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1
Introduction
There is one incoming LS from RAN1 in R1-123077. In this LS, RAN4 was requested to answer the following questions

· Applicability of AP16 in the CSI-RS RSRP measurement

· Measurement bandwidth of CSI-RSRP
· The maximum size of the CRM Set and the UE capability
In this contribution, we give our simulation results and initial analysis on the first issue and provide guidance for RAN1 following the actions in the LS. 
	To TSG RAN WG4:

RAN1 would like to ask RAN4 to consider the information in this LS for defining the measurement frequency bandwidth of CSI-RSRP, and for defining the maximum size of the CoMP Resource Management Set and the UE capability with respect to CSI-RSRP measurements. RAN1 would also like to ask RAN4 to consider providing guidance to RAN1 on possible additional agreements regarding the use of R16 and R17~R22 for CSI-RSRP measurements.


The two other issues will be analyzed in contributions [1] and [2].
2
Scenarios
The purpose of this contribution is to evaluate the impact of multiple antennas ports (APs) on the CSI-RSRP measurement accuracy. Currently RAN1 is considering the three alternatives listed below, and if RAN4 provides any guidance then RAN1 will take it into account:
· Alt1: R16 recommended (“should”) and R17~22 optional (“may”)
· Alt2: R16 recommended (“should”)
· Alt3: R16 FFS between “shall” and “may”
Note that when AP16 is configured, RAN1 expects the accuracy of a measurement that exploits the presence of AP16, in which case the accuracy in the 2Tx case will be similar as the 1Tx case.
From the UE power consumption and complexity perspective, the CSI-RS RSRP should be based on at most AP15 and AP16,i.e. R17-22 should not be included when performing the measurement. If only AP15 is transmitted, it is obvious the measurement should be based on AP15. The only problem is how to collect the power from different transmission antenna ports if both AP15 and AP16 are transmitted. In these cases, there is some concern on the measurement accuracy for the latter case if only power of AP15 is collected for CSI-RS RSRP measurement. Fig.1 illustrated the scenarios to be simulated.
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Fig.1. illustration of AP15 and AP15/16 transmission from one transmission point (TP)
3
Simulation assumptions and results
The link level simulations assumptions are same as in [1] which was approved for the link level simulation except the configurations of R16. To be specific, the R16 configuration for simulation is listed in Table1:
Table 1 Scenarios to be considered
	
	Tx
	Rx

	Baseline
	AP15
	AP15

	Case1
	AP15+AP16
	AP15

	Case2
	AP15+AP16
	AP15+AP16


The baseline case is only antenna port15 is transmitted and the UE collects the power from this antenna ports. For case1 and case2, both AP15 and AP16 are used. The difference is that only the power from AP15 is collected for case1 while the power from both antenna ports is collected for case2. The power is one half for each antenna port if both R15 and R16 are used. Regarding the measurement period, only 400ms and 800ms measurement periods are assumed. The minimum SINR is -4dB following our system level simulation[1]. The measurement accuracy is summarized in Table2 for 5% percentile, 95% percentile and the RSRP accuracy 90% in dB for AWGN, EPA5 and ETU70 channels. All the simulation figures are in Table 3. For each figure in Table 3, the measurement accuracy is given compared to the baseline case.
Table2 Summary of Measurement accuracy

AWGN:
	400ms
	SINR
	5%
	95%
	CSI-RS RSRP accuracy 90%, (dB)

	Baseline
	-4
	1.3976
	 1.1022    
	2.4997

	
	-3
	-1.2049
	0.9006
	2.1055

	
	0
	-0.6787
	0.5949
	1.2736

	
	3
	-0.4092
	0.3814
	0.7906

	Case1
	-4
	-4.1894       
	-0.1807
	4.0087

	
	-3
	-3.5566
	-0.458
	3.0988

	
	0
	-2.712
	-1.009
	1.7026

	
	3
	-2.3718
	-1.25
	1.1218

	Case2
	-4
	-1.7980        
	1.2559
	3.0538

	
	-3
	-1.3565
	1.0275
	2.3839

	
	0
	-0.7277
	0.6489
	1.3766

	
	3
	-0.4314
	0.4488
	0.8802

	800ms
	SINR
	5%
	95%
	CSI-RS RSRP accuracy 90%, (dB)

	Baseline
	-4
	-0.9349        
	0.8485
	1.7834

	
	-3
	-0.7675
	0.6952
	1.4626

	
	0
	-0.4553
	0.3793
	0.8346

	
	3
	-0.3005
	0.2858
	0.5862

	Case1
	-4
	-3.2465      
	-0.6322
	2.6143

	
	-3
	-2.9151
	-0.802
	2.1132

	
	0
	-2.4532
	-1.208
	1.2453

	
	3
	-2.1726
	-1.371
	0.8021

	Case2
	-4
	-1.2168        
	0.9682
	2.1849

	
	-3
	-0.9305
	0.7978
	1.7283

	
	0
	-0.5489
	0.464
	1.0128

	
	3
	-0.327
	0.3123
	0.6393


EPA5:

	400ms
	SINR
	5%
	95%
	CSI-RS RSRP accuracy 90%, (dB)

	Baseline
	-4
	-1.7274        
	1.2371
	2.9645

	
	-3
	-1.3732
	1.0251
	2.3982

	
	0
	-0.7228
	0.5995
	1.3223

	
	3
	-0.4295
	0.3847
	0.8143

	Case1
	-4
	-4.3694        
	0.0482
	4.4176

	
	-3
	-3.924
	-0.193
	3.7307

	
	0
	-2.997
	-0.6
	2.3971

	
	3
	-2.643
	-0.817
	1.8259

	Case2
	-4
	-1.9368        
	1.3564
	3.2932

	
	-3
	-1.522
	1.164
	2.686

	
	0
	-0.8351
	0.73
	1.5651

	
	3
	-0.5224
	0.4171
	0.9395

	800ms
	SINR
	5%
	95%
	CSI-RS RSRP accuracy 90%, (dB)

	Baseline
	-4
	-1.0661        
	0.8282
	1.8942

	
	-3
	-0.8788
	0.6987
	1.5775

	
	0
	-0.4755
	0.4386
	0.9141

	
	3
	-0.313
	0.2682
	0.5812

	Case1
	-4
	-3.5935       
	-0.5216
	3.0719

	
	-3
	-3.223
	-0.661
	2.5616

	
	0
	-2.571
	-0.973
	1.5979

	
	3
	-2.417
	-1.09
	1.327

	Case2
	-4
	-1.3419        
	0.9268
	2.2687

	
	-3
	-1.08
	0.7829
	1.8629

	
	0
	-0.551
	0.4716
	1.0226

	
	3
	-0.3231
	0.3198
	0.6429


ETU70:

	400ms
	SINR
	5%
	95%
	CSI-RS RSRP accuracy 90%, (dB)

	Baseline
	-4
	-2.9113        
	0.3980
	3.3093

	
	-3
	-2.44
	0.3147
	2.7547

	
	0
	-1.71
	-0.11
	1.6

	
	3
	-1.437
	-0.3407
	1.0963

	Case1
	-4
	-5.6640       
	-0.8819
	4.7821

	
	-3
	-5.097
	-1.108
	3.989

	
	0
	-3.91
	-1.622
	2.288

	
	3
	-3.39
	-1.874
	1.516

	Case2
	-4
	-3.1890        
	0.6268
	3.8158

	
	-3
	-2.665
	0.4186
	3.0836

	
	0
	-1.856
	-0.11
	1.746

	
	3
	-1.442
	-0.3407
	1.1013

	800ms
	SINR
	5%
	95%
	CSI-RS RSRP accuracy 90%, (dB)

	Baseline
	-4
	-2.2213        
	0.1517
	2.3730

	
	-3
	-1.8636
	-0.0089
	1.8547

	
	0
	-1.452
	-0.2761
	1.176

	
	3
	-1.2222
	-0.4645
	0.7578

	Case1
	-4
	-4.4797       
	-1.2540
	3.2257

	
	-3
	-4.143
	-1.433
	2.71

	
	0
	-3.433
	-1.915
	1.518

	
	3
	-3.166
	-2.055
	1.111

	Case2
	-4
	-2.3677        
	0.1923
	2.5600

	
	-3
	-2.068
	0.05
	2.118

	
	0
	-1.534
	-0.2557
	1.2783

	
	3
	-1.331
	-0.4645
	0.8665


4
Discussion and recommendation
The figure in Table3 gives the difference of estimated CSI-RS RSRP between case 1/case2 and the baseline case in AWGN/EPA5/ETU70 channels. From the simulation results 
· When R15 and R16 are transmitted simultaneously and the power from R15 and R16 are both collected by the UE, the measurement accuracy is slightly decreased. E.g. for ETU70 propagation channel, the 90% range is changed from 1.8547dB to 2.118dB for baseline case and case2 respectively when the measurement period is 800ms. This is mainly due to the additional noise estimation error was increased when only one half of the power was transmitted for each antenna port. And this error is becoming less when UE SINR increases. Similar trends can also be seen for AWGN/EPA5 channels and 400ms measurement period.
· More important, it is observed that there is one offset on the measurement accuracy for case1 compared to the baseline case. This is also illustrated in Fig.2. 
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Fig.2 Offset for only AP15 are used for RSRP measurement
The reason is mainly due to only one half of the power is collected if only antenna port 15 is used for CSI-RS RSRP measurement. There are some disadvantages if case1 are used for CSI-RS RSRP measurement:
· Decrease the coverage of the transmission points
· Delay the triggering of the measurement reporting
Based on the discussion above, it is proposed that

Proposal: It should be mandatory to use antenna port 16 in addition to antenna 15 for CSI-RS RSRP measurement if antenna port 16 is configured.
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Annex: Simulation results
Table3 Simulation results of Measurement accuracy

	AWGN
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	EPA5
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	ETU70
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Note: 2Tx 1Rx corresponds to case1 and 2Tx 2Rx corresponds to case2










