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1 Introduction
The discussions on CoMP in the past meetings have made significant progress in what kind of feedback needs to be supported for efficient system operation. One issue that remains to be resolved is the size of the CoMP measurement set. This contribution presents system level results comparing the performance of joint transmission in combination with dynamic point banking for different sizes of the CoMP measurement set. 
2 Discussion

The performance of CoMP relies heavily on sufficiently accurate link adaption. CoMP may raise the SINR level of cell edge UEs but that would be of little value if the link adaptation is not able to capture the SINR increase and translate it into a corresponding throughput increase. A problem is that the burstiness of interference typically increases when CoMP is introduced, presenting a challenging environment for achieving accurate link adaption. Outer loop link adaption (OLLA) adjustment based on ACK/NACKs is commonly used to compensate for link adaption errors but because of the increase of the burstiness of interference, gains in SINR are often offset by a larger back-off in the outer loop adjustment, thereby producing small or no throughput gain in the end.

Observation

· Burstiness of interference often increase in case of CoMP compared with not using CoMP

· SINR gains due to CoMP may be lost by deteriorated link adaptation that in turn forces a larger OLLA back-off
· To achieve attractive CoMP performance gain, it is essential that the link adaptation can adapt to the interference hypotheses; that is, that there is CQI feedback for each relevant interference hypothesis

Observation:

· The number of interference combinations increase exponentially with the size of CoMP Measurement Set. 

· To capture all possible interference variations, also the number of reported CQIs need to increase exponentially

· The UE complexity of evaluating additional PMI feedback is substantial. Already a CoMP set size of 2 is challenging for UE implementation.

For a more thorough discussion on this see [1].

A CoMP Measurement Set size of two should be regarded as a base line assumption. A larger set size must be motivated by substantial gains and that the number of CQI hypotheses can be reduced without compromising the performance of the link adaptation or violating the design constraints of the work item description [2], such as that it should be applicable to DPB, DPS, as well as JT. 

3 Performance Comparison

System level simulations were conducted to assess the CoMP performance with respect to the size of the CoMP measurement set. The main assumptions are found in Table 1. The channel model is ITU based and is the same as the one used for the UE-to-macro channel in the heterogeneous deployments Scenario 3/4, including outdoor to indoor modeling. This is also well-aligned with the assumption in the DL MIMO study item [3].
Table 1: System level assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	CoMP Cluster
	3 sectors intra-site

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nrof RBs per subband
	6

	Average nrof UEs per point
	10

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Traffic model
	10 full buffer UEs per point

	Scheduling
	Implicit feedback based PFTF

	OLLA
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with no inter point IRC

	Feedback modes
	Based on 3-1 amended with various extensions for CoMP

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pol

	Macro antenna configuration
	3GPP Antenna, 2 Tx cross-pole, 15°downtilt

	Macro point transmit power
	40 W


Five different transmission schemes with corresponding CSI were evaluated. The first scheme is plain single point transmission (i.e., CoMP measurement size one), the other schemes are CoMP schemes with CoMP measurement size of two or three points. The rank is reused for all reports within a CoMP scheme and is determined by CSI for strongest point with interference from the second strongest point (and for the third point if the size of the measurement set is three). For all schemes, a CSI report contains wideband PMI and frequency-selective CQI.
1. Single-Point: No-CoMP based on SU-MIMO

2. Incoherent JT, size two, “JT 2P”: Incoherent JT based on per CSI-RS resource feedback

a. Three CSI feedback reports: two for the strongest TP corresponding to different interference hypotheses on the second strongest TP, one for the second strongest TP assuming no interference from the strongest TP. 

3. Incoherent JT, size three, “JT 3P”: Incoherent JT based on per CSI-RS resource feedback

a. Seven CSI feedback reports: four for the strongest TP corresponding to different interference hypotheses on the second and third strongest TP, two for the second strongest TP assuming no interference from the strongest TP, and one for the third strongest TP. 

4. Dynamic Point Blanking, two point, “DPB 2P”: 

a. Two CSI feedback reports: Transmission from the strongest point and interference on/off on the second strongest transmission point.

5. Dynamic Point Blanking, three point, “DPB 3P”: 

a. Four CSI feedback reports: Transmission from the strongest transmission point and four possible interference patterns on the second and third transmission points within the intra-site cluster.
To reduce complexity requirements none of the five cases exploit multi-user operation (neither MU-MIMO nor multi-user JT). This is well inline with the considered antenna setup of a 2 Tx cross-pole for which it is difficult to get any MU-MIMO gains since there is no correlation between the antenna branches.
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Figure 1: Results for served traffic and 5%-ile user throughput.

As can be seen from the results most of the CoMP gains are realized using a CoMP measurement set of size two. 

Observation:
· The performance difference between size two and three of CoMP Measurement Set is marginal in relation to the increased feedback overhead
It can be concluded from the evaluation that there is only a marginal performance difference between CoMP Measurement Set size 2 and 3, and the excessive additional overhead for size 3 cannot be motivated.
Proposal:


The size of the CoMP Measurement Set is limited to 2

4 UE Complexity Reduction in case of larger CoMP Measurement Sets

In case a larger than size two CoMP Measurement Set size is agreed, measures should be taken to ensure that the peak CSI processing requirement in the UE can be dimensioned at a reasonable level. The processing time allowed for a UE between a measurement and a reporting instance is given by the CSI reference resource, which occurs 4 subframes prior to the time frame in which the CSI report is transmitted (or the first valid downlink subframe prior to this instance). This gives the UE 3 subframes for processing a CSI report.

If larger than size two CoMP Measurement Set are agreed then the CSI reference resource should allow for more processing time, at least when more than a certain number of CSI processes are configured for reporting. For example, the CSI reference resource could occur 6 subframes prior to the subframe of the CSI report if more than 4 CSI processes are configured, which would extend the processing time from 3 to 5 subframes for the UE.

Proposal:

· Address peak processing requirement for CSI reporting by adapting the CSI reference resource when a large number of  CSI processes are configured

5 Conclusions

This contribution presented system level evaluation results comparing different CoMP schemes of different sizes of the CoMP measurement set (size two or three). The following was observed

· Burstiness of interference often increase in case of CoMP compared with not using CoMP

· SINR gains due to CoMP may be lost by deteriorated link adaptation that in turn forces a larger OLLA back-off
· To achieve attractive CoMP performance gain, it is essential that the link adaptation can adapt to the interference hypotheses; that is, that there is CQI feedback for each relevant interference hypothesis
· The number of interference combinations increase exponentially with the size of CoMP Measurement Set
· To capture all possible interference variations, also the number of reported CQIs need to increase exponentially.
· The UE complexity of evaluating additional PMI feedback is substantial. Already a CoMP set size of 2 is challenging for UE implementation.
· The performance difference between size two and three of CoMP Measurement Set is marginal in relation to the increased feedback overhead 
and based on that we propose

· The size of the CoMP Measurement Set is limited to 2
· Address peak processing requirement for CSI reporting by adapting the CSI reference resource when a large number of  CSI processes are configured
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