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Introduction
In the RAN4#90-Bis meeting, simulation assumptions for RSS based RRM measurements for MTC were updated and agreed [1].
In this paper, we provide partial simulation results based on the above agreements. 
Simulation Results
The results presented herein are only for single Rx chain and single cell scenarios. For each channel, 10000 RSS periods are simulated with 160 ms periodicity. For single shot results, the CDF of RSS-based RSRP measurement error is calculated with 1-subframe and 2-subframe sample capture. Similarly, the CDF of CRS-based RSRP measurement error is calculated by extracting the CRS tones from the same sample capture. For L1 measurement periods 480 and 800 ms, results from 3 and 5 successive RSS occasions are averaged to arrive at one L1 sample and then the CDF of RSS-based and CRS-based RSRP measurement error are calculated. 
The simulation results are presented in Tables 1 and 2 for 1-subframe and 2-subframe sample capture, respectively. The table presents the gain in accuracy of RSS-based measurement over CRS-based measurement. A positive number indicates gain for RSS-based measurement accuracy and a negative number indicates gain for CRS-based measurement accuracy.
Table 1 Measurement accuracy gain of RSS over CRS for single Rx, single cell, 1-subframe capture
	Single Cell
	AWGN
	EPA1
	ETU1
	EPA5
	ETU30

	Es/Iot = -15
	1-shot
	4.9
	3.5
	3.2
	3.5
	3.2

	
	3-shot
	4.8
	3.4
	3.5
	3.9
	4

	
	5-shot
	4.7
	3.4
	3.5
	3.9
	4.1

	Es/Iot = -12
	1-shot
	4
	-0.1
	0.4
	-0.1
	0.4

	
	3-shot
	3.7
	2
	1.9
	2.3
	2.6

	
	5-shot
	3.4
	1.9
	2
	2.3
	2.5

	Es/Iot = -9
	1-shot
	2.9
	-2.5
	-1.5
	-2.5
	-1.7

	
	3-shot
	2.6
	0
	0.2
	0.5
	0.8

	
	5-shot
	2.4
	0.4
	0.7
	1.2
	1.4

	Es/Iot = -6
	1-shot
	2.1
	-2.9
	-1
	-2.7
	-1.2

	
	3-shot
	1.7
	-1.8
	-1.4
	-1
	-0.5

	
	5-shot
	1.6
	-1.1
	-0.9
	-0.1
	0.1

	Es/Iot = -3
	1-shot
	1.4
	-2.8
	-1.2
	-2.9
	-1.1

	
	3-shot
	1
	-2.4
	-1.5
	-1.6
	-1.1

	
	5-shot
	1
	-1.8
	-1.4
	-0.9
	-0.7

	Es/Iot = 0
	1-shot
	1
	-2.2
	-1.5
	-2.6
	-1.3

	
	3-shot
	0.7
	-1.4
	-1.6
	-0.8
	-0.8

	
	5-shot
	0.6
	-1
	-1.3
	-0.8
	-0.6



Table 2 Measurement accuracy gain of RSS over CRS for single Rx, single cell, 2-subframe capture
	Single Cell
	AWGN
	EPA1
	ETU1
	EPA5
	ETU30

