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Discussion and decision 
1 Introduction 
In RAN1#68, CSI-RSRP for CRM purpose was agreed as a working assumption [1]:
· 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).

· This functionality is configurable by network

· Note that this proposal does not have any impact on inter-cell mobility handling
· For the purpose of the CSI-RS based received signal quality measurement, the UE may assume the timing of the received CSI-RSs is the same as that derived from the PSS/SSS of the serving cell

· Note that this does not imply anything about the assumed timing for other measurements 

· Send an LS to RAN2 and RAN4 to inform this decision
Conclusion:

· Working assumption according to R1-120895 (as modified above) so that work can continue. 

· Send an LS to RAN4 asking them to inform RAN1 what timing and measurement accuracy is feasible. 

· The final decision as to whether to confirm or abandon the working assumption will be made by RAN1 depending on the feedback received from RAN4. RAN1 may also take into account other information. 

RAN4 has conducted link simulations to study the feasibility of measurement accuracies achievable for CSI-RS [2]. In this contribution, we discuss the results and propose to confirm the current working assumption on CSI-RSRP measurement for CoMP resource management.
2 Conclusions from RAN4 study
2.1 Rel-8 CRS RSRP Performance Requirement
In [2], RAN4 has provided the simulation results on the absolute CSI-RSRP measurement accuracy as clearly stated on the cover sheet of the simulation results spreadsheet. Based on this understanding, the reference performance requirement for which the CSI-RSRP measurement performance should be compared against is the Rel-8 RSRP intra frequency absolute accuracy which can be found in Table 9.1.2.1-1 of [3] (reproduced below for convenience). It is clear from the table below that the absolute accuracy requirement at SNR of -6dB is (6 dB. It should also be noted that the CRS-based RSRP performance requirement was determined assuming AWGN channel as stated in Sec 9 of [3] as well as in Sec A. 9.1.1 and A.9.1.2 of [3]:

Sec 9 of [3]:

“The accuracy requirements in this clause are applicable for AWGN radio propagation conditions and assume independent interference (noise) at each receiver antenna port.”
Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy [3]
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	Bands 2, 5, 7
	Band 25
	Bands 3, 8, 12, 13, 14, 17, 20, 22
	Bands 9, 41, 42, 43

	
	
	
	
	Io
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ( -6 dB
	dBm
	(6
	(9
	-121dBm/15kHz … -70dBm/ BWChannel
	-119dBm/15kHz … -70dBm/ BWChannel
	-117.5dBm/15kHz … -70dBm/ BWChannel
	-118dBm/15kHz … -70dBm/ BWChannel
	-120dBm/15kHz … -70dBm/ BWChannel

	RSRP for Ês/Iot ( -6 dB
	dBm
	(8
	(11
	-70dBm/ BWChannel  … -50dBm/ BWChannel
	-70dBm/ BWChannel  … -50dBm/ BWChannel
	-70dBm/ BWChannel  … -50dBm/ BWChannel
	-70dBm/ BWChannel  … -50dBm/ BWChannel
	-70dBm/ BWChannel  … -50dBm/ BWChannel

	Note 1:
Io is assumed to have constant EPRE across the bandwidth.


