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1 Introduction

For CoMP schemes that require feedback, a feedback framework is included in Rel-11 WID for CoMP [1]: 

· Individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded.
It is desired that the multi- point feedback could utilize the single point feedback as much as possible while keeping in mind the trade-off between feedback overhead and the corresponding performance. A hierarchical feedback structure with individual per-point feedback as baseline might be used to balance the feedback overhead reduction and the commonality among the feedback for non-CoMP, CS/CB, DPS and JT as well as the feedback for various numbers of points.
In this paper, hierarchical feedback will be illustrated, some performance evaluation results of feedback will also be given, and feedback design principles based on hierarchical structure are proposed.
2 Common feedback framework with hierarchical structure 
The hierarchical feedback structure means that one CoMP scheme is supported by the feedback for other CoMP scheme with complementary information. As an extension of single point MIMO feedback, hierarchical feedback should ensure to maximize commonality with the feedback for CoMP (multi-point) and non-CoMP (single point) CSI feedback.

Starting from single point CSI feedback, two potential hierarchical feedback methods for multi-point MIMO are depicted in figure 1. 
· Method1: 
· Feedback CQI/PMI/RI with or without covariance matrix R of serving point PMI, to support single-point SU/MU-MIMO;  
· Additionally feedback PMI of each neighbour point, to support CS/CB;
· Additionally feedback

· complementary inter-point information W, to support JT,  where W could be inter-point phase and/or amplitude information;
· or CQI of each neighbour point, to support DPS.
· Method2: 
· Feedback CQI/PMI/RI with or without covariance matrix R [2] of serving point PMI, to support single-point SU/MU-MIMO;  

· Additionally feedback long term channel covariance matrix R of each neighbour point, to support CS/CB;
· Additionally feedback

· short term complementary inter-point information W, to support JT,  where W could be inter-point phase and/or amplitude information;
· or CQI/PMI of each neighbour point, to support DPS.
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B. Method2

Figure 1 hierarchical feedback structure 
Per-point RI/PMI/CQI could reuse RI/PMI/CQI defined in Rel-10. Long-term covariance matrix R and inter-point information W are new specification aspects that need to be defined in Rel-11. From Figure 1, we can see that Method 1 could reuse single-point CSI feedback defined in Rel-10 as much as possible, and Method 2 could reduce feedback overhead for CS/CB/JT because no PMI is needed for neighbour points. More details are described in Appendix A.
This common feedback framework with hierarchical structure aligns with the baseline proposal in the TR 36.819, in which CS/CB/DPS schemes could be supported by per-point CSI feedback while the JT could be supported by per-point CSI and complementary inter-point information to provide higher performance gain. It also enables the eNB to flexibly select the transmission schemes and transmission points, if the UE reports the per-point CSI and complementary inter-point information. 
Furthermore, aggregated CSI feedback reusing the existed Rel-10 codebook [3] could be regarded as an extension of the per-point feedback and can be used as a complement to the per-point feedback. When using the aggregated CSI feedback, CSI-RS ports configured on multiple points could be regarded as an ensemble to which the subsequent CSI feedback corresponds.
For multi-point feedback design principles, we propose:

· Common feedback framework with hierarchical structure for different schemes:

· Serving point CSI/CQI feedback as in Rel-10 TM9 or enhanced MU-MIMO in Rel-11 (e.g.  RI/PMI or R/RI/PMI with adaptive codebook)

· Additional CSI feedback (e.g. RI/PMI or R) for each point in the measurement set, common to all CoMP schemes

· Additional feedback configured for a UE to report:

· Either complementary inter-point information for multiple points (e.g. inter-point phase and/or amplitude information), to support JT
· Or complementary per-point CQI for multiple points, to support DPS.
Using method 2 as an example, system-level evaluation is provided in Appendix B. More evaluation results are provided in [4][5]. From the evaluations in Figure 3 and 4, it is shown that the inter-point CSI is important for JT performance and 4 bits may be provide a good compromise between performance and overhead for the feedback of the relative phase/amplitude offset information. Method 2 is a feasible and well-defined CoMP feedback scheme that could show substantial gain with affordable feedback overhead.
· 4 bits to convey the inter-point relative phase/amplitude offset provide a good trade-off between overhead and performance

For single point CQI, only the single point transmission is assumed, i.e. transmission from the reported point and interference from other points is considered. In case of CoMP CQI feedback, the CQI reflects the hypothesis after CoMP processing, i.e. the CoMP transmission and interference coordination among multiples points is reflected in the CQI. The eNB may adjust the CQI or MCS accordingly in actual transmission. If a UE is configured with CoMP transmission mode, it may feedback CQI for serving cell with CS/CB hypothesis, individual CQI for multiple points (including serving point and blanking assumptions) with DPS hypothesis and a joint CQI with JT hypothesis. Sensitivity analysis to the CQI feedback for single point and aggregated CQI feedback for multiple points is required to arrive at a conclusion. 
· Additional aggregated CoMP CQI feedback for JT, CS/CB and DPS with point blanking is FFS

