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Overview

The 802.16q amendment shall be developed in accordance with the P802.16q project authorization request (PAR) with its accompanying Five Criteria Statement[2]. The scope of the resulting project includes “MAC/PHY protocol enhancements for cooperation among base stations in multi-tier networks to enhance interference mitigation.” All contents regarding interference management included in the 802.16q amendment shall meet requirements in [3]. Multi-BS cooperative transmission is defined as one of promised operations for “interference management” in the 802.16q amendment working document (AWD)[4], including downlink and uplink multi-BS MIMO. 
In order to maximize the uplink transmission power as well as minimize the interference generated to each of neighboring cells, uplink single-BS precoding and/or uplink joint reception may be performed. However, due to restriction of the change of physical layer of MS defined in the P802.16q PAR, joint reception based on the diversity combining is a solution for the uplink interference management. Thus, this document provides the functional description of uplink joint reception.

Uplink multi-BS joint reception (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.
UL Multi-BS CT may be triggered based on the following procedure (see Figure 1 and Figure 2):

· Step1: PHY channel measurement and gathering the result of the measurement

· Step2: Checking whether to operate multi-BS cooperative transmission

· Step3: Decide to operate multi-BS cooperative transmission

· Step4: UL data allocation and data transmission

[Note: PHY channel measurement and data transmission are performed between BS and MS. Other procedures shall be cooperated among multiple BSs involving the multi-BS CT set.]

Figure 1 shows an example of the procedure of triggering to initiate multi-BS CT, where the physical channel may be measured using UL sounding based estimation. As shown the example, “Checking whether to operate multi-BS cooperative transmission” and “Decide to operate multi-BS cooperative transmission” are performed in each BS and the IM controller (or IM coordinator), respectively. In this example, BS1 allocates uplink resource for the uplink sounding and neighbor BSs (BS2, BS3) overhears the uplink sounding from the MS. To check and decide to operate multi-BS CT, the BS1, BS2 forward the gathered result of the PHY channel measurement from the MS to the IM controller, if certain condition is met. Upon receiving the information, the IM controller decides the multi-BS CT operation. If the multi-BS CT operation needs to be initiated, the IM controller requests BS(s) (BS1, BS2 in this example) to join the multi-BS CT via backhaul interface (using C-IM-REQ/RSP). As the result of cooperation among IM controller and BSs, those BSs (S-BS and N-BS(s)) perform the multi-BS CT.
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Figure 1 - Joint Reception procedure (example 1)
Figure 2 shows another example of the procedure of triggering to initiate multi-BS CT. As shown the example, “Checking and decide whether to operate multi-BS cooperative transmission” is performed in the BS as a result of cooperation amongst BSs (BS1, BS2, and BS3, BS N in this example). To check and decide to operate multi-BS CT, the BS1 negotiates with its neighbor BSs (BS2, BS3, and BS N). During the negotiation, the neighbor BSs decide whether to join the multi-BS CT and respond to the BS1 with the result (e.g., 1) accept or 2) reject with the reason) via backhaul interface (using C-IM-REQ/RSP). As the result of cooperation among BSs, those BSs (S-BS and N-BS(s)) perform the multi-BS CT.
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Figure 2 - Joint Reception procedure (example 2)

Trigger condition for multi-BS cooperative transmission

To initiate/maintain multi-BS CT, we propose the trigger condition with the two thresholds:

1) threshold (Th0) – for the initiating multi-BS CT, and 

2) threshold (Th1) – for multi-BS joint processing
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Figure 3 - Trigger condition for Multi-BS CT
Figure 3 shows the trigger condition using the thresholds for multi-BS CT. As shown the figure, BS may gather the information to trigger multi-BS CT as a part of physical channel measurement between MS and BS. Based on the gathered information, trigger condition is checked whether multi-BS CT operation needs to initiate if the following condition is met:

CINR of the S-BS < Th0.

Then, if the number of neighbor BS, where CINR of the neighbor BS’ is greater than the threshold (Th1), is at least one, joint processing is possible to initiate by S-BS and those N-BS(s). 

References

[1] IEEE Std. 802.16TM-2012, IEEE Standard for Air Interface for Broadband Wireless Access Systems, August 2012.

[2] IEEE 802.16-12-0394-06-Gdoc, PAR and Five Criteria for P802.16q (Amendment to IEEE Std 802.16 for Multi-tier Networks), July 2012.
[3] IEEE 802.16-12-0020-01-000q, Draft IEEE 802.16q System Requirement Document, May 2013.

[4] IEEE 802.16-13-0026-03-000q, Draft P802.16q AWD, November 2013.
Proposed Text on Amendment Working Document (AWD) of IEEE 802.16q
[Editorial instruction]

· Black text: the text is existing in the base standard

· Red text: with strike-through: the texts is removed from the amendment standard

· Blue text without underline: the text is added in the amendment standard without underline

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

[-------------------------------------Start of Text Proposal---------------------------------------------------]
[Remedy1: Change 17.3.2.2 in IEEE 802.16q AWD as follows:]

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 multiple coordination BSs 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 perform the macro diversity combining, as a result of the cooperation. With macro-diversity combining enabled, soft decision information in the form of log-likelihood ratios are generated at neighboring BSs, transmitted to anchor BS accompanied with scheduling information (such as resource allocation information, Matrix Indication, Pilot patterns, and etc.) through M-SAP/C-SAP primitives over backhaul network, and combined at anchor BS. 
17.3.2.2.2 Trigger conditions
[Note: In this subclause, trigger conditions for UL multi-BS MIMO will be provided.]

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 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 17.3.2.1. The operation procedure 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 C-SAP/M-SAP via backhaul link. 
c) Multi-BS cooperation is performed among serving BS and neighbor BS(s), including IM coordinator through C-SAP/M-SAP via backhaul link. Multi-BS CT operation is determined to initiate based on the gathered information. When long-term CINR (and/or RSSI) of the S-BS is less than CT_Th0 threshold, multi-BS CT may be initiated. If at least one CINR (and/or RSSI) of N-BS(s) is more than CT_Th1 threshold, Multi-BS CT operation (i.e., UL multi-BS joint processing) may be initiated after the cooperation. During the cooperation, the IM coordinator may request to a BS to initiate 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 (serving BS and neighbor BS(s)) perform the multi-BS cooperative transmission. 
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