Observation 1: The reference performance requirement for which the CSI-RSRP measurement performance provided by RAN4 should be compared against is the Rel-8 RSRP intra frequency absolute accuracy which is determined based on AWGN channel.
Observation 2: Based on Observation 1, the reference absolute RSRP accuracy is (6 dB at SNR of -6dB for AWGN channel.
2.2 CSI-RSRP measurement performance vs Rel-8 RSRP performance requirement
Simulation results from RAN4 LS are summarised in Table 1, Table 2 and Table 3, where the worse of 95th percentile and 5th percentile of CSI-RSRP errors (covering 90% of the reported values) under various simulation conditions are shown. This is in line with RAN4 definition of measurement accuracy as detailed in Sec A.9 of [3]:
“Reported measurements shall be within defined range of accuracy limits defined in Section 9 for at least 90 % of the reported cases.”
As 2Tx simulation was considered optional by RAN4 in their study and only three companies submitted (partial) results, they are excluded from the summary tables.
From Table 1, it is observed that the absolute CSI-RSRP measurement accuracy for SNR of -6dB for AWGN channel is 3.37dB.  Incorporating RF impairment margin of 2dB, the accuracy is 5.37dB. We conclude that CSI-RSRP measurement accuracy performance can indeed meet the CRS based RSRP measurement accuracy performance requirement as mentioned in Sec 2.1.
Observation 3: The absolute CSI-RSRP measurement accuracy for SNR of -6dB for AWGN channel is 3.37dB.  Incorporating RF impairment margin of 2dB, the accuracy is 5.37dB. Therefore, CSI-RSRP measurement accuracy performance meets the Rel-8 CRS based RSRP measurement accuracy performance requirement.

The measurement accuracy generally improves with higher SNR and/or longer measurement period. As CoMP is optimised for slow moving UE (<3km/h), the UE can also exploit extended measurement period of > 200ms (i.e. 400/800ms) to improve the CSI-RSRP measurement accuracy particularly for fading channels. 
For example, if fading channels are also considered and the measurement period is 400ms, for SNR of -6dB, the worst case error is 3.53dB, while for SNR of -3dB, the worst case error is 2.46dB. Incorporating RF impairment margin of 2dB, the error is 5.53dB for SNR of -6dB and 4.46 dB for SNR of -3dB, respectively, which still meet the Rel-8 CRS RSRP performance requirement for AWGN channel.
Observation 4: CSI-RSRP measurement accuracy can be further improved significantly with measurement period >200ms and/or higher SNR which should be exploited as CoMP should be optimised for slow-moving UE and/or for SNR>-6dB.
	Table 1: CSI-RSRP error (dB) with 6RB measurement BW and 200ms measurement period

	
	SNR=-6dB
	SNR=-3dB

	AWGN
	3.37
	2.14

	EPA5
	4.31
	3.04

	ETU70
	3.63
	2.50


	Table 2: CSI-RSRP error (dB) with 6RB measurement BW and 400ms measurement period

	
	SNR=-6dB
	SNR=-3dB

	AWGN
	2.87
	1.75

	EPA5
	3.53
	2.46

	ETU70
	2.81
	1.87


	Table 3: CSI-RSRP error (dB) with 6RB measurement BW and 800ms measurement period

	
	SNR=-6dB
	SNR=-3dB

	AWGN
	2.73
	1.55

	EPA5
	3.16
	2.01

	ETU70
	2.63
	1.62


As mentioned in the LS [2], RAN4 has also studied the impact of timing error and concluded that there is no significant performance difference between timing offsets of 0us and +/-3us.
Based on the above, we propose to confirm the working assumption that CSI-RSRP measurement is supported for CoMP resource management.
Proposal: Confirm the working assumption that CSI-RSRP measurement is supported for CoMP resource management in Rel-11.
Finally, we provide a reference CSI-RSRP estimation algorithm and the corresponding simulation results in the Appendix. Detailed CSI-RSRP estimation algorithm based on coherent combining in the frequency domain is provided in Sec 5.1 where no noise variance estimation is required for this algorithm. Our CSI-RSRP simulation results for various measurement periods and bandwidths based on this algorithm are provided in Sec 5.2 – Sec 5.5, which clearly show that CSI-RSRP measurement is indeed feasible for CoMP resource management.
3 Conclusions
In this contribution, we discussed the RAN4 study results on CSI-RSRP measurements. Our observations and proposal are as follows:

