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Discussion and decision 
1 Introduction 
In this contribution, we present our views on the remaining CSI-RSRP issues under discussion in RAN1 as mentioned in the LS to RAN4 [1]:
1. How to handle the antenna ports R16~22. RAN4 guidance should also be taken into account. 
2. FFS whether additional information should be given to the UE with respect to the transmission power or power boosting of CSI-RS in order to improve the UE’s comparison of CSI-RSRP measurements for the case of event-triggered reporting
2 Discussion
2.1 Handling of R16~22

Three alternatives are considered for handling R16-22.
· Alt1: R16 recommended (“should”) and R17~22 optional (“may”)
· Alt2: R16 recommended (“should”)
· Alt3: R16 FFS between “shall” and “may”
Our evaluation results are provided in [2] where the following 5 simulation cases were evaluated:

Case1: 1T2R 

Case2a: 2T2R (both R15 and R16 are measured)

Case2b: 2T2R (only R15 is measured)

Case3: 4T2R (all ports measured)

Case4: 8T2R (all ports measured)

Note that the EPRE (per port) for 1Tx case is doubled that of multiple TX case to ensure full power utilization. Our simulation results are reproduced in Appendix for your convenience.
Impact of measuring R16
Comparing the performance between case1, case2a, and case 2b, we have the following observations:

· Comparison between case1 and case 2a: 
· For SNR =-6dB, case 1 has slightly better performance compared to case2a (difference is no more than 0.6dB);

· For SNR = -3dB, case 1 and case 2a achieve similar performance (as expected). 

· Comparison to case 2b: The estimation accuracy degrades significantly if UE only measures R15 under 2 tx ports condition. Case2b has 2.2dB/1.6dB performance loss compared to 1tx port case at SNR points -6dB/-3dB. The reason is that the power for R15 for case 2b is halved compared to that of case 1.
Compared to the option only measuring R15, the increased UE implementation complexity is limited if R16 is also measured since R15 and R16 are located at the same REs. It is possible to design algorithm which is independent of the number of the antenna ports at the same REs.
Impact of measuring R17~22
· For 4Tx case, measuring all 4 ports provides only 1dB/0.7dB performance gain at SNR points -6dB/-3dB compared to measuring only 2 ports (R15 & R16). The performance gain is quite marginal.
· For 8Tx case, measuring all 8 ports provides 1.8dB/1.3dB performance gain compared to measuring only 2 ports. Apart from the increased UE complexity, 8Tx case is not considered a priority case.
We conclude that there is no strong motivation for measuring R17~22. In any case, performance requirement can be met by measuring only two ports.  

Based on the above observations, our proposal is as follows:

Proposal 1: Alt2 (R16 recommended) is agreed considering estimation accuracy and UE implementation complexity.
2.2 Additional information with respect to the transmission power or power boosting of CSI-RS
The need for providing additional information with respect to the transmission power of power boosting of CSI-RS was briefly discussed on the RAN1 email reflector. Note that RAN2 is currently also discussing this issue.
The aim of CRM measurement is to identify the best set of TPs that can be included in the CoMP measurement set. In a deployment scenario where there are TPs with different number of CSI-RS ports in the CoMP coordination area, the CSI-RS EPRE for TPs with different number of ports can be different, which affects how the UE determines the best TPs. For example, the network may boost the CSI-RS EPRE for a TP with 1 port by 3dB compared to that of a TP with 2 ports, in order to fully utilize base station power. Even if the received PDSCH powers from each TP are same, the TP with 1 port is perceived by the UE as the TP with the better signal strength. This problem also exists in a more general setting where the CSI-RS power may be boosted different for different TPs, regardless of whether they have the same number of antenna ports. A simple solution is to signal the CSI-RS resource specific offsets for the TPs in the CRM set so that fair CSI-RSRP comparison of TPs can be performed by the UE. 
Proposal 2: CSI-RS resource specific offset is signalled to the UE which is used when comparing CSI-RSRPs for event triggering. 
3 Conclusions
In this contribution, we discuss the remaining issues of CSI-RSRP. Our proposals are summarised below:
Proposal 1: Alt2 (R16 recommended) is agreed considering estimation accuracy and UE implementation complexity.
Proposal 2: CSI-RS resource specific offset is signalled to the UE which is used when comparing CSI-RSRPs for event triggering. 
4 References
[1] R1-123077
LS on CSI-RSRP and CoMP Resource Management Set,
RAN1
[2] R4-123857
Considerations for antenna ports assumption for CSI-RSRP measurement
Samsung
5 Appendix
Simulation results
5 simulation cases were evaluated:

Case1: 1T2R 

Case2a: 2T2R (measured both port 15 and port 16 in receiver)

Case2b: 2T2R (only measure port 15 in receiver)

Case3: 4T2R (using all tx ports)

Case4: 8T2R (using all tx ports)

Table1 below summarize the estimation accuracy with different options under 200ms measurement period.

	Table 1. 5%, 95% distribution under 6RB measurement BW, 200ms measurement period with different tx ports assumption

	
	SNR -6dB
	SNR -3dB

	Channel
	Metric
	1T2R
	2T2R-a
	2T2R-b
	4T2R
	8T2R
	1T2R
	2T2R-a
	2T2R-b
	4T2R
	8T2R

	AWGN
	5%
	0.3
	1.2
	2.0
	0.5
	-0.1
	-0.4
	0.0
	0.5
	-0.1
	-0.1

	
	95%
	3.6
	4.2
	5.5
	3.2
	2.4
	2.5
	2.8
	3.6
	2.1
	1.5

	
	median
	2.1
	2.8
	3.8
	2.0
	1.2
	1.2
	1.5
	2.0
	1.0
	0.6

	EPA5
	5%
	-0.9
	-0.3
	0.1
	-0.5
	-0.6
	-1.1
	-0.9
	-0.5
	-0.9
	-0.6

	
	95%
	3.6
	3.6
	5.8
	2.5
	1.9
	2.9
	2.5
	4.5
	1.6
	1.1

	
	median
	1.2
	1.6
	2.6
	1.0
	0.6
	0.7
	0.7
	1.7
	0.5
	0.2

	ETU70
	5%
	-1.0
	-0.3
	0.4
	-0.8
	-1.1
	-1.5
	-1.2
	-0.6
	-1.5
	-1.5

	
	95%
	2.7
	3.2
	4.7
	0.9
	1.5
	1.6
	1.9
	3.2
	1.2
	0.6

	
	median
	0.9
	1.5
	2.5
	2.3
	0.2
	0.1
	0.4
	1.3
	0.0
	-0.4
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