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1. Effective and flexible structure for CPE CSIT collection at base station for TDD OFDMA architecture
1.1. Introduction
Channel state information at the transmitter (CSIT) is crucial for efficient centralized resource allocation and scheduling at the base station (BS). Note here that we refer to the channel gain only because the phase is not important for resource allocation. For TDD system, channel reciprocity of the uplink (UL) and downlink (DL) channels enables the CSIT acquisition at the BS for the excited subchannels of those currently UL-active CPEs. However, the CSIT of the temporarily UL-inactive CPEs and the un-excited subchannels of those UL-active CPEs cannot be obtained using the channel reciprocity because there is no UL traffic. Therefore, it is very important to design a good CSIT collection mechanism such that efficient resource allocation and scheduling can be properly carried out at the BS. In this section, we propose an effective and flexible structure for facilitating the collection of necessary CSIT at the BS for TDD based OFDMA architecture. 
1.2. Motivation
For the DL transmission, BS has the full knowledge of the QoS requirements and the queueing states of all the CPEs. Therefore, BS is able to determine which CPEs have higher priority and are more urgent. As a result, the BS can postpone the collection of the channel state information (CSI) of a CPE until its traffic becomes more urgent. We propose to use a polling (request) based feedback mechanism, where both the polling (request) and feedback format are defined. Note that, due to the fact that the maximum Doppler frequency of the WRAN system is very small and the variation of Doppler frequency among CPEs is limited, the CSIT polling of each CPE can be performed rather infrequently and the polling overhead is limited. Hence, we shall adopt a polling based CSIT feedback mechanism in the collection of CSIT.

1.3. Main Features
There are four main features that are detailed as follows.

1. Centralized polling at the BS. BS decides which CPEs to poll based on QoS requirements, queueing states, etc. It also decides for each selected CPE which subchannel in which subband to estimate based on the detected incumbents, history, etc.

2. Placement of the polling information. For currently active CPEs, the polling information is contained in the UL-MAP, whereas for currently inactive CPEs, the polling information is contained in some broadcast channels.

3. Flexibility. BS may request CSIT of any subchannel in any subband. There is a default constraint on the number of subchannels N and the number of OFDM symbols M that a CPE should use to convey the feedback to the BS, yet we still provide the option that the BS has the freedom to allocate less or more subchannels depending on the QoS requirement or urgency of the DL traffic. Note that the selected subchannels (that are used to convey CSIT) of the first M OFDM symbols of the UL subframe will be used to convey the CSIT feedback. Additionally, aside from a default CSIT quantization level that is known to both BS and CPEs, the BS has the option to control the precision of the feedback.  

4. CPEs decide which subchannel CSIT to feedback based on the channel condition. Since the modulation and coding scheme is predefined, the CPE knows the number of bits Q it can use to do feedback given the number of subchannels N and the number of OFDM symbols M. Assume there are 64 subchannels in a subband, which means 6 bits is needed to represent the subchannel index, and x bits is used to represent the subchannel gain as can be known from the quantization level. The CPE knows it can feedback the DL CSI of 
[image: image1.wmf](

)

ë

û

x

Q

c

+

=

6

 subchannels. The CPE should choose c subchannels that are UL un-excited with the largest gains. The feedback format is shown in Table 1.

Table 1 CSIT_Feedback_Format
	
	Size (bits)
	Remarks

	  CSIT_Feedback_Format() {
	
	

	  for i = 1:c {
	
	  If Q-bit feedback is allowed, then 
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	      Subchannel Index
	6
	

	      Subchannel Gain 
	x
	

	    }
	
	

	 }
	
	


1.4. Details of the Polling and Feedback Format

1.4.1. For those selected CPEs that are active
The polling information is contained in UL-MAP specified by the CSIT_Collection_Request function. The polled CPEs should feedback their DL CSI of the subband they are currently using if Subband_change_flag = 0 through the allocated uplink subchannels specified by UL-MAP using predefined modulation and coding scheme. If the Subband_change_flag = 1, it means that the BS tell the CPE to estimate the DL CSI of another specified subband in the next frame. The BS will inform the CPE of the allocated UL subchannels in the UL-MAP of that specified subband in the next frame, whereas the CPE will use the DL pilot of that subband to estimate the DL CSI and do feedback on the allocated UL subchannels specified by the UL-MAP.