It should be noted that due to the lack of studies on interference measurements and feedback to support dynamic point blanking, it is unclear whether feedback to support dynamic point blanking can fit within the hierarchical feedback structure. Support of dynamic point blanking along dynamic point selection could rely on the same CQI feedback per point. More investigations on point blanking are required to arrive at a conclusion. 
· Additional feedback to support dynamic point blanking is FFS
3 Conclusion

Starting from single point CSI feedback, this contribution discusses how to extend to multi-point feedback with hierarchical structure. Two candidate methods are proposed:
· Method1: Feedback per-point PMI with inter-point information W, and additional per-point CQI.
· Method2: Feedback long term R of each neighbouring point with short term inter-point information W, and additional per-point CQI/PMI.
For multi-point feedback design principles, we propose:

· Common feedback framework with hierarchical structure for different schemes:
· Serving point CSI/CQI feedback as in Rel-10 TM9 or enhanced MU-MIMO in Rel-11 (e.g.  RI/PMI or R/RI/PMI with adaptive codebook)
· Additional CSI feedback (e.g. RI/PMI or R) for each point in the measurement set, common to all CoMP schemes
· Additional feedback configured for a UE to report:
· Either complementary inter-point information for multiple points (e.g. inter-point phase and/or amplitude information), to support JT
· Or complementary per-point CQI for multiple points, to support DPS.
· 4 bits to convey the inter-point relative phase/amplitude offset provide a good trade-off between overhead and performance
· Additional aggregated CoMP CQI feedback for JT, CS/CB and DPS with point blanking is FFS

· Additional feedback to support dynamic point blanking is FFS
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Appendix A. Hierarchical Feedback Methods

This section analyzes the two potential feedback methods proposed in section 2. 
Assuming that the number of coordinated points is K, and the channel between these points and UE is represented by H = [H1, …, Hi, …, HK] where Hi  is a NRX ( NTX  channel matrix between NTX  transmit antennas of point i and NRX receive antennas of the UE. The number of transmission streams is assumed to be L.
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We will give more details about the two matrices [image: image5.wmf]b
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 in the following.

Method 1:

UE reports one PMI and the complementary inter-point information W for each coordinated point, where PMI is used to capture the per-point spatial direction and W is used to capture the relationship between coordinated point and serving point. In this method, Rel-10 PMI feedback mechanism could be reused, and the inter-point information (W) could be selected from a well-designed codebook such as constellation codebook or the other extended codebook. We should note that the codebook for PMI and W might be different. 

Take 4 TX antennas for an example, assuming that 4-bit codebook is used for PMI, and 4-bit intra point codebook is used for W, then the feedback overhead will be 4 bits for serving point and 8 bits for each neighbour point.

The details of this method can be described as the following steps:
Step 1: Separately select and feedback a codeword as Pi (i=1.., K) for each point from the codebook for PMI. 
Step 2: Jointly select [image: image7.wmf]i
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 (i=2..,K) from the codebook for W. The joint CSI can be represented as 
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could be selected from an aggregated codebook for W, or [image: image10.wmf]i
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 (i=2..,K) could be selected from a per-point codebook for W. 
Considering the RSRP difference among different points, large fading or RSRP of point i may be introduced to help to generate the joint CSI.
Method 2:

In this method, long-term covariance matrix R for each point and short-term subband complementary inter-point information is used to extend feedback scheme from single-point feedback to multi-point feedback. The inter-point information W could be selected from a well-designed codebook such as constellation codebook or the other extended codebook (a codebook example is listed in appendix B). 

Considering that covariance matrix R is long-term, the total feedback overhead will be reduced and might remain in a reasonable level. Take 4 TX antennas for an example, assuming that 4-bit codebook is used for serving point, and 4-bit codebook is used for W, then the short-term subband feedback overhead will be 4 bits for each point.

Assuming the number of transmission streams is 1, the details of this method can be described as the following steps:
Step 1: Individually feedback the wideband covariance matrix Ri of the ith cell in long term, and Ri could be fed back explicitly or obtained by channel reciprocity. From eigenvalue decomposition, we have [image: image11.wmf]H
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, where Vi (i=1.., K) is eigenvector of Ri , and D2i  is eigenvalue of Ri . To compress the feedback overhead, we can only use the largest M (1≤M≤NTX) eigenvalues and relevant eigenvectors.

Step 2: Select serving point PMI using single point feedback scheme, such as adaptive codebook [2]. Assuming that point 1 is the serving point, P1 is the codeword for point 1.

