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1. Reference

[1]
IEEE P802.22™/D0.1 Draft Standard for Wireless Regional Area Networks Part 22: Cognitive Wireless RAN Medium Access Control (MAC) and Physical Layer (PHY) specifications: Policies and procedures for operation in the TV Bands.

2. Efficient Event-Driven Downstream CSIT collection mechanism for delay-sensitive flows in TDD OFDMA architecture
2.1. Introduction

Channel state information at the transmitter (CSIT) is crucial for efficient centralized resource allocation and scheduling at the base station (BS). It is well-known that utilizing the CSIT at the base station, significant cross-layer gain due to multiuser diversity can be exploited to boost the spectral efficiency of the OFMDA system. Furthermore, the WRAN system MUST be capable of supporting a mix of data, voice (VoIP) and audio/video applications with corresponding provisions for QoS. In the current draft [1], there are four types of service (P103, Table 222): UGS – e.g. VoIP, rtPS – e.g. Video, nrtPS – e.g. FTP, BE – any service flow without minimum rate requirement. The mandatory QoS service flow parameters for rtPS include Maximum Latency besides Minimum Reserved Traffic Rate and Maximum Sustained Traffic Rate as in all other types of service. In general, knowledge of CSIT at the base station is very important for achieving delay requirement of the realtime service flows (such as UGS, rtPS) and at the same time, exploiting cross-layer gain in spectral efficiency for non-realtime service flows (such as nrtPS). A general architecture of delay-sensitive cross layer scheduling algorithm is shown below.

Hence, availability of CSIT of all active CPEs at the base station is very important. Note here that channel state information (CSI) of a CPE here refers to the channel gain (SINR) of all the subchannels in a CPE (i.e., not only the allocated subchannel). For 802.22 systems, there is no existing mechanism for collection of downstream Channel State Information (CSIT) from active CPEs. It is far from trivial for the BS to collect downstream CSIT of all CPEs in OFDMA system due to the huge signaling overhead considerations. The brute-force polling approach of downstream CSIT collection mechanism does not work effectively. For example, consider 2048 FFT size with 32 independent subchannels within each 6MHz band. Assume we use 4 bits to quantize the SINR value of each subchannel. One CSIT feedbacks from one CPE to the base station involves 32 * 4 bits of feedback. If the system has 40 active CPEs, the total number of bits to be fed back to the base station is given by 32 * 4 * 40 per cycle. This will consume a huge amount of upstream feedback signaling resource and is not scalable when we have large number of active CPEs or large number of subchannels. 


[image: image1]
Figure 1. A conceptual block diagram of delay-sensitive cross-layer scheduler for OFDMA system.

On the other hand, while channel reciprocity of the upstream (US) and downstream (DS) channels in TDD systems allow “implicit feedback” of downstream CSIT by channel estimation on the US preambles, explicit feedback of CSIT from the active CPEs to base station is still necessary due to two reasons. For instance, the CSIT of the temporarily US-inactive CPEs or the un-excited subchannels of those US-active CPEs cannot be obtained using the channel reciprocity because there is no UL traffic. Hence, the challenge is to have an effective downstream CSIT collection mechanism involving all active CPEs and all subchannels so as to facilitate a robust and delay-sensitive power, rate, and dynamic frequency selection (DFS) algorithm (cross layer design). It is the focus of this contribution to propose an efficient event-driven downstream CSIT collection mechanism for all active CPEs. 

2.2. Motivation

For the DS transmission, BS has the full knowledge of the QoS requirements and the queueing states of all the active CPEs. Therefore, BS is able to determine which CPEs have higher priority and are more urgent and which can afford to wait. As a result, the BS can postpone the collection of the channel state information (CSI) of a CPE until its traffic becomes more urgent. On the other hand, instead of feeding back all the CSI information to the base station and let the base station do the scheduling / filtering, the CPEs could also help to filter away some weak CSI values before even attempt to feedback to the base station. Hence, we shall propose to use a hybrid polling and event-driven based CSIT collection algorithm. The base station will poll a group of CPEs for reporting CSIT based on the urgency / priority of the service flows. Yet, within the group of polled CPEs, distributed CSIT processing will be performed locally at each polled CPEs and the CSIT feedback will be “event-driven”. As a result, the upstream signalling overhead in the CSI feedback is substantially reduced. We shall propose the associated algorithm, control message structure and the message flows to facilitate delay-sensitive cross layer design. 

