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1. Introduction
In RAN4#76 meeting, the following LS for eMTC [1][2][3]  were approved:
	R4-155112, “LS response on measurement performance for Rel-13-MTC” [1]

· RRM measurements accuracy requirements are defined in TS 36.133 for AWGN conditions.

· RRM measurement accuracy requirements under enhanced coverage are feasible by using different estimation techniques (assuming AWGN and a single RX antenna), e.g.:

· Coherent combining of reference symbols over adjacent subframes to suppress noise-induced bias.

· Potentially longer L1 measurement period to perform RRM measurements to increase the number of non-coherent average snapshots and to average out propagation channel variation.

· Below a certain SINR level the existing RSRP measurement accuracy requirements defined for UE category 0 cannot be met. Same observation is also expected for RSRQ measurement performance.
· For fading scenarios the estimation techniques used in RRM measurement demonstrates worse performance than under AWGN conditions.
R4-155113, “Reply LS on PRACH coverage enhancement for eMTC” [2]

· It is possible to reliably distinguish between non-coverage enhancement and coverage enhancement (e.g. NC and 15 dB EC) using RSRP based method at least for AWGN channels. 
· It is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels.
· The differences between distinguishable levels depend on RSRP measurement accuracy.
R4-155119, “LS reply on measurements cell selection and reselection for MTC LC/EC” [3]

· It is feasible to do cell selection based on RSRP/RSRQ measurements in EC with cell selection criterion S, which corresponds to the maximum enhanced coverage supported in this cell, if SINR of the measured cell is equal to or above the level at which current measurement accuracy requirements can be met (referred to as TSINR). 
· It is feasible to rank cells for intra-frequency and equal priority inter-frequency cell reselection based on RSRP/RSRQ measurements in EC, if SINR of the measured cell is equal to or above TSINR.
· It is feasible in EC to compare RSRP/RSRQ measurement of serving and inter-frequency cells with thresholds, for absolute priority cell reselection, if SINR of the measured cell is equal to or above TSINR.
· The responses are depending on the level of coverage extension. When the SINR of the measured cell is below TSINR, the current accuracy requirements cannot be met. This may impact the mobility performance for some deployment scenarios and/or mobility configurations.



This contribution discusses RRM requirements for eMTC under coverage enhancement.
2. Discussion
2.1 Evaluation for RSRP/RSRQ accuracy
The RRM measurements accuracy requirements are defined in TS 36.133 for AWGN conditions.

RRM measurements accuracy= baseband accuracy + RF margin.

According to the companies’ simulation results for RSRP accuracy under AWGN conditions, the legacy baseband RSRP/RSRQ accuracy (3dB) can be met when SNR( -10 dB and measurement period is 800 ms[4].

Therefore, it is proposed to modify the side condition (Ês/Iot) for RSRP/RSRQ accuracy in TS36.133 section 9.

Under coverage enhancement mode, the measurement period for RSRP/RSRQ also needs to be extended to 800ms. 
Proposal 1:  It is proposed to modify the side condition of RSRP/RSRQ accuracy to Ês/Iot (-10 dB for Release 13 eMTC.
Proposal 2: It is proposed to extend the RSRP/RSRQ measurement period to 800ms for Release 13 eMTC under coverage enhancements mode.

Proposal 3: There is no need to modify RSRP/RSRQ measurement period for normal coverage for Release 13 eMTC.

2.2 Determine required SNR for non-coverage enhancement and coverage enhancement
As shown in table 1, which is based on TR36.888 table 5.2.1.2, the MCL of PUSCH is 140.7dB for 23dBm Tx power. For 15dB coverage enhancement scenario, the target MCL will be 155.7dB. 

Based on TS36.888 table 5.2.1.2, for PDSCH, if the required SNR is -4 dB, the corresponding MCL is 145.4dB.  There is a 155.7-145.4=10.3 dB gap for PDSCH

Therefore, in order to obtain a link budget as same level as 155.7dB for 15dB CE PDSCH, the corresponding PDSCH SNR at UE side will fall from -4dB to -14.3dB.

As shown in table 2, assuming no CRS boosting, the SNR of CRS for Rel-13 low complexity UEs should be 0.7 dB, -4.3 dB, -9.3dB and -14.3 dB when PRACH begins to need 0dB ,5dB, 10dB and 15dB CE respectively (corresponding to 23dBm PUSCH) as shown in table 2. 
Table 1: MCL calculation for PUSCH/PDSCH LTE FDD
	Coverage Enhancement
	0dB
	15dB
	/

	Physical channel name
	PUSCH
	PUSCH
	PDSCH

	Max Tx power  (dBm)
	23
	23
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	32.0

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	9

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	360000
	360000
	360000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-113.4
	-113.4
	-109.4 

	(7) Required SNR (dB)
	-4.3
	-4.3
	-4.0 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-117.7 
	-117.7 
	-113.4 

	(9) MCL 
         = (1) ( (8) (dB)+CE
	140.7
	155.7
	145.4

	(10) PDSCH gain= PDSCH MCL-PUSCH MCL
	4.7
	-10.3
	/

	(11) Receive PDSCH SNR at UE side = (10)+ Required PDSCH SNR
	0.7
	-14.3
	/


Table 2: RSRP measurement results for eMTC in the worst cases [2]
	Coverage Enhancement corresponding to 23dBm PUSCH
	0dB
	5dB
	10dB
	15dB

	(1) Physical channel name
	PDSCH
	PDSCH
	PDSCH
	PDSCH

	(2) MCL (dB)
	140.7
	145.7
	150.7
	155.7

	(3) Required SNR (dB)
	0.7
	-4.3
	-9.3
	-14.3 


Proposal 4: It is proposed to extend the RSRP/RSRQ measurement period to 800ms for Release 13 eMTC under coverage enhancements mode within 10dB.
Observation 1: For coverage enhancements mode beyond 10dB, further extension of the RSRP/RSRQ measurement period may be needed.

3. Conclusion
This paper discusses the RSRP/RSRQ measurement performance for MTC. 

Proposal 1:  It is proposed to modify the side condition of RSRP/RSRQ accuracy to Ês/Iot (-10 dB for Release 13 eMTC.

Proposal 2: It is proposed to extend the RSