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One of the objective of the new work item on Even Further Enhanced MTC for LTE [1] is to improve the mobility support for CEModeA. The exact objective is stated as follows:

	· Support higher UE velocity [RAN4 lead, RAN2]
· Specify support in CE mode A for higher velocities (e.g. [200] km/h) without physical layer changes.



At last RAN4 meeting, the propagation channel for high velocity support was agreed as ETU220 Hz, see agreement below [2]. Simulation assumptions were agreed in [3]. 
 
	Channel model/speed: ETU at 120 km/hr at 2 GHz
Investigate RSRP/RSRQ accuracies using the above channel model
· Assume existing RSRP/RSRQ L1 periods of cat M1/catM2
Need for investigation of the cell detection is FFS; based on outcome of RSRP/RSRQ studies

HW will provide assumptions for RSRP/RSRQ studies.




In this contribution we are providing the RSRP/RSRQ simulation results and discussions based on the abovementioned agreements.

Background
RSRP and RSRQ Measurement approach
The legacy requirements on measurement accuracy in static (AWGN) conditions can be met by coherently averaging 8 CRSs, calculate the power, and then average such power estimates non-coherently over 2x5 subframes. The coherent averaging reduces the bias and the non-coherent averaging the variance of the RSRP estimate. In the simulations below, we present results assuming two different sizes of coherent averages which are called conig0 and config1. Coherent average is done over 4x2 REs and 4x4 REs in config0 and config1 respectively. 

Simulation assumptions
In this subsection we list the agreed simulation assumptions for studying the RSRP/RSRQ measurement performance in high doppler channel model in Table 1. 
Table 1: Simulation parameters for RSRP/RSRQ measurement performance investigation category M1/M2 UEs under high doppler channel
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	480 ms
	

	Gap pattern
	0
	40ms MGRP

	Measurement sampling rate
	-
	Implementation dependent (NOTE 1)

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

	DRX/DTX
	ON
	DRX cycle to be indicated

	Carrier frequency
	2GHz
	

	Doppler spread
	200 Hz
	

	Propagation conditions
	ETU
	

	CP Length
	Normal
	

	SNR
	-7 dB … 3 dB
	

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results.



The Doppler spread is stated as 200 Hz in Table 1, but this value was revised and agreed as 220 Hz in the Chairman’s notes as shown below:

	R4-1711932                                                         Simulation assumptions for measurement of high speed for eFeMTC
                                                                                                                                                                                CR-  rev  Cat:  () v
                                                                                                                                                 Source: Huawei
Abstract: 
This contribution provides the way forward on 
Discussion: 
Delay spread =220Hz.
Decision:                                       Approved




Simulation results
Figures 2 and 3 show the simulation results under static propagation conditions in section 3.1 and Figures 3 and 4 show the 220 Hz doppler results for ETU channel in section 3.2. 
AWGN Results
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Figure 2: RSRP (left) and RSRQ (right) simulation results in AWGN propagation conditions assuming coherent averaging over 4x2 REs
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Figure 3: RSRP (left) and RSRQ (right) simulation results in AWGN propagation conditions assuming coherent averaging over 4x4 REs
ETU Results
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Figure 4: RSRP (left) and RSRQ (right) simulation results in ETU 220 Hz propagation conditions assuming coherent averaging over 4x2 REs
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Figure 5: RSRP (left) and RSRQ (right) simulation results in ETU 220 Hz propagation conditions assuming coherent averaging over 4x4 REs


[bookmark: _Ref481654161]Table 2: Maximum deviation of 5th or 95th percentile from ideal RSRP result.
	Propagation
condition
	Max deviation of 5th or 95th percentile from ideal result [dB]
	Existing tolerance,  M1 [dB]
Normal condition, 
max Io < -70 dBm/BWch
	Margin
(excluding RF margin)

	
	Ês/Iot > -6 dB
	Ês/Iot > -6 dB
	Ês/Iot > -6 dB

	AWGN config 0
	2.31
	7
	4.69

	AWGN config 1
	1.62
	
	5.38

	ETU 220 Hz config 0
	2.66
	
	4.34

	ETU 220 Hz config 1
	3.40
	
	3.6




[bookmark: _Ref481654162]Table 3: Maximum deviation of 5th or 95th percentile from ideal RSRQ result. 
	Propagation
condition
	Max deviation of 5th or 95th percentile from ideal result [dB]
	Existing tolerance, M1 [dB]
Normal condition, 
max Io < -70 dBm/BWch
	Margin
(excluding RF margin)

	
	Ês/Iot > -6 dB
	Ês/Iot > -6 dB
	- Ês/Iot > -6 dB

	AWGN config 0
	2.28
	4
	1.72

	AWGN config 1
	1.61
	
	2.39

	ETU 220 Hz config 0
	2.31
	
	1.69

	ETU 220 Hz config 1
	2.28
	
	1.72



Discussion
Table 2 and 3 summarize the results in terms of maximum deviation of 5th or 95th percentile, and they also show the margin to the existing CEModeA requirements. For category M1/M2 UEs a RF margin of ±4dB is added to the absolute RSRP measurement results but no RF margin is added to the RSRQ results since they are present in both numerator and dominator which make them cancel out. The results show that after adding the RF margin, there is still sufficient margin for the UE to keep the bias under acceptable level.  
Based on the observed results in Table 3, it seems possible to reuse the current absolute RSRQ measurement requirement also under higher velocity.  In summary, following observations are made based on the shown results:
· Observation #1: Category M1/M2 UEs in CEModeA are able maintain the current CEModeA intra-frequency absolute RSRP measurement requirements under high doppler channel.
 
· Observation #2: Category M1/M2 UEs in CEModeA are able to maintain the current CEModeA intra-frequency absolute RSRQ measurement requirements under high doppler channel. 
The inter-frequency absolute RSRP measurement requirements are derived based on the intra-frequency absolute RSRP measurement requirements because in both scenarios include both baseband error and RF margin . Thus following observation is made:
· Observation #3: Category M1/M2 UEs in CEModeA are able maintain the current CEModeA  inter-frequency absolute RSRP measurement requirements under high doppler channel.

Moreover, these results also show that the UEs are also able to meet the current CEModeA inter-frequency relative RSRP measurement requirements of 8 dB. 
· Observation #4: Category M1/M2 UEs in CEModeA are able maintain the current CEModeA  inter-frequency relative RSRP measurement requirements under high doppler channel.

Summary and Conclusions
In this contribution we have presented the RSRP and RSRQ simulation results for higher doppler channel model (ETU 220 Hz) as agreed at last meeting. We have shown the results assuming two different configurations for measurements and made the following observations:

· Observation #1: Category M1/M2 UEs in CEModeA are able maintain the current CEModeA intra-frequency absolute RSRP measurement requirements under high doppler channel.
 
· Observation #2: Category M1/M2 UEs in CEModeA are able to maintain the current CEModeA intra-frequency absolute RSRQ measurement requirements under high doppler channel. 


· Observation #3: Category M1/M2 UEs in CEModeA are able maintain the current CEModeA  inter-frequency absolute RSRP measurement requirements under high doppler channel.

· Observation #4: Category M1/M2 UEs in CEModeA are able maintain the current CEModeA  inter-frequency relative RSRP measurement requirements under high doppler channel.
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