
3GPP TSG RAN WG1 meeting #56bis
R1-091520
Korea, March 23– 27, 2009
Source:
CATT
Title:
Analysis of Feedback Signalling for Downlink CoMP
Agenda Item:
15.2
Document for:
Discussion and Decision
1. Introduction
Coordinated multi-point transmission/reception (CoMP) is considered as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1-7]. According to [1], CoMP is mainly characterized into two categories:

· Coordinated scheduling/beamforming

· Joint processing/reception

In the category of joint processing, data to single UE is simultaneously transmitted from multiple transmission points to improve the received signal quality and/or cancel interference for other UEs. In this category, data intended for a particular UE is jointly processed at different cells. As a result of the joint processing, the received signals at the intended UE will be coherently or non-coherently combined. In the category of coordinated scheduling/beamforming, data to single UE is transmitted from one of the transmission points while the scheduling decisions are coordinated to control the interference generated in a set of coordinated cells. CoMP is particularly beneficial for cell-edge throughput. 
Feedback signaling is a key aspect of downlink CoMP and should be studied carefully. The possible feedback signaling include CQI, PMI, RI, CDI[9](Channel Direction Information) and interference level etc. Network collects feedback signaling from UEs to enable frquency domain scheduling, MCS selection, closed-loop precoding, and to “facilitate the decision on the set of participating transmission points” [1]. In this contribution, we focus on the feedback of CQI and PMI. Several feedback schemes are described and compared. The CoMP reporting set (CRS) refers to the cell set that UE measures and reports CQI and/or PMI hereafter.
2. Feedback of CQI

There are several distinct ways of feeding back the CQI in the CRS: integrated, individual and mixed feedback.
2.1. Integrated feedback

Integrated feedback means that an integrated CQI of the cells in the CRS is feedback. The integrated CQI is calculated by assuming all the cells are transmitting data simultaneously to the target UE. It can reflect the channel quality of the coordinated transmission if all the cells in CRS participate in the transmission to UE eventually. The feedback overhead is reduced due to the integration. However, this feedback approach will impose some restriction on scheduling, since it is difficult to recover the individual CQI of each cell from the integrated CQI. Therefore, the cells that the integrated CQI represent would be better to be the same to the cells that actually transmit data to UE, otherwise, performance degrades. An enhancement is to allow UE to select a subset of CRS and feedback the integrated CQI of cells in the subset. Extra information has to be fedback to indicate the selected subset. Undoubtedly, overhead increases. The increased overhead should be justified. 
Observation:

· The integrated CQI can reflect the channel quality of the coordinated transmission if cells that the integrated CQI represents are the same to the cells that actually transmit data to UE.
2.2. Individual feedback

Individual feedback means that the CQI of each cell is individually calculated and feedback. Overhead of individual feedback increases linearly with the number of cooperating cells. It allows eNodeB to schedule cells with good channel quality for UE’s data transmission. This also gives eNodeB the flexibility to discard some cells in CRS when the system overload is high. However, it is difficult to calculate the integrated CQI from the individual CQI accurately. Take two cells as an example, the CQI of the first cell can be calculated as when SINR is used as the metric for CQI:

CQI1 = P1 / (P2 + N0 + I0)                                                        (1)

 and the CQI of the second cell is calculated as 
CQI2 = P2 / (P1 + N0 + I0)                                                          (2)

where P1/2 indicates the UE received power of the cell 1/2, N0 is the background noise, I0 denotes the interference from other cells out of transmission cells. For joint processing(non-coherent transmission), the integrated CQI reads 
CQI = (P1 + P2) / (N0 + I0).                                                         (3)

It is hard to obtain the integrate CQI from CQI1 and CQI2 without the knowledge of the sum of noise and interference N0 + I0, especially when P1 and P2 are of similar level and much greater than N0 + I0. Besides, the joint processing scheme can provide some more SINR gain on top of the gain in (3), i.e., the integrated CQI may be different from (3) according to the exact cooperation scheme and channel state. This makes it even more difficult to calculate the integrated CQI accurately at the eNB side. A possible solution is to define CQI as the signal to noise ratio and/or to feedback the background noise plus interference level along with CQI. 
For transmission schemes that different cells transmit different data streams, the CQI does not need to combine at transmitter side, and hence individual feedback seems better. 
Observation:
· The feedback overhead increases linearly with the number of cooperating cells.
· It is difficult to predict the channel quality of actual transmission accurately.
2.3. Mixed feedback

