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1 Introduction

A new WI “Further LTE Physical Layer Enhancements for MTC” was approved for rel-13. One of the objectives of this WI is to further enhance cell coverage for MTC UE with over than 15dB.
One LS from RAN1 [1] was sent to RAN4 asking RAN4 to provide feedback on RSRP and RSRQ measurement performance for Rel-13 low complexity UEs in normal coverage and enhanced coverage.RAN1 is also considering several approaches for selecting a starting PRACH repetition level. One approach is based on RSRP measurement. Other LS was sent by RAN1 asking RAN4 to feedback on the possibility of distinction among non-coverage enhancement and coverage enhancement of max. 3 non-zero levels (e.g., 0, 5, 10, 15 dB, or 0, 6, 12, 18 dB, dB number is total system coverage enhancement), for example, using RSRP measurement depending on coverage level.

In last RAN4 meeting, simulation assumption for e-MTC RRM accuracy evaluation was agreed in [3].
In this contribution, further simiulation results were provided based on the approved simulation assumption.
2 Simulation assumptions
As agreed in [1], detailed simulation parameters were given in table 1 below.
Table 1: Simulation parameters for Rel-13 MTC RSRP/RSRQ measurement accuracy studies

	Parameters
	Value
	Comments

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

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms, 400 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1 and 2
	Single and double Rx branches, respectively  

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for stationary UEs: ETU and EPA
	1 Hz and 1 Hz, respectively
	

	Doppler Frequency for mobile UEs: ETU and EPA
	30 Hz and 5 Hz, respectively
	

	Channel estimation techniques
	Current method (Rel-8) for RS averaging, 

coherent averging over multiple subframes [1], coherent combining of RS over coherent frequency bandwidth [1], increased RS density [1], other techniques are not precluded. 
	Implementation dependent (NOTE 2)

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-18 dB, …, 5 dB
	AWGN noise 

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

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


For RS averaging method, we reuse existing Rel-8 method. Regarding further enhancement method as mentioned in RAN1 LS [1]:
· Coherent combining of reference symbols over multiple subframes

· Coherent combining of reference symbols over coherent frequency bandwidth

· Increased reference symbol density (FFS)
Considering dynamic DL-UL configuration for TDD syetem and MBSFN sub-frame configuration, it’s not always feasible coherent combining of reference symbols over adjacent sub-frames. Furthermore, RRM measurement accuracy requirements in RAN4 were defined as minimum performance requirements considering worst case in realistic network. In our existing method, we already complied coherent combing over the coherent frequency bandwidth. For further enhancement with increased reference symbol density, it’s related to a new RS type design and potentially introducing new measurement and out of RAN4 work scope; we need to wait for RAN1 furtherinput for this enhancement. We fixed sampling rate as 40ms per sample in our simulation. 
3 Simulation results
During simulation, for MTC UE with 1Rx antenna, several cases with 200ms, 400ms were evaluated. 

Table 2, 3 and table 4 summarized absolute RSRP measurement accuracy under above 5 cases for AWGN, EPA5Hz and ETU30Hz channel separately. 

Table 2: Absolute RSRP accuracy results under AWGN
	Measurement Period
	SNR(dB)
	1SF per sample
	2 SFs per sample

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	200ms
	0
	-0.8
	0
	0.7
	1.4
	0.8
	-0.5
	0
	0.5
	1
	0.5

	
	-6
	-1.9
	0
	1.5
	3.4
	1.9
	-1.3
	0
	1.1
	2.4
	1.3

	
	-9
	-3.4
	0.1
	2.2
	5.6
	3.4
	-2.3
	0.1
	1.7
	3.9
	2.3

	
	-12
	-4.7
	0.6
	3.4
	8.1
	4.7
	-4
	0.3
	2.6
	6.6
	4

	
	-15
	-3.4
	2.1
	5.3
	8.7
	5.3
	-4.5
	1.2
	4.2
	8.7
	4.5

	
	-18
	-1.2
	4.6
	7.8
	9
	7.8
	-2.4
	3.2
	6.4
	8.7
	6.4

	400ms
	0
	-0.5
	0
	0.5
	1
	0.5
	-0.4
	0
	0.3
	0.7
	0.4

	
	-6
	-1.3
	0
	1
	2.3
	1.3
	-0.9
	0
	0.8
	1.6
	0.9

	
	-9
	-2.3
	0
	1.7
	4
	2.3
	-1.5
	0
	1.2
	2.8
	1.5

	
	-12
	-3.8
	0.3
	2.7
	6.5
	3.8
	-2.9
	0.2
	1.9
	4.8
	2.9

	
	-15
	-4.5
	1.3
	4.2
	8.8
	4.5
	-4.4
	0.7
	3.3
	7.7
	4.4

	
	-18
	-2.3
	3.3
	6.4
	8.8
	6.4
	-3.5
	2.1
	5.2
	8.7
	5.2


Table 3: Absolute RSRP accuracy results under EPA5Hz
	Measurement Period
	SNR(dB)
	1SF per sample
	2 SFs per sample

