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1 Introduction

The agreements until RAN1#68 for CoMP CSI feedback are 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.

Although per-CSI-RS-resource feedback was agreed, its details are still under discussion. Since the definition of CoMP set largely impacts many aspects of per-CSI-RS-resource feedback, such as feedback overhead and implementation flexibility, etc., clarifications on this issue should be provided, which is the topic of this contribution.
2 Discussion on CoMP set
As mentioned in [2], high priority should be given to “Focus the standardization efforts on finalizing the many open issues of per CSI-RS resource feedback and interference estimation”. Moreover, many companies consider that the issues on CoMP set may be a starting point on defining the details for per-CSI-RS-resource feedback.
2.1 CoMP cooperating set
2.1.1 The size of CoMP cooperating set
It was shown in many contributions that promising CoMP gain can be achieved even when the number of cooperating TPs is equal to two [3] [4].
A large variance in the received power at UE has a significant negative impact on CoMP performance, since the TP from which a low power is received can provide little contribution for CoMP and thus has negative impact for average throughput performance. Thus, it is better not to include the TPs yielding low received power in the cooperating set.
Moreover, from statistical perspective, the more TPs are included in the cooperating set, the fewer UEs, which simultaneously satisfy the constraint of small-variance received power from all TPs, can be found in the network. In other words, if the size of cooperating set is large, the number of CoMP UEs served by the cooperating set will be small. This would unnecessarily restrict the number of UEs that may enjoy CoMP service, and thus affect the system’s achievable cell-edge performance.
In addition, synchronization as well as CSI impairments will significantly degrade CoMP performance, if a large size of cooperating set is designated.

Therefore, we think that 2 to 3 TPs in a cooperating set seem to be enough for achieving most of CoMP gain.
On the other hand, a larger cooperating set size will increase the feedback overhead and complexity at both eNB and UE. The number of bits used for PMI increases linearly proportional to the number of TPs, as well as to the range of PMI search space. Furthermore, for global precoding of JT, the PMI search space expands exponentially proportional to the number of TPs. For example, if cooperating set has 4 TPs, each of which has 4-Tx, the total number of candidate composite PMIs for global precoding reaches as large as 164. If the inter-TP phase information (even only 2-bit inter-TP phase) is considered, the number of PMI candidates will be much huger.
In Table 1, we provide some simulation results for Scenario 2, where three cells were considered. From the simulation results, we can observe that there is some loss in cell-average throughput of SU-JT compared with non-CoMP. This may be due to the excessive resource occupation by CoMP UEs in the network. Nonetheless, the loss associated with the size-2 cooperating set in comparison to the size-3 cooperating set is smaller. For global precoding, cooperating-set-size-2 even has higher gain in cell-edge throughput than cooperating-set-size-3, which shows that more cooperating TPs may not necessarily bring more CoMP gain. The simulation results of CS/CB also show that two cooperating TPs offered more cell-edge gain than three cooperating TPs did.
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 = 3
	-8.13%
	16.94%

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

	SU-JT, global precoding (no inter-TP phase information), cooperating set size = 3
	-8.41%
	34.68%

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

	CS/CB,  cooperating set size = 3
	-1.18%
	15.76%

	CS/CB,  cooperating set size = 2
	-2.04%
	31.77%


Table 2: Simulation results for Scenario 1.
	
	Cell-average gain
	Cell-edge gain

	Non-CoMP
	0%
	0%

	SU-JT, local precoding, cooperating set size = 3
	0.08%
	6.17%

	SU-JT, local precoding, cooperating set size = 2
	1.73%
	12.29%

	SU-JT, global precoding (no inter-TP phase information), cooperating set size = 3
	-9.08%
	-6.22%

	SU-JT, global precoding (no inter-TP phase information), cooperating set size = 2
	-1.16%
	8.47%

	CS/CB,  cooperating set size = 3
	-1.51%
	-4.34%

	CS/CB,  cooperating set size = 2
	1.19%
	2.03%


Based on the above analysis and simulation results, we suggest that:

Proposal 1: The size of the CoMP cooperating set should be restricted to 2 or 3 in Rel-11, where the size of 2 has higher priority.
2.1.2 Selection of CoMP cooperating set
It is a common sense that the cooperating set is down-selected from the CoMP measurement set, which may also be referred to as ‘clustering’. Clustering has been discussed in some contributions, e.g. [5]. As mentioned in the contribution, there are three alternatives for clustering:

· Alt-1: Semi-static clustering based on RRC signaling;
· Alt-2: Dynamic clustering based on DL grand mechanism;
· Alt-3: Combination of semi-static and dynamic clustering based both RRC signaling and DL grand mechanism.