Step 3: Select [image: image12.wmf]i
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 (i=2..,K) from the codebook for W. 
The joint CSI can be represented as
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Considering we only use the largest M eigenvalues and relevant eigenvectors of Ri, and only use 1 transmission stream, as results, the size of Vi is NTX (M , the size of [image: image18.wmf]i
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An example of method 2 with two coordinated points is shown in Figure 2.
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Figure 2 Illustration of hierarchical feedback method 2
Appendix B. 4-bit codebook for multi-point short term W 

If we only use 1 transmission stream and only use the largest 1 eigen value and relevant eigen vectors of wideband long-term covariance matrix Ri in method 2, the size of [image: image22.wmf]i
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 will be 1x1. A potential 4-bit codebook for W can be represented as 
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This codebook is the same as 16QAM constellation, and it could be also used as a per-point codebook for W in method 1.    
Appendix C. Evaluation of inter-point phase/amplitude accuracy

When the UE is configured with the CoMP measurement set, it reports the CSI information of different points, where per-point feedback is needed to reflect the channel condition between the UE and the corresponding point, and inter-point phase/amplitude feedback is required to guarantee the performance benefits of JT. We have analyzed the impact of inter-point phase/amplitude information accuracy on the performance of JT, as shown in Figures 3 and 4. The abbreviation in brackets means different constellation codebook used for W (a constellation codebook example is listed in appendix B).
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Figure 3. Point average gain over single-cell MU-MIMO
[image: image27.png]cell edge gain over single cell MU-MIMO

50.00%
40.00%
30.00%
I [ ] |
et
IERNERN NRRREN
2x2 xpol 2x2ULA 4x2 xpol 4x2 ULA
H no phase ® 1bitphase (BPSK) M 2bit phase (QPSK) ~ m 3bit phase (8PSK)

W 4bitphase (16PSK) M 4bit phase (16QAM) M 5bit phase (32QAM)





Figure 4. Point edge gain over single-cell MU-MIMO
The simulations show that accurate inter-point phase information is important to obtain the benefit of JT. Compared with JT without inter-point phase/amplitude information, 4 bits feedback could offer as much as 5%~15% point average gain and 25%~45% point edge performance gain. 2 bits feedback also consistently provides more than 20% cell edge gain without degradation in cell average throughput. Diminishing returns in cell edge gain can be seen with more than 4 bits. So 4 bits seems to offer a good tradeoff between performance and overhead.
Table 2. System evaluation parameters

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 1: homogeneous network with intra-site CoMP

	Simulation case
	3GPP-Case1 with 15 degree angle spread 

	Number of UEs per point
	10

	Duplex mode
	FDD 

	System bandwidth
	10 MHz 

	transmission schemes in DL
	MU-MIMO with JT-CoMP

	Network synchronization
	3 sectors of the same site are synchronized

	Number of antennas at transmission point
	2 or 4

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH:

2 Tx antennas

1.
1 column, cross-polarized: X

2.
2 columns, closely-spaced co-polarized: | |

4 Tx antennas

1.
2 columns, cross-polarized on each column, closely-spaced: X X

3.
4 columns, co-polarized, closely-spaced: | | | |

	Antenna pattern
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2

	eNB Antenna tilt
	Follow 36.814 Annex A 2.1.1.1 Table A.2.1.1-2 

3D

	Feedback scheme
	Adaptive codebook, using short-term subband CSI (2 or 4 bits PMI) + long-term covariance matrix, for serving point;

Long-term channel covariance matrix plus short-term codebook-based CSI with x bits per sub-band per neighbor point; 

Long-term channel covariance matrix is obtained by channel reciprocity;
Inter point phase/amplitude information: 1bit-BPSK, 2bits-QPSK,  3bits-8PSK, 4bits-16QAM
4 bits subband CQI

	CSI feedback delay
	4ms

	CSI feedback period
	5 ms for short term;100 ms for long term

	Channel estimation
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	UE receiver
	MMSE option 1
Ideal channel estimation based on DM-RS 

	DL overhead assumption
	3 symbols for DL CCHs (2 symbols for DwPTS CCHs in TDD), 1 port CRS and 12 REs for DM-RS for both single-point MU-MIMO and CoMP
2 or 4 port CSI-RS with 5ms period; 
4 port x 1+ 2 port muting with 5ms period for 2Tx CoMP (assuming that 2-port CSI-RS patterns of 3 coordinated points can combine to form one 4-port CSI-RS patterns and one 2-port CSI-RS pattern), 4 port x 2 muting with 5ms period for 4Tx CoMP.

	Placing of UEs
	Uniform distribution for homogeneous networks

	Criteria for CoMP
	RSRPserving_point  – RSRPcoordinate_point < 20dB

	Scheduler
	Greedy + Proportional Fair

	Precoding Scheme 
	Zero Forcing

	Number of simultaneous UEs
	Adaptive, at most 2UEs/point for 2Tx, 4UEs/point for 4Tx

	Traffic model
	Full buffer 

	Backhaul assumptions
	Step 1: point-to-point fiber, zero latency and infinite capacity

	HARQ
	CC, Maximum 3 transmission 
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