To better balance the scheduling flexibility and performance, mixture of integrated CQI and CQI of single cell can be fedback. For example, integrated CQI and CQI of anchor cell can be fedback. The scheduler is then free to choose between joint transmission and single cell transmission from anchor cell. The tradeoff between the increased overhead and the performance improvements should be studied further. Differential encoding can be employed to reduce the overhead. For coordinated scheduling, the CQI of anchor cell when interference are properly controlled can be viewed as a kind of integrated CQI, and the CQI without interference control is the conventional single cell CQI. Mixed feedback helps the scheduler make the right decision when the coordination fails.
The CQI feedback schemes are summarized in Table I.
Table I Summary of CQI Feedback Schemes

	
	Integrated
	Individual
	Mixed

	Feedback overhead
	Low
	Increases linearly with the number of cells
	Medium

	Accuracy when integrated CQI is needed
	Better
	Worse
	Better

	Constraint on scheduling flexibility
	Yes
	No
	Medium

	Application scenario
	JP
	JP
	CS and JP


3. Feedback of PMI

Each of the cell site in CRS could get the precoding matrix by UE feedback. In case of UE feedback, the Precoding Matrix Indicator(PMI) instead of the precoding matrix itself is feedback. For different transmission techniques, the precoding matrix of each cell could be calculated either on per cell basis or as a whole. Consequently, feedback of PMI should be treated respectively according to different transmission techniques.
3.1. No PMI
In TDD configuration, eNodeB could acquire instantaneous downlink channel state information via uplink measurement, then the downlink precoding matrix can be obtained based on the information without feedback. 
AoA information can also be exploited to calculate the beamforming weight in both TDD and FDD configuration as long as the antenna setup is of small distance. In joint processing, beams of cooperating cells may be formed toward the intended UE, while beams are formed to avoid interference in coordinated scheduling/beamforming.
Also, for open loop transmission, no precoding matrix feedback is needed.
3.2. Single PMI
For global precoding, transmit antennas of cooperating cells should be treated as a whole. The precoding matrix is selected from the “large” codebook, and thus a single PMI is feedback. This is an efficient way in terms of feedback overhead and the performance. In order to adapt to varying cooperating cells, codebooks of diverse sizes are needed. 
Another transmission scheme is the so-called SFN precoding with same precoder, i.e., all the cooperating cells use the same precoding matrix. In this case, a single PMI can be feedback.
3.3. Multiple PMIs
For transmission schemes that the precoding matrices are required on per cell basis, UE needs to feedback a PMI for each cell individually. The codebook of single cell transmission can be reused. The feedback overhead increases linearly with the number of cooperating cells. 
For joint processing, the PMI should be selected to enhance the signal quality at UE. A phase rotation factor for each cooperating cell is needed to ensure coherent combination, otherwise, non-coherent combination can be realized.
For coordinated scheduling/beamforming, the PMI of cells other than anchor cell can be selected to minimize the interference to the targeted UE.
Table II Summary of PMI Feedback Schemes

	
	No PMI
	Single PMI
	Multiple PMIs

	Feedback overhead
	No
	Low
	High

	Application scenario
	TDD; AoA based transmission scheme; Open loop transmission
	Global Precoding; SFN precoding with same precoder
	Both Joint Processing and Coordinated Scheduling

	CQI feedback
	Individual; Integrated; Mixed
	Integrated
	Integrated; Individual; Mixed


4. Conclusion

In this contribution, issues related to CQI/PMI feedback are studied. Various aspects of integrated, individual and mixed CQI feedback schemes are discussed. Mixed feedback seems better, since it reaches a better tradeoff between performance and feedback overhead. The PMI feedback scheme depends largely on the transmission schemes. In TDD configuration, channel reciprocity can be utilized to avoid the feedback of PMI. For global precoding scheme in FDD configuration, a single PMI is required and hence this is an efficient scheme in terms of feedback overhead and the performance.
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