. Based on the request from the BS, the MS measures the physical channel quality as defined in 6.3.16, 6.3.20.1.2 and/or 17.3.2.1.9 or transmits UL sounding signals as defined in 8.4.6.2.7 for the sounding-based estimation as defined in 17.3.2.1.9.2. 

b) The measurement result of the physical channel quality is gathered. The BS forwards the gathered information (such as CINR, RSSI, BSID) to the IM coordinator through the C-SAP/M-SAP primitives via backhaul link. 

c) Multi-BS cooperation is performed jointly by the serving BS and neighbor BS(s), including the IM coordi​nator through the C-SAP/M-SAP via backhaul link. The Multi-BS CT operation is determined to initiate based on the gathered information. When the long-term average CINR (and/or RSSI) of the S-BS serving BS is less than CT_C_Th0 and CT_R_Th0 threshold, the multi-BS CT may be initiated. If at least one CINR (and/or RSSI) of N-BS(s) neighbor BS(s) is more than CT_C_Th1 and CT_R_Th1 threshold, the Multi-BS CT operation (i.e., UL multi-BS joint processing) may be initiated after the cooperation. During the cooperation, the IM coor​dinator may request to a BS to initiate the Multi-BS CT operation. In response to the request from the IM coordinator, the BS accepts the request, rejects with the reason (e.g., heavy traffic load), or requests to delay (re-request) the multi-BS CT operation. If the BS accepts the request, the Multi-BS CT operation is performed. If the BS rejects the request, the IM coordinator may request again at a later time deter​mined by the IM coordinator. If the BS requests to delay, the IM coordinator may request again after the delay specified by the BS in the Re-request Time timer.

d) Those BSs (serving BS and neighbor BS(s)) perform the multi-BS cooperative transmission.
 [-------------------------------------End of Text Proposal---------------------------------------------------]

 