Table 2 CSIT_Collection_Request for active CPEs
	Syntax
	Size (bits)
	Remarks

	  CSIT_Collection_Request() {
	
	

	   N_CID
	8
	  N_CID is the number of selected downlink-active-only CPEs and both-downlink-and-uplink-active CPEs that are in this sub-band

	   for i = 1: N_CID {
	
	

	            CID 
	16
	

	            Feedback_Control( )  
	Variable
	 

	    }
	
	

	  }
	
	


Table 3 Feedback_Control Message
	Syntax
	Size (bits)
	Remarks

	 Feedback_Control() { 
	
	

	   Subband_change_flag
	1
	0: estimate the downlink CSI of this subband

1: in the next frame estimate the downlink CSI of the                              ub-b    subband specified by Subband Index 

	   If{Subband_ change_flag==1}{
	
	

	        Subband Index }
	8
	At most 256  6MHz subband

	   Else{
	
	

	       Quantization_level_flag
	1
	0: use default quantization level, L=a

1: use specified quantization level

	       If{ Quantization_level_flag ==1}{
	
	

	           Quantization level, L=b }
	2
	Assume there are at most 4 additional quantization
precision levels 

	      Feedback_ch_constraint_flag
	1
	0: use default number of subchannels, N=c

1: use specified number of subchannels

	       If{ Feedback_ch_constraint_flag==1}{
	
	

	            Number of subchannels, N=d }
	6
	Assume 64 subchannels in a sub-band

	       Feedback_symb_constraint_flag
	1
	0: use default number of OFDM symbols, M=e

1: use specified number of OFDM symbols

	   If{Feedback_symb_constraint_flag==1}{
	
	

	            Number of OFDM symbols, M=f }
	2
	   Assume at most 4 OFDM symbols can be feedback 

	      for j=1:N{
	
	

	             Subchannel Index }
	6
	

	             }
	
	

	      }
	
	


Subband_change_flag

Indicate whether to estimate the same subband in this frame or another subband in the next frame.

Quantization_level_flag

Indicate whether to use default or specified quantization level.

Feedback_ch_constraint_flag

Indicate whether to use default or specified number of subchannels to do feedback.

Feedback_symb_constraint_flag

Indicate whether to use default or specified number of OFDM symbols to do feedback.

1.4.2. For those selected CPEs that are inactive
The polling information is contained in some broadcast channel and the CPEs should scan through all the broadcast channels to find whether it has been polled or not.

Table 4 CSIT_Collection_Request for inactive CPEs
	Syntax
	Size
	Remarks

	  CSIT_Collection_Request() {
	
	

	  N_CID
	8 bits
	  N_CID is the number of selected inactive CPEs

	  for i = 1:N_CID{
	
	 

	        CID
	16 bits
	

	        Subband Index
	8 bits
	  At most 256  6MHz subbands

	        Quantization_level_flag
	1 bit
	  0: use default quantization level, L=a

  1: use specified quantization level

	        If{ Quantization_level_flag ==1}{
	
	

	              Quantization level, L=b
	2 bits
	  Assume there are at most 4 additional quantization precision 
  levels

	         }
	
	  

	        Feedback_ch_constraint_flag
	1 bit
	  0: use default number of subchannels, N=c

  1: use specified number of subchannels

	         If{ Feedback_ch_constraint_flag==1}{
	
	

	              Number of subchannels, N=d 
	6 bits
	  Assume 64 subchannels in a subband

	         }
	
	  

	       Feedback_symb_constraint_flag
	1 bit
	  0: use default number of OFDM symbols, M=e

  1: use specified number of OFDM symbols

	       If{Feedback_symb_constraint_flag==1}{
	
	

	              Number of OFDM symbols, M=f 
	2 bits
	  Assume at most 4 OFDM symbols used for feedback

	         }
	
	  

	        for j=1:N{
	
	

	               Subchannel Index 
	6 bits
	

	         }
	
	  

	       }
	
	

	 }
	
	


1.5. Conclusion
In this proposal, an effective and flexible structure for facilitating the collection of necessary CSIT at the BS is proposed for TDD based OFDMA architecture. In particular, we use a polling based mechanism where the BS decides which CPEs to be polled based on the QoS requirements, queueing states, etc. There are two specific polling signal formats corresponding to whether the selected CPE is active or not. Default constraint on the number of subchannels and the number of OFDM symbols that a CPE should use to do feedback is known to both the BS and the CPEs, yet we provide the option that the BS has the freedom to allocate less or more subchannels depend on the QoS requirement or urgency of the downlink traffic. In addition, the BS also has the option to adjust the precision of the feedback CSIT.
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This document proposes an effective and flexible structure for facilitating the collection of necessary CSIT at the BS for TDD based OFDMA architecture.
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