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1
Introduction

The following agreement was taken in RAN1#68bis: 
“The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources – to be decided at RAN1#69. (independent of discussion on IMRs)"
In this contribution we provide our views on CoMP measurement set size. We analyze the added complexity and feedback load differencies between measurement set size of 2 and 3 CSI-RS resources. In the companion contribution [1] we have analyzed the CSI feedback processing complexity at the UE side in more detail.
2
CSI feedback for two and three CSI-RS resources
In the following we elaborate on CQI hypothesis and related complexity for two and three CSI-RS resources. In [2], several options for CQI and PMI computation have been presented. The full blown optimal feedback is shown in Table 1 for two CSI-RS resources, where full blown means that rank and thus PMI/CQI evaluation is done individually for all CQI hypotheses.
Table 1: Two CSI-RS resources: Four different CQI hypotheses for CS/DPS and
potentially one CQI hypothesis for JT.
	
	Desired Signal

Hypothesis
	Interference

Hypothesis

	1) 
	P1
	P2
	P1
	P2

	CQI report 1
	RI1/PMI1
	-----------
	Off
	On

	CQI report 2,
	RI2/PMI2
	-----------
	Off
	Off

	CQI report 3
	-----------
	RI3/PMI3
	On
	Off

	CQI report 4
	-----------
	RI4/PMI4
	Off
	Off

	(CQI report 5)
	RI5/PMI5
	RI5/PMI6
	Off
	Off


We note that the number of ranks, PMIs and CQIs to be computed, equals the number of CoMP hypotheses. This can be further simplified with reusing some of the per CSI-RS rank decisions and PMI values, as shown in Table 2.
Table 2: Two CSI-RS resources: Four different CQI hypotheses for CS/DPS and
potentially one CQI hypothesis for JT, with two distinct PMI reports and one RI report.
	
	Desired Signal

Hypothesis
	Interference

Hypothesis

	1) 
	P1
	P2
	P1
	P2

	CQI report 1
	Recommend

RI1/PMI1
	-----------
	Off
	On

	CQI report 2
	Reuse:

RI1/PMI1
	-----------
	Off
	Off

	CQI report 3
	-----------
	Reuse: RI1
Recommend: PMI3
	On
	Off

	CQI report 4
	-----------
	Reuse:

RI1/PMI3
	Off
	Off

	CQI report 5
	Reuse:

RI1/PMI1
	Reuse:

RI1/ PMI3
	Off
	Off


In Table 3 we show feedback options for three CSI-RS resources assuming reuse of RI or PMI selection where feasible. Also the interference (IMR) configurations needed to construct the CQIs are presented in the last column. The meaning of each configuration is given in Appendix C.
Table 3: Three CSI-RS resources: Different CQI hypotheses for CS/DPS and
potentially one CQI hypothesis for JT.
	
	Desired Signal

Hypothesis
	Interference

Hypothesis

	2) 
	P1
	P2
	P3
	P1
	P2
	P3
	Interference configuration1

	CQI report 1
	Recommend

RI1/PMI1
	-----------
	-----------
	Off
	On
	On
	CFG-4

	CQI report 2
	-----------
	Recommend

RI1/PMI2
	-----------
	On
	Off
	On
	CFG-5

	CQI report 3
	-----------
	-----------
	Recommend

RI1/PMI3
	On
	On
	Off
	CFG-6

	CQI report 4
	Reuse:

RI1/PMI1
	-----------
	-----------
	Off
	Off
	On
	CFG-7 

	CQI report 5
	-----------
	Reuse:

RI1/PMI2
	-----------
	Off
	Off
	On
	CFG-7

	CQI report 6
	Reuse:

RI1/PMI1
	-----------
	-----------
	Off
	On
	Off
	CFG-9

	CQI report 7
	-----------
	-----------
	Reuse:

RI1/PMI3
	Off
	On
	Off
	CFG-9

	CQI report 8
	-----------
	Reuse:

RI1/PMI2
	-----------
	On
	Off
	Off
	CFG-8

	CQI report 9
	-----------
	-----------
	Reuse:

RI1/PMI3
	On
	Off
	Off
	CFG-8

	CQI report 10
	Reuse:

RI1/PMI1
	-----------
	-----------
	Off
	Off
	Off
	CFG-10

	CQI report 11
	-----------
	Reuse:

RI1/PMI2
	-----------
	Off
	Off
	Off
	CFG-10

	CQI report 12
	-----------
	-----------
	Reuse:

RI1/PMI3
	Off
	Off
	Off
	CFG-10

	(CQI report 13)
	Reuse:

RI1/PMI1
	Reuse:

RI1/PMI2
	Reuse:

RI1/PMI3
	Off
	Off
	Off
	CFG-10


1 Note that IMR configurations can be obtained with CFG-10 and interference weighting [3]
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It has been debated that three CSI-RS resources bring increased complexity while little gains have been shown. The above examples are of course extreme in terms of CQI definitions and related complexity, but show how the CQI feedback load and calculation complexity can get completely out of limits in case of three CSI-RS resources. Also it emphasizes the need to consider also the CQI definitions rather than only the CoMP measurement set size alone. In fact, as we have highlighted in [1], UE complexity should be one of the most important factors in deciding on the CoMP measurement set size. 
With a given (equal) complexity, rather than looking only at the CoMP measurement set size, one should actually look at the exact CQIs that the UE can make available to the eNB. As an example, with roughly equal complexity the UE can
· provide per-CSI-RS resource CSI feedback for two CSI-RS resources along with an aggregated CoMP CQI, or
· provide only per-CSI-RS resource CSI feedback for three CSI-RS resources.

Hence if the complexity aspect is solved (as for example proposed in [1]), the question is what can actually be done with the given complexity and which of the solutions would perform best in system level. In [3] we have shown for example that in case of two CSI-RS resources, aggregated CQI provides healthy gains over having only per-CSI-RS resource CSI feedback. On the other hand in the next section we show that with per-CSI-RS resource feedback only, there is only a very small gain from having three CSI-RS resources instead of only two.
Observations:

· UE CSI feedback processing complexity should have top priority in deciding on the CoMP measurement set size.

· With non-equal CSI feedback load and UE complexity compared to two CSI-RS resources, the UL feedback overhead as well as the UE CSI feedback processing complexity may get out of limits in case of three CSI-RS resources.

· With equal CSI feedback load and UE complexity compared to three CSI-RS resources, CSI feedback for two CSI-RS resources may actually allow better system performance.

· A larger number of different CQI hypotheses can be calculated per CSI-RS resource and fed back to the eNB.
3
System level performance

One issue related to the CoMP measurement set size is the hearability of the points. In [5] we showed results on hearability with the conclusion that most of the time only two points would be within a power window of 6dB. These results are shown in Appendix B. Moreover, measurement inaccuracies might further reduce the benefits of including very weak cells/points in the CoMP measurement set.
Here we present further system performance results for two and three CSI-RS resources, in both finite and full buffer traffic scenarios. We have investigated DPS without muting in 2x2 scenario 4 configuration 1. In the finite buffer simulations the FTP model 1 was considered with the call arrival rate of 1.5 UE/sec/point.
Table 4: Full buffer system level performance comparison for DPS without muting with different number of points in CoMP measurement set. 

	Scenario 3/4 configuration 1
	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
	0.0366
	-
	-

	DPS, 2 points
	1.820
	0.0425
	-1.32
	+16.3

	DPS, 3 points
	1.820
	0.0427
	-1.29
	+16.9


Table 5: Finite buffer system level performance comparison for DPS without muting with different number of points in CoMP measurement set. 
	Scenario 3/4 configuration 1
	Average UE spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz/UE]
	Average UE spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]
	Resource Utilization [%]

	SU-MIMO
	1.643
	0.167
	-
	-
	33.0

	DPS, 2 points
	1.648
	0.189
	-0.11
	+11.96
	31.7

	DPS, 3 points
	1.641
	0.187
	+ 0.34
	+12.15
	31.6


From results in Table 4 and Table 5 we note a complete lack of gains from using three CSI-RS resources compared to two CSI-RS resources in the CoMP 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. Better gains are obtained in finite buffer conditions, however these are not justified by the complexity increase as well. Moreover as mentioned, better performance with equal complexity and UL overhead would be achieved for example by investing the UL feedback bits to aggregated CQI rather than on a third per-CSI-RS resource CQI.
Observations:

· No performance gains are obtained from using more than two CSI-RS resources in both full and finite buffer cases.
· However, both CSI feedback load and UE CSI processing complexity are increased.
Based on these results, the above discussion on CQI hypotheses and the discussion in [1] on UE complexity we propose:
Proposals: 

· Limit the maximum 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.
4
Conclusions

In this contribution we have addressed the maximum size of CoMP measurement set. We have the following proposals:
Proposals: 

· Limit the maximum 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 3 Conf 1 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 3 Conf 1: 25UE / macro geographical area / Uniform UE 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


Appendix B – Hearability results
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Figure 1. CSI-RS and IMR configurations for case of three CSI-RS resources for multiple CQI hypotheses.

Appendix C – CSI-RS and IMR configurations
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Figure 2. Probabilities of having x number of points within certain received power window in different scenarios.
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