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1 Introduction
At previous meeting, RAN4 had initial discussions on RSS based RRM measurements based on the work item objective as follows [1]:
	Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2] 


Based on the discussions, RAN4 agreed on simulation assumptions for RSS based RRM measurement [2] and following high-level agreements were reached [3]:

	· RAN4 shall evaluate the performance of RSS based RRM measurement based on agreed simulation assumptions.

· RSS measurements are studied for IDLE mode, and it is FFS for CONNECTED mode




In this contribution, we present simulation results showing the RSS based RSRP measurement performance.
2 Discussion 

2.1 Simulation assumptions

The results presented in below section are based on the assumptions in [2]. The measurements are obtained through detecting the maximum correlation peak value in the time domain. A joint channel and noise estimator is likely to yield more accurate results.

2.2 Simulation results

Single shot measurement
This section contains simulation results showing the RSS based RSRP measurement performance assuming single shot measurement. 
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Figure 1 RSRP measurement performance for EPA 5Hz and ETU 30 Hz corresponding to normal coverage, and EPA 1 Hz and ETU 1 Hz corresponding to enhanced coverage with single shot measurement
The results in Figure 1 show there is significant measurement error in both normal and enhanced coverage when measurements are based on single shot. The figure below show that the error remains significant also when single shot measurement is performed over a sample of e.g. 8 subframes. 
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Figure 2 RSRP measurement performance for EPA 5Hz and ETU 30 Hz assuming single shot measurement comprising 8 subframes
· Observation #1: Significant measurement error is observed with single shot measurement.  
· Observation #2: No significant performance difference between single shot measurement of 1 SF and multiple SFs. 
Static channel results

This section contains simulation results showing the RSS based RSRP measurement performance for AWGN channel. The simulations are performed over 5 samples of 1 SF taken every 160 ms, i.e. the total measurement period is 800 ms.
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Figure 3 RSRP measurement performance for AWGN channel with 1 SF sample 
Normal coverage results
This section contains simulation results showing the RSS based RSRP measurement performance for normal coverage operation. The simulations are performed over 5 samples of 1 SF taken every 160 ms, i.e. the total measurement period is 800 ms.
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Figure 4 RSRP measurement performance for EPA 5 Hz (left) and ETU 30 Hz  (right) with 1 SF sample
Enhanced coverage results

This section contains simulation results showing the RSS based RSRP measurement performance for enhanced coverage operation. The simulations are performed over 5 samples of 1 SF taken every 160 ms, i.e. the total measurement period is 800 ms.
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Figure 5 RSRP measurement performance for EPA 1 Hz (left) and ETU 1 Hz  (right) with 1 SF sample
The measurement results in Figure 4 and 5 show measurement error is in the order of 5 dB for the worst case for enhanced coverage and slightly less for the normal coverage. Since these simulations were performed without assuming channel and noise estimation, the measurement performance is expected to be significantly more accurate with channel and noise estimation. 
· Observation #3: Fading channel measurement results show good performance, which can be even further improved when channel and noise estimation is assumed. 
Colling vs non-colliding results

This section contains initial simulation results showing the RSS based RSRP measurement performance when RSS PRBs are colliding versus non-colliding.
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Figure 6 RSRP measurement performance for non-colliding RSS (upper left) vs colliding RSS (upper right) for EPA 5 Hz channel, and for ETU 30 Hz non-colliding (lower left) and colliding (lower right) respectively
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Figure 7 RSRP measurement performance for non-colliding RSS (upper left) vs colliding RSS (upper right) for EPA 1 Hz channel, and for ETU 1 Hz non-colliding (lower left) and colliding (lower right) respectively
Figure 6 and 7 show that the impact of colliding RSS on measurement performance is quite limited. This can be explained by the fact that the received signals being orthogonal due to the Zadoff-Chu sequence which are also scrambled. It is suggested that RAN4 studies the effect of colliding RSS more for the next meeting.
· Observation #4: Initial evaluation shows that the impact of colliding RSS on measurement performance is limited, but more evaluation is needed. 
3 Conclusion

In this contribution we have presented simulation results showing the RSS based RSRP measurement performance. Based on the results, we have made following observations:
· Observation #1: Significant measurement error is observed with single shot measurement.  
· Observation #2: No significant performance difference between single shot measurement of 1 SF and multiple SFs. 
· Observation #3: Fading channel measurement results show good performance, which can be even further improved when channel and noise estimation is assumed. 

· Observation #4: Initial evaluation shows that the impact of colliding RSS on measurement performance is limited, but more evaluation is needed. 
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