2.3. Main Features

There are several main features that are detailed as follows.

1. Centralized polling at the BS. 
BS decides which groups of CPEs should report the CSIT based on QoS requirements, queueing states, etc. 
2. Placement of the polling information. 
For currently active CPEs, the polling information is contained in the ULSMAP, whereas for currently inactive CPEs, the polling information is contained in some broadcast channels.

3. Event-driven CSIT Reporting Mechanism. 
For the group of CPE polled by the BS, each CPE will continuously monitor the CSI of all subchannels (including assigned subchannels and not-assigned subchannels) locally and perform a simple algorithm to check for certain “events”. The CPE will only attempt to feedback the latest CSI value(s) when certain events happen. In this way, the feedback overhead per CPE is substantially reduced. 
4. CPEs decide which subchannel CSIT to feedback based on the channel condition. 
Since the CPE has the most updated and detail information about the CSI (SINR) of all the subchannels locally, it is better to allow the CPE to determine (dynamically) which subchannel CSI value(s) to feedback to the base station rather than decided by the base station. 
Hence, using the hybrid polling and distributed (event-driven) approach, the signalling overhead of maintaining an updated CSIT knowledge of all active CPEs at the base station is substantially reduced and this is very important to facilitate delay-sensitive cross layer scheduling. . 
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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2.4. Details of the Proposed Downstream CSIT Collection Mechanism
Figure 2 illustrates a flow chart of the proposed event-driven Downstream CSIT collection mechanism.
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Figure 2. Flow chart of event-driven downstream CSIT collection mechanism.

· The base station first broadcasts the configuration message “CSI-REQ-CFG” which specifies the two parameters Nc and Delta_dB as well as the address of active CPEs who should participate in the current event-driven CSIT reporting loop. 

· At CPE, the 2048 subcarriers are divided into 32 subchannels as shown in Figures 119 and 120 of the specification [1]. 

· If the CPE (among the polled group of CPE) is not allocated any upstream subchannel in the current frame, it just feedbacks the CSI value of the best Nc subchannels using the “Best CSIT feedback message” (CSI-FED). On the other hand, if the CPE has been allocated upstream subchannel(s) in the current frame, it should feedback the CSI value of the best Nc subchannels (excluding the assigned uplink subchannels) using the “Best CSIT feedback message” (CSI-FED). Note that the CSI value of a subchannel is defined as the normalized SINR value of a subchannel (dB). That is: CSI_dB(subchannel i) =  SINR_dB(subchannel i) – average SINR_dB (over all subchannels on multiple frames). 
· All the polled CPEs will continuously monitor the current strongest Nc subchannels locally every frame. 
· CPE will initiate a new “Best CSIT feedback message” only if 
· The current best Nc subchannels is different from the previously updated “Best CSIT feedback message”. AND
· |max CSI_dB (curr) – max CSI_dB (previously updated)| > Delta_dB.

By adjusting the parameters Nc and Delta, the proposed scheme allows a flexible tradeoff between CSIT feedback signalling overhead and the completeness of CSIT knowledge at the base station.  

2.5. Example Message Flow

Consider an example scenario. Let Nc=1 and Delta_dB = 1 dB. CPE1 and CPE 2 feedback the SINR_dB (over the strongest subchannel) [15dB and 17dB] and the subchannel indices [3 and 5] to the BS at t=0 using the “Best CSIT Feedback Message”.BS performs delay-sensitive cross-layer scheduling based on the collected CSIT. The scheduling result (subcarrier, power and MCS) are broadcast to the concerned CPEs using DS-MAP. At t=4, CPE1 finds that the strongest subchannel index is changed from 3 to 6. The current SINR_dB of subchannel 6 = 20dB.  Hence, this will trigger CPE1 to send another “Best CSIT Feedback Message”. 

