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1 Introduction

The agreements until RAN1#68 for CoMP CSI feedback are listed as follows [1]:
Definition: “CSI-RS resource” here refers to a combination of “resourceConfig” and “subframeConfig” which are configured by higher layers.

Working assumption from RAN1#66bis:

· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to be composed from one or more of the following, including at least one of the first 3 sub-bullets:

· feedback aggregated across multiple CSI-RS resources 

· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback 

Note that use of SRS may be taken into account when reaching further agreements on the above. 
Agreement from RAN1#67:

· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

Whether to support aggregated feedback for CoMP is still under discussion. In this contribution, we will analyze this issue and provide our opinions.
2 Support of aggregated feedback
Aggregated feedback means that one unique PMI represents the preferred precoder for all cooperating TPs, no matter the antenna ports are mapped into a single or multiple CSI-RS resources. In general, aggregated feedback is considered as the opposite side of per-CSI-RS-resource feedback. Although per-CSI-RS-resource feedback has been adopted for supporting Rel-11 CoMP, the feasibility of supporting aggregated feedback is not precluded. In our view, aggregated feedback for JT with legacy codebooks can work in Rel-11 with reasonable standardization efforts. In the next sections, we will discuss aggregated feedback in details.
2.1 Aggregated feedback with legacy codebooks
At the RAN1#66bis and RAN1#67 meetings, the main issues of aggregated feedback need significant standardization efforts. The main concern on standardization efforts is the need of defining lots of new codebooks as an extension to legacy codebooks. As also supported by many companies at RAN1#66bis and RAN1#67 meetings, restricting the aggregated feedback within the support of legacy codebooks (e.g. 2Tx, 4Tx and 8Tx) is a good compromise in terms of CoMP performance and standardization efforts.
As an example, in Table 1 we show the performance results of aggregated feedback with legacy codebooks for SU-JT. The simulation assumptions are provided in Appendix. From the simulation results, we can see that aggregated feedback has a higher gain in cell-edge throughput than per-TP feedback with local precoding. For 4-Tx per-TP configuration, the codebook used in aggregated feedback is DFT type codebook of Rel-10 8Tx codebook. Since DFT type codebook is not suitable for low correlated antennas, and the antennas from different TPs have a low correlation, the aggregated feedback performance is not optimum in this case. But in some other cases, such as 2-TP cooperation with 2-Tx antennas on each TP, aggregated feedback has competitive gains with per-TP feedback with global precoding, since 4-Tx codebook has good performance for low-correlated antennas.
Therefore, we suggest:

Proposal 1: The aggregated feedback for CoMP should be limited to the scope of legacy codebooks.
Table 1: Simulation results for Scenario-2 with a 3-cell coordination area.
	
	Cell-average gain
	Cell-edge gain

	Non-CoMP
	0%
	0%

	SU-JT, local precoding, cooperating set size = 2
	-8.92%
	10.61%

	SU-JT, global precoding (no inter-TP phase information), cooperating set size = 2
	-.8.47%
	36.45%

	SU-JT, global precoding, aggregated feedback, cooperating set size = 2
	-11.63%
	11.30%


Table 2:  Simulation results for Scenario1.
	
	Cell-average gain
	Cell-edge gain

	Non-CoMP
	0%
	0%

	SU-JT, local precoding,  per-TP feedback without inter-TP phase information, cooperating set size = 2
	1.73%
	12.29%

	SU-JT, global precoding, per-TP feedback without inter-TP phase information, cooperating set size = 2
	-1.16%
	8.47%

	SU-JT, global precoding, aggregated feedback, cooperating set size = 2
	-0.93%
	11.81%


2.2 Aggregated feedback for enhanced DL MIMO
Since aggregated feedback contains the correlation information between TPs, it becomes readily suitable for coherent JT. However, whether it is also suitable for single-point transmission CoMP schemes (i.e. DPS and CS/CB) needs further studies. One may argue that the legacy codebooks could be divided into multiple small-sized codebooks to facilitate DPS and CS/CB. Unfortunately, the design of the legacy codebooks does not consider CoMP scenarios and thus they are not optimized for DPS and CS/CB. Furthermore, the performance of such separate down-sized legacy codebooks has not been justified yet.

Observation 1: Aggregated feedback is suitable for coherent JT.
JT can be regarded as a special case of the enhanced DL MIMO schemes, as the application of distributed antennas is the main technical direction for enhanced DL MIMO. For example, in Scenario 4, aggregated feedback can be used for DL MIMO. More specifically, since the antennas of different TPs are geographically distributed, these TPs together could form a special case of DL MIMO, e.g. Scenario B defined in the context of enhanced DL MIMO [2]. Note that the issues for geographically separated antennas have been widely discussed in the enhanced DL MIMO SI with some progress, such as on the rank reporting error issue [1]. On the other hand, one may argue that mapping antenna ports to multiple CSI-RS resources has not been discussed in DL MIMO topic. However, mapping antenna ports of different TPs to multiple CSI-RS resources is only an implementation-specific issue, or at least has very limited standardization impact. Thus, we believe discussing the aggregated feedback across multiple CSI-RS resources in DL MIMO field would reduce the standardisation efforts.
Proposal 2: Considering the tight Rel-11 schedule, it is also an option to discuss aggregated feedback across multiple CSI-RS resources in the context of DL MIMO.
If aggregated feedback is supported, the Rel-10 reporting mechanism such as PUCCH format and reporting format etc. can be reused for aggregated feedback, since only one PMI needs to be reported. Therefore, we suggest:
Proposal 3: If aggregated feedback is supported, the reporting signaling can fully reuse that of Rel-10.
3 Conclusion
In this contribution, we discuss the aggregated feedback for CoMP. The conclusions are as follows:
Proposal 1: The aggregated feedback for CoMP should be limited to the scope of legacy codebooks.
Proposal 2: Considering the tight Rel-11 schedule, it is also an option to discuss aggregated feedback across multiple CSI-RS resources in the context of DL MIMO.
Proposal 3: If aggregated feedback is supported, the reporting signaling can fully reuse that of Rel-10.
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Appendix: Simulation assumptions

Table 2: Simulation assumptions.
	Parameter
	Values used for evaluation

	Performance metrics
	Cell average throughput, cell-edge user throughput

	Deployment scenarios
	Scenario 1 and Scenario-2

	Simulation case
	3GPP Case1

	High power RRH Tx power (Ptotal)
	46 dBm on a 10MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU-JT

Rank-1 SU-MIMO transmission

	Impairments modelling
	- no CRS-PDSCH collision

- timing error = 0 us
- zero frequency offset

	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 4 REs/RB for CSI-RS, 12 REs/RB for DM-RS, 2 CRS ports

	Scheduler
	Centralized scheduling including UE pairing under PF metric

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	Cross-polarized on each column, closely-spaced

	Antenna pattern
	3D

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi in 3GPP Case 1

	Feedback scheme
	Aggregated PMI feedback (Rel-10 8Tx codebook)
Per-CSI-RS-resource PMI feedback (Rel-10 4Tx codebook) without inter-CSI-RS-resource feedback

	Feedback subband size
	5 RBs

	CQI
	Aggregated CQI

	Channel estimation
	CSI-RS: Ideal

DM-RS: Ideal

	UE receiver
	MMSE-IRC receiver

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer

	Backhaul assumptions
	Point-to-point fibre, zero latency and infinite capacity

	Link adaptation
	Non-ideal
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