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	200ms
	0
	-1.1
	0
	1
	2.1
	1.1
	-0.8
	0
	0.7
	1.5
	0.8

	
	-6
	-2.8
	0.1
	2.4
	5.2
	2.8
	-2.1
	0.1
	1.7
	3.8
	2.1

	
	-9
	-3.8
	0.4
	3.9
	7.7
	3.9
	-3.2
	0.3
	3
	6.2
	3.2

	
	-12
	-3.9
	1.5
	6.3
	10.2
	6.3
	-3.8
	0.9
	4.9
	8.7
	4.9

	
	-15
	-2.7
	3.4
	8.9
	11.6
	8.9
	-3.5
	2.3
	7.5
	11
	7.5

	
	-18
	-0.4
	5.9
	11.9
	12.3
	11.9
	-1.7
	4.6
	10.2
	12
	10.2

	400ms
	0
	-0.7
	0
	0.6
	1.3
	0.7
	-0.5
	0
	0.4
	0.9
	0.5

	
	-6
	-1.9
	0
	1.5
	3.3
	1.9
	-1.3
	0
	1.1
	2.4
	1.3

	
	-9
	-3.1
	0.2
	2.4
	5.5
	3.1
	-2.2
	0.1
	1.8
	4
	2.2

	
	-12
	-4.1
	0.7
	4
	8.2
	4.1
	-3.6
	0.4
	3.1
	6.7
	3.6

	
	-15
	-3.5
	2
	6.2
	9.7
	6.2
	-4.2
	1.2
	4.9
	9.1
	4.9

	
	-18
	-1.6
	4.4
	9.1
	10.6
	9.1
	-3
	3.2
	7.5
	10.5
	7.5


Table 4: Absolute RSRP accuracy results under ETU30Hz
	Measurement Period
	SNR(dB)
	1SF per sample
	2 SFs per sample

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	200ms
	0
	-1.5
	-0.5
	0.3
	1.8
	1.5
	-1.2
	-0.5
	0.1
	1.4
	1.2

	
	-6
	-3
	-0.4
	1.3
	4.3
	3
	-2.3
	-0.4
	0.8
	3.1
	2.3

	
	-9
	-4.3
	-0.1
	2.3
	6.6
	4.3
	-3.4
	-0.3
	1.6
	5.1
	3.4

	
	-12
	-4.7
	0.6
	3.8
	8.6
	4.7
	-4.7
	0.1
	2.9
	7.5
	4.7

	
	-15
	-3.3
	2.4
	6.1
	9.4
	6.1
	-4.1
	1.3
	4.8
	8.9
	4.8

	
	-18
	-0.8
	5
	8.9
	9.7
	8.9
	-2.2
	3.7
	7.5
	9.7
	7.5

	400ms
	0
	-1.1
	-0.5
	0.1
	1.2
	1.1
	-0.9
	-0.4
	0
	0.9
	0.9

	
	-6
	-2
	-0.4
	0.8
	2.8
	2
	-1.6
	-0.4
	0.5
	2.1
	1.6

	
	-9
	-3.4
	-0.3
	1.5
	5
	3.4
	-2.4
	-0.4
	1
	3.4
	2.4

	
	-12
	-5.1
	0.1
	2.6
	7.7
	5.1
	-4.1
	-0.2
	1.9
	6
	4.1

	
	-15
	-4.4
	1.2
	4.5
	8.9
	4.5
	-4.7
	0.5
	3.5
	8.2
	4.7

	
	-18
	-1.9
	3.7
	7
	8.9
	7
	-3.3
	2.3
	5.8
	9
	5.8


Table 5: Absolute RSRP accuracy results under EPA1Hz
	Measurement Period
	SNR(dB)
	1SF per sample
	2 SFs per sample