BS performs another round of “delay-sensitive cross layer scheduling” based on the latest CSIT. The new result (subcarrier assignment, power assignment, MCS assignment) is broadcast to all the concerned CPE. This is illustrated in figure 3.
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Figure 3: Illustration of Message Flows in one example scenario.

2.6. Control Message Format
To support the proposed downstream CSIT collection mechanism, we have proposed two new control messages. They are the “CSIT Collection Configuration” (CSIT-CFG) and the “Best CSIT feedback message” (CSI-FED). The message formats are explained below. 
Table 2 CSIT_Collection_Configuration for active CPEs
	Syntax
	Size (bits)
	Remarks

	CSI-REQ-CFG_Message_Format(){
	
	

	    Management Message Type
	8
	Control message ID

	    Nc
	6
	Number of Best subchannels to feedback (Nc=1…32)

If Nc=0, this means the event-driven loop in the polled CPE (below) is turned off. If Nc >0, this means the event driven loop in the polled CPE (below) is turned on. 

	    Delta
	2
	Hystersis Threshold (defined in the event-driven mechanism) in steps of 2dB ranging from -6dB to 8dB.

	    N_CID
	8
	  N_CID is the number of CID address listed in this message

	    for i = 1: N_CID {
	
	

	            CID 
	16
	CID of the polled CPE to enable (if Nc>0) or disable (if Nc=0) in the event-driven loop. If CID = broadcast CID, then this message applies to all CPE.

	 }   }
	
	


Table 3 CSIT Feedback Message (CSIT-FED)

	Syntax
	Size (bits)
	Remarks

	CSI-FED_Message_Format(){
	
	 

	    Management Message Type
	8 
	Control Message ID

	    For(i=1;i<=N;i++){
	
	

	        Subchannel Index
	7
	 0 – 31 to indicate the subchannel index (contiguous) corresponding to the CSI feedback value.  

	        CSI
	4
	Quantized CSI (dB) = SINR (dB) – average SINR(dB) [averaged over all 32 subchannels] corresponding to the indicated subchannel index (in 3dB steps from -24dB to + 24dB.) Note that the CSI value is given by the normalized SINR of the subchannel (normalized by the average SINR – averaged over all subchannels of the CPE)

	    }
	
	

	}
	
	


2.7. Performance Gain

Since our proposed CSIT collection only feedbacks the best Nc subchannels, the overhead of feedback can be saved. For example, suppose Nc is 5, the size of feedback message is 8+(7+4)*5=63 bits. However, if the CPE should feedback all the subchannel, the size of feedback message is at least 8+32*4=136 bits, where 8 bits is used to identify the message type. 

2.8. Conclusion

In this proposal, an effective downstream CSIT collection mechanism is proposed for WRAN systems to support delay-sensitive cross layer scheduling. Based on a hybrid polling and event-driven mechanism, the signalling overhead of the CSIT feedback is substantially reduced The BS use a polling based mechanism to decide which group of CPEs should participate in the event-driven CSIT reporting loop based on the QoS requirements, queueing states, etc. For the CPEs engaged in the event-driven loop for CSIT reporting, the CPE will monitor locally the current CSI and send a CSIT report only if certain events occur. Two new control messages are defined to support the mechanism. The proposed scheme achieves substantial savings in CSIT reporting overhead compared with the brute force approach. 
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Abstract


This document proposes an effective and flexible structure for facilitating the collection of necessary CSIT at the BS for TDD based OFDMA architecture. A polling based mechanism is proposed where the BS decides which CPEs to be polled based on the QoS requirements, queueing states, etc, so that significant overhead reduction is achieved, in contrast to the case where the CSIT of all subchannels of all CPEs are collected.
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