	Es/Iot = -15
	1-shot
	2.6
	-1.9
	-2
	-1.8
	-2.2

	
	3-shot
	2.5
	-0.9
	-1
	0.1
	0

	
	5-shot
	2.4
	0.1
	-0.2
	-0.3
	0.9

	Es/Iot = -12
	1-shot
	2.8
	-5.1
	-4.5
	-5.1
	-4.6

	
	3-shot
	1.8
	-2
	-1.8
	-1.2
	-0.9

	
	5-shot
	1.5
	-1.1
	-1
	-0.2
	-0.2

	Es/Iot = -9
	1-shot
	3.6
	-4.8
	-3.2
	-5
	-3

	
	3-shot
	1.4
	-1.7
	-0.5
	-0.8
	0.3

	
	5-shot
	1.2
	-1.2
	-0.4
	-0.6
	0

	Es/Iot = -6
	1-shot
	1.3
	-3
	0.5
	-3.5
	0.5

	
	3-shot
	1
	-0.8
	0.4
	-0.6
	0.3

	
	5-shot
	0.8
	-0.8
	0
	-0.5
	0.4

	Es/Iot = -3
	1-shot
	0.9
	-0.4
	-0.4
	-0.4
	1.5

	
	3-shot
	0.6
	-0.5
	-0.2
	-0.2
	-0.1

	
	5-shot
	0.5
	-0.4
	-0.2
	-0.3
	-0.1

	Es/Iot = 0
	1-shot
	0.6
	0.4
	-0.4
	-0.2
	-0.5

	
	3-shot
	0.4
	-0.3
	-0.4
	-0.2
	-0.5

	
	5-shot
	0.3
	-0.1
	-0.6
	-0.3
	-0.3



From the results in Table 1 and 2, the following observations can be made:
Observation 1. Increasing L1 measurement period to 480ms (3 shots) delivers ~1.5 dB gain in RSS-based measurement accuracy over CRS-based measurement accuracy for Es/Iot={-12, -9} dB with 1-SF sample capture per occasion.
Observation 2. Increasing L1 measurement period beyond 480ms does not deliver any further significant gain. 
Observation 3. RSS-based measurement improves RSRP accuracy compared to CRS-based measurement only when sample capture is limited to 1-SF and operating Es/Iot is less than -6 dB.
We further elaborate on Observation 1. Increasing L1 measurement period obviously delays the availability of measurement results. Furthermore, there is no reason for UE to prefer collecting samples from 3 or 5 RSS occasions with 1-subframe per occasion compared to collecting more than 1 subframes in one occasion. In other words, the processing and diversity gain that are seen in Table 1 from increasing L1 measurement period can also be achieved by more than 1-subframe processing in one shot (as results in Table 2 corroborates) which can be more beneficial in terms of power savings.  
Observation 4. The processing and diversity gain achieved by increasing L1 measurement period with 1-subframe sample capture can also be achieved by increasing sample capture per occasion. This eliminates delay in measurement availability and can be beneficial to UW power savings. 
Given the above observations and results:
Proposal 1. Assuming RSS power boost of 0 dB, RAN4 to consider improved RSS-based measurement accuracy requirements only if:
· UE’s Es/Iot < 6 dB and 
· UE is in idle state and 
· UE’s wake up period aligns with RSS occasion and  
· 1-subframe sample capture is assumed 

Additionally, our view is that RSS-based measurement accuracy improvement should be an optional UE capability. It should be left to UE implementation how to improve measurement accuracy as there is a clear trade-off between measurement accuracy, measurement delay, and power savings. Furthermore, the configuration of RSS (periodicity, power boost,…) also plays a significant role in whether UE would prefer to use RSS or CRS for measurement.
In Way Forward agreed in the last RAN4 meeting [2], it was indicated that considering RSS-based RSRP measurement performance gain, RAN4 should discuss whether RSS can be used for improving the CE level selection when multiple CE levels are configured in random access procedure. 
In our view, if RSS-based RSRP measurement performance shows significant gain, it can be used by UE on any task or action that relies on measurement results as long as the delay in obtaining measurement results with required accuracy level does not delay the task/action beyond its own delay requirements. 
Observation 5.  If RSS-based RSRP measurement performance shows significant gain, it can be used by UE on any task or action that relies on measurement results as long as the delay in obtaining measurement results with required accuracy level does not delay the task/action beyond its own delay requirements. 

Conclusions
Observation 1. Increasing L1 measurement period to 480ms (3 shots) delivers ~1.5 dB gain in RSS-based measurement accuracy over CRS-based measurement accuracy for Es/Iot={-12, -9} dB with 1-SF sample capture per occasion.
Observation 2. Increasing L1 measurement period beyond 480ms does not deliver any further significant gain. 
Observation 3. RSS-based measurement improves RSRP accuracy compared to CRS-based measurement only when sample capture is limited to 1-SF and operating Es/Iot is less than -6 dB.
Observation 4. The processing and diversity gain achieved by increasing L1 measurement period with 1-subframe sample capture can also be achieved by increasing sample capture per occasion. This eliminates delay in measurement availability and can be beneficial to UW power savings. 
Proposal 1. Assuming RSS power boost of 0 dB, RAN4 to consider improved RSS-based measurement accuracy requirements only if:
· UE’s Es/Iot < 6 dB and 
· UE is in idle state and 
· UE’s wake up period aligns with RSS occasion and  
· 1-subframe sample capture is assumed 

Observation 5.  If RSS-based RSRP measurement performance shows significant gain, it can be used by UE on any task or action that relies on measurement results as long as the delay in obtaining measurement results with required accuracy level does not delay the task/action beyond its own delay requirements. 
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