Alt-2 has the advantage of having the flexibility to exploit the frequency and/or time selective properties of the channel, but has the drawback of costly signaling overhead. Alt-1 is lack of flexibility, but can save signaling overhead. For Alt-3, an ‘initial cluster’ is first selected and informed to UE by eNB through RRC signaling. Then UE will down-select a subset from the cluster as preferred candidates for coordinating set. In our view, Alt-3 may be unnecessarily more complicated without providing additional clustering gain, especially in case that the size of measurement set is not much larger than the size of cooperating set (which is our recommended configuration in Section 2.2).
Thus, we think the candidates of clustering method should be selected from Alt-1 and Alt-2, which could be decided by eNB according to some facts, such as UE moving speed, frequency selective gain etc. We propose that:
Proposal 2: Semi-static clustering or dynamic clustering is decided by eNB.
For Alt-2, if per-TP CQI is employed, eNB can dynamically choose the cluster by per-TP CQI. But if aggregated CQI [6] is employed, eNB can hardly decide the cluster from aggregated CQI. In this case, UE can report the preferred clustering aiming to achieve some clustering gain at subband and/or TTI level. The final clustering decision however should be made by eNB. This is natural, since eNB could collect and synthesize a lot of information, such as CQI, clustering report, RSRP etc. before making a viable decision. Thus we propose:

Proposal 3: No matter for semi-static clustering or for dynamic clustering, the final decision on clustering should be made by eNB.
As mentioned above, for Alt-2 with aggregated CQI employed, UE can report the preferred cluster to eNB. If the measurement set’s size is at most 4 and the cooperating set’s size is at most 3, the UE only needs 3 bits to report the preferred cluster as subset of the measurement set. Since the reporting of preferred cluster does not have a large overhead, this new type of reporting may be standardised without significant standardization efforts.

Proposal 4: Reporting of the preferred cluster could be supported in CoMP for Rel-11.
2.2 CoMP measurement set
There have been some discussions on the size of CoMP measurement set. Some companies proposed that the size should be at most two, from the perspectives of UE complexity, feedback overhead and achievable CoMP gains [7] [8].

However, it was aslo suggested that the size of measurement set should be no more than four, considering the tradeoff between full exploitation of CoMP gains and low UE complexity [9]. In [9], it shows that the percentage of CoMP UEs with different sizes of measurement set and different thresholds. The observation was that the number of CoMP UEs will be too small to fully achieve CoMP gain, if the size of measurement set is too small. Naturally, it would be more flexible if the size of measurement set is larger than that of cooperating set. In this case, cooperating set can be down-selected from measurement set in the dynamic or semi-static way, which provides further clustering gain.
In our view, if the size of measurement is restricted to the cooperating set, the flexibility and possible clustering gain would be reduced. Therefore, we suggest that the size of measurement set can be slightly larger than the size of cooperating set for achieving a reasonable gain-complexity tradeoff. An appropriate choice for the maximum size of measurement set is 4.
Proposal 5: The size of CoMP measurement set is no more than 4 for CoMP in Rel-11.
3 Conclusion
In this contribution, we discuss the CoMP cooperating set and CoMP measurement set. The conclusions are:
Proposal 1: The size of the CoMP cooperating set should be restricted to 2 or 3 in Rel-11, where the size of 2 has higher priority.
Proposal 2: Semi-static clustering or dynamic clustering is decided by eNB.

Proposal 3: No matter for semi-static clustering or for dynamic clustering, the final decision on clustering should be made by eNB.

Proposal 4: Reporting of the preferred cluster could be supported in CoMP for Rel-11.

Proposal 5: The size of CoMP measurement set is no more than 4 for CoMP in Rel-11.
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5 Appendix
5.1 Simulation assumptions
Table 3: 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 Case 1

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

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU-JT and CS/CB

Rank-1 SU-MIMO transmission

	Impairments modeling
	- 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
	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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