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	200ms
	0
	-1.6
	0
	1.5
	3.1
	1.6
	-1.1
	0
	1.1
	2.2
	1.1

	
	-6
	-2.8
	0.3
	4.5
	7.3
	4.5
	-2.3
	0.1
	3.4
	5.7
	3.4

	
	-9
	-3.3
	0.8
	7
	10.2
	7
	-3
	0.5
	5.6
	8.5
	5.6

	
	-12
	-3.2
	2
	9.8
	13.1
	9.8
	-3.2
	1.3
	8.4
	11.6
	8.4

	
	-15
	-2.3
	4.1
	12.8
	15.2
	12.8
	-2.8
	2.9
	11.5
	14.2
	11.5

	
	-18
	-0.5
	6.8
	15.7
	16.2
	15.7
	-1.7
	5.3
	14.4
	16.1
	14.4

	400ms
	0
	-1
	0
	0.8
	1.8
	1
	-0.7
	0
	0.6
	1.3
	0.7

	
	-6
	-2.4
	0.1
	2.4
	4.8
	2.4
	-1.7
	0
	1.7
	3.4
	1.7

	
	-9
	-3.1
	0.4
	4.1
	7.1
	4.1
	-2.6
	0.2
	3.1
	5.7
	3.1

	
	-12
	-3.6
	1.1
	6.7
	10.2
	6.7
	-3.4
	0.6
	5.2
	8.6
	5.2

	
	-15
	-3
	2.7
	9.6
	12.6
	9.6
	-3.4
	1.8
	8.2
	11.6
	8.2

	
	-18
	-1.6
	4.9
	12.4
	14.1
	12.4
	-2.6
	3.7
	11
	13.6
	11


Table 6: Absolute RSRP accuracy results under ETU1Hz
	Measurement Period
	SNR(dB)
	1SF per sample
	2 SFs per sample

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	200ms
	0
	-2.3
	-0.5
	0.4
	2.7
	2.3
	-2
	-0.5
	0.2
	2.3
	2

	
	-6
	-3.7
	-0.4
	1.7
	5.5
	3.7
	-3.2
	-0.4
	1.1
	4.3
	3.2

	
	-9
	-4.3
	0
	3.2
	7.5
	4.3
	-3.9
	-0.2
	2.2
	6.2
	3.9

	
	-12
	-4.1
	1
	5.5
	9.6
	5.5
	-4.3
	0.4
	4.2
	8.4
	4.3

	
	-15
	-3.1
	3
	8.3
	11.4
	8.3
	-3.7
	1.8
	6.8
	10.5
	6.8

	
	-18
	-0.9
	5.5
	11.1
	12
	11.1
	-2
	4.2
	9.7
	11.7
	9.7

	400ms
	0
	-1.8
	-0.5
	0.2
	1.9
	1.8
	-1.6
	-0.5
	0.1
	1.6
	1.6

	
	-6
	-2.9
	-0.4
	1
	3.9
	2.9
	-2.4
	-0.5
	0.6
	3
	2.4

	
	-9
	-3.7
	-0.3
	2
	5.7
	3.7
	-3.2
	-0.4
	1.3
	4.5
	3.2

	
	-12
	-4.5
	0.3
	3.9
	8.3
	4.5
	-4.2
	-0.1
	2.7
	6.9
	4.2

	
	-15
	-3.9
	1.7
	6.3
	10.2
	6.3
	-4
	0.8
	5
	9
	5

	
	-18
	-2.3
	4
	9
	11.3
	9
	-2.8
	2.8
	7.6
	10.5
	7.6


In table 7, we summarized absolute RSRP accuracy for mobile MTC UE under different SNR points across AWGN, EPA5Hz and ETU30Hz with different measurement period. And table 8 summarized measurement accuracy for stationary UE across AWGN, EPA1Hz and ETU1Hz channel models.
Table 7: Absolute RSRP accuracy [dB] with different measurement period for mobile UE
	SNR points
	200ms
	400ms
	200ms
	400ms

	0
	1.5
	1.1
	1.2
	0.9

	-6
	3
	2
	2.3
	1.6

	-9
	4.3
	3.4
	3.4
	2.4

	-12
	6.3
	5.1
	4.9
	4.1

	-15
	8.9
	6.2
	7.5
	4.9

	-18
	11.9
	9.1
	10.2
	7.5


Table 8: Absolute RSRP accuracy [dB] with different measurement period for stationary UE
	SNR points
	1 SF per sample
	2 SF per sample

