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1
Introduction

The following working assumption was agreed in RAN1#68: 
“Introduce CSI-RS based received signal quality measurement (e.g. RSRP) and reporting, at least for the following purpose:

· CoMP measurement set management for CSI feedback (according to the definition in TR36.819).”
One remaining issue related to CoMP measurement sets is its (maximum) size. In this contribution we provide our views on CoMP measurement set size. 
2
CoMP measurement set
CoMP measurement set is defined in TR 36.819 as follows:

“CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported”
First issue related to the CoMP measurement set size is the hearability of the points. Typically the average received signal strengths (e.g. RSRPs) of the points within the CoMP measurement set would be within a certain power window compared to the signal strength of the serving point. However, we note that the detectability of the points limits this power window. For example based on the current measurement requirements in [2], the UE is supposed to detect cells up to 6 dB lower than the serving cell, i.e. cells whose Es/Iot ≥ -6 dB. If the cells can not be detected, they are not measured and hence can not be added to the CoMP measurement set. Furthermore, as also shown later in this paper, it is far from clear whether adding very weak cells/points to the CoMP measurement set would even be beneficial from performance perspective when taking into account also practical measurement accuracy. We note that the measurement requirements only provide an accuracy range for the measurements: for example, in intra-frequency case for relative RSRP measurements (i.e. RSRP measurements to compare signal strength between two points), the accuracy requirement is ±3 dB, which means that individual cell measurements may be off by several dBs.
Alternatively to RSRP point selection, one can utilize uplink sounding based on SRS. This functionality is believed to be beneficial specifically in CoMP scenario 4 where CRS is sent in SFN manner from all points under the same cell ID.  
Figure 1 shows the hearability of different points in different scenarios. There is only a very low probability that three points would be within any feasible power window. Most of the time only two points would be within the power window. Based on this it would seem that it may be sufficient if two CSI-RS resources can be included in the CoMP measurement set.
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Figure 1. Probabilities of having x number of points within certain received power window in different scenarios.

Moreover, even if a certain number of points is included within the CoMP measurement set, the eNB scheduler will still do the final decision about the cooperating set. For the scheduler to actually schedule a UE to CoMP mode, the CoMP CQI, either aggregated CQI or a CQI derived from per CSI-RS resource CQIs, essentially needs to result in a better scheduling metric compared to a (sum of) corresponding single point scheduling metric(s). Hence, even if very weak cells/points would be included in the CoMP measurement set, after scheduling decisions those might never end up in the actual cooperating set.
Observations:

· Detectability of the cells/points would in practice limit which cells/points can be included in the CoMP measurement set.

· Measurement inaccuracies might further reduce the benefits of including very weak cells/points in the CoMP measurement set.

· Number of cells/points within practical received power window in the scenarios of interest tends to be low (2-3).
The number of configured points in measurement set needs to be reflected in performance gains. In this respect, any additions to more than two points should provide performance benefits corresponding to the generated feedback overhead. In Table 1 we present performance results for DPS schemes with two and three points, in scenario 3 configuration 1. DPS is a CoMP scheme where an additional transmission point could expect to bring gains as it increases the diversity for selecting the transmission point. For example, in case of JT transmission, it would be less likely to have the case where it is more beneficial to use three points for one user than two. Also the number of combiners increases in case of coherent JT.

Table 1. System level performance comparison for DPS without muting with different number of points in CoMP measurement set. 2x2 SU-MIMO Scenario 3/4 configuration 1 without eICIC.

	Scenario 3/4 configuration 4
	Average TX-point spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz/UE]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	SU-MIMO
	1.844
	0.0370
	-
	-

	DPS, 2 points
	1.817
	0.0430
	-1.4%
	+16.2%

	DPS, 3 points
	1.815
	0.0429
	-1.5%
	+15.9%


From results in Table 1 we note a complete lack of gains from using three points compared to two points in the measurement set, at the expense of +50% feedback overhead increase. Such lack of gains is somehow expected as the hearability of three points is rather low to start with. DPS with muting is also the basic implementable CoMP scheme, hence support for this technique should be the baseline in assessing the specification of enhanced CoMP schemes. 
Observations:

· No performance gains are obtained from using more than two points.

· However, CSI feedback load is increased.
In addition, limiting factors of the CoMP measurement size are UE CSI measurement and processing complexity, and also the uplink overhead required for the corresponding reporting. Setting the UE to blindly measure CSI-RS, derive feedback and transmit feedback in uplink for all points that happen to appear within the power window leads to unnecessary UE complexity, power consumption and possible wasting of uplink resources. Already single-point aperiodic CSI feedback is considered as a significant burden for the UE feedback computations, and now in Release 11 the UE is expected to compute per-CSI-RS resource feedback for multiple points, possibly complemented by additional inter-CSI-RS resource feedback within the same CSI feedback processing time. Clearly relaxation to the processing time should be sought, especially if CoMP measurement set size is more than two.
Proposals: 

· Limit the number of configured CSI-RS resources within the CoMP measurement set to two.
· I.e. CoMP CSI feedback designed for up to two CSI-RS resources.
· Consider relaxations to UE CSI feedback processing in terms of increased feedback processing time at least when UE is configured with multiple CSI-RS resources for CSI feedback.
3
Conclusions

In this contribution we have addressed management of CoMP sets. We have the following proposals:
Proposals: 

· Limit the number of configured CSI-RS resources within the CoMP measurement set to two.
· I.e. CoMP CSI feedback designed for up to two CSI-RS resources.
· Consider relaxations to UE CSI feedback processing in terms of increased feedback processing time at least when UE is configured with multiple CSI-RS resources for CSI feedback.
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Appendix A – Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	CoMP Scenario 1&2: 3GPP SCM

CoMP Scenario 3 Conf 1 & 4 : ITU UMa for macro, UMi for low power node

	Carrier frequency
	2.00 GHz

	Deployment scenarios
	CoMP Scenario 1 according to 36.819. Coordinated points 3 macros

CoMP Scenario 2 according to 36.819. Coordinated points 21 macros

CoMP Scenario 3 Conf 1 & 4 according to 36.819. Coordinated points 3 macros + 12 picos

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	CoMP reporting threshold
	6dB (RSRP)

Max. 2 or 3 reported points in all scenarios

	Number of UEs
	CoMP Scenario 1 & 2: Average 10UE / Tx Point / Uniform dropping

CoMP Scenario 3 Conf 1: 25UE / macro geographical area / Uniform UE dropping

CoMP Scenario 3/4: 30UE / macro geographical area. / Clustered Dropping

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	Option 1

	Channel estimation for feedback
	CSI-RS based

	Channel estimation for demodulation
	Realistic (AVI table)

	UE Feedback
	Rank indicator

Subband CQI ( 6 PRB) and wideband PMI (Release 8 CB), 6 ms delay and 10ms interval

ACK/NACK, delay 6 ms

	Scheduler
	TD-FD: PF-PF

	Traffic model
	Full buffer

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead

DM-RS: 12/24 RE/PRB for 1-2/3-8 orthogonal DM-RS ports

CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 4 retransmission, chase combining