Observation 1: The reference performance requirement for which the CSI-RSRP measurement performance provided by RAN4 should be compared against is the Rel-8 RSRP intra frequency absolute accuracy which is determined based on AWGN channel.
Observation 2: Based on Observation 1, the reference absolute RSRP accuracy is (6 dB at SNR of -6dB for AWGN channel.
Observation 3: The absolute CSI-RSRP measurement accuracy for SNR of -6dB for AWGN channel is 3.37dB.  Incorporating RF impairment margin of 2dB, the accuracy is 5.37dB. Therefore, CSI-RSRP measurement accuracy performance meets the Rel-8 CRS based RSRP measurement accuracy performance requirement.
Observation 4: CSI-RSRP measurement accuracy can be further improved significantly with measurement period >200ms and/or higher SNR which should be exploited as CoMP should be optimised for slow-moving UE and/or for SNR>-6dB.
Proposal: Confirm the working assumption that CSI-RSRP measurement is supported for CoMP resource management in Rel-11.
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5 Appendix
5.1 CSI-RSRP estimation algorithm
The CSI-RSRP estimation algorithm implemented our simulation is provided below for reference.
Step1: De-spread the adjacent CSI-RS REs in time domain

Step2: Perform LS channel estimation in frequency domain for each receive antennas and CSI-RS ports.
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k  : CSI-RS RE index in frequency domain (0,1,….,
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Step3: Get a complex RSRP values by correlation between two adjacent REs in frequency domain
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Step4: combine the transmit ports according to transmission ports configuration

[image: image9.emf]CDM Despread Frequency Coherent   Antenna Combine


5.2 Measurement Period

CoMP operation targets UEs with low mobility. It’s feasible to extend the measurement period for CSI-RSRP to collect more samples in time domain. The estimation accuracy under 200ms, 400ms and 800ms measurement period are provided in table below (detailed simulation results could be found in Sec 5.4). Compared to 200ms, 400ms has around 0.5dB gain and 800ms has around 1.0 dB gain.

	Table 4: Absolute CSI-RSRP accuracy in 90% CDF with different measurement period under 1T2R and 6RB (sampling rate fixed to 40ms)

	Fading channel
	SNR=-3dB
	SNR=-6dB

	
	Measurement Period
	Measurement Period

	
	200ms
	400ms
	800ms
	200ms
	400ms
	800ms

	AWGN
	2.6
	2.1
	1.8
	3.6
	3.1
	2.8

	EPA5Hz
	2.9
	2.2
	1.7
	3.7
	3.0
	2.5

	ETU70Hz
	1.6
	1.2
	0.9
	2.8
	2.1
	1.9


5.3 Measurement Bandwidth

In this section, we also provide the simulation results for CSI-RS measurement under different measurement bandwidth as below (detailed simulation results could be found in Sec 5.5):

	Table 5: 5%~95% distribution with 6RB and 50RB

	Fading channel
	SNR=-3dB
	SNR=-6dB

	
	Measurement BW
	Measurement BW

	
	6RB
	50RB
	6RB
	50RB

	AWGN
	-0.4~2.6
	-0.1~1.1
	0.4~3.6
	-0.1~1.5

	EPA5Hz
	-1.6~2.9
	-0.6~0.7
	-1.4~3.7
	-0.8~1.1

	ETU70Hz
	-1.6~1.6
	-1.5~0.1
	-1~2.8
	-1.5~0.5


Comparison with different measurement BWs:

· There is no linear relationship between estimation accuracy and measurement samples in frequency.

· With 50RB, about 2.5dB gain at SNR -6dB and 1.5dB gain at SNR -3dB compared to 6RB measurement BW.
5.4 Simulation results: 200ms, 400ms, 800ms measurement period under 1 Tx port with ideal timing
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	Figure 1: CSI-RSRP CDF curves vs. SNR under 1T2R, ideal timing and 6RB with 200ms,400ms and 800ms measurement period


5.5 Simulation results: 50RB measurement BWs with ideal timing error
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	Figure 2: CSI-RSRP CDF curves vs. SNR with 50RB measurement BW under 1T2R ,ideal timing, 200ms measurement period 
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