	
	200ms
	400ms
	200ms
	400ms

	0
	2.3
	1.8
	2
	1.6

	-6
	4.5
	2.9
	3.4
	2.4

	-9
	7
	4.1
	5.6
	3.2

	-12
	9.8
	6.7
	8.4
	5.2

	-15
	12.8
	9.6
	11.5
	8.2

	-18
	15.7
	12.4
	14.4
	11


Based above simulation results and summary, we can observe that:
· Under cell coverage enhanced region with lower SINR points:

· For mobile UE: CRS based RSRP measurement accuracy will be degraded larger than 1.3dB, 3.3dB,5.9dB,8.9dB at SNR points -9dB/-12dB/-15dB/-18dB compared to -6dB cases.
· For stationary UE: CRS based on RSRP measurement accuracy is even worse than mobile UE. CRS based RSRP measurement accuracy will be degraded larger than 2.5dB, 4.3dB, 8.3dB, 11.2dB at SNR points -9dB/-12dB/-15dB/-18dB compared to -6dB cases.
· With extended measurement period, measurement accuracy can be improved 1~3dB depending on operasting SNR points with 400ms measurement period compared to 200ms case.
· With coherent combining between multiple SFs, measurement accuracy can be improved 0.7~3.3 dB depending on operasting SNR points with 2sub-frames per sample compared to 1 sub-frame per sample case.
Observation1: Under cell coverage enhanced region with lower SINR points (i.e. lower than -18dB), based on existing RRM measurement mechanism, RSRP measurement accuracy will be degraded extremely larger than 10dB compared to existing Rel-12 MTC RRM measurement accuracy requirements. 
Observation2: For stationary UE: CRS based on RSRP measurement accuracy is even worse than mobile UE. It’s because with EPA5Hz and ETU1Hz, timing diversity gain is loss compared to EPA5Hz and ETU30Hz.
Observation3: With extended measurement period and increased coherent sub-frames number per sample, measurement accuracy can be improved. However it can not fully compensate performance loss due to SINR degradation. On the other hand, it will increase measurement delay and UE power consumption, and coherent combining of reference symbols over adjacent sub-frames is not always avabile in network.
Observation4: Under extreme low SINR conditions, Relative RSRP (Δ(5,95)) accuracy (Δ(5,95)) is larger than 9dB even with extended measurement period upper to 400ms. It can not full RAN1 demand for determing a repetition level for RA preamble transmissions since relative measurement error is larger than RAN1 step size (5dB or 6dB) to distuigush different coverarge levels.
Obseravtion5: Existing CRS based on measurement meachinism can not fullfill RAN1 demad for cell coverage enhancement with above 15dB.  Further enhanced solutions to improve RRM measurement accuracy under extreme low SINR conditions need to be analyzed and evaluated.

4 Conclusion

In this contribution, we provide the simulation results for RSRP for low-cost MTC with 1 receiver antenna with cell coverage enhancement. Based on the simulation results, such observations were given:
Observation1: Under cell coverage enhanced region with lower SINR points (i.e. lower than -18dB), based on existing RRM measurement mechanism, RSRP measurement accuracy will be degraded extremely larger than 10dB compared to existing Rel-12 MTC RRM measurement accuracy requirements. 
Observation2: For stationary UE: CRS based on RSRP measurement accuracy is even worse than mobile UE. It’s because with EPA5Hz and ETU1Hz, timing diversity gain is loss compared to EPA5Hz and ETU30Hz.
Observation3: With extended measurement period and increased coherent sub-frames number per sample, measurement accuracy can be improved. However it can not fully compensate performance loss due to SINR degradation. On the other hand, it will increase measurement delay and UE power consumption, and coherent combining of reference symbols over adjacent sub-frames is not always avabile in network.
Observation4: Under extreme low SINR conditions, Relative RSRP (Δ(5,95)) accuracy (Δ(5,95)) is larger than 9dB even with extended measurement period upper to 400ms. It can not full RAN1 demand for determing a repetition level for RA preamble transmissions since relative measurement error is larger than RAN1 step size (5dB or 6dB) to distuigush different coverarge levels.

Obseravtion5: Existing CRS based on measurement meachinism can not fullfill RAN1 demad for cell coverage enhancement with above 15dB.  Further enhanced solutions to improve RRM measurement accuracy under extreme low SINR conditions need to be analyzed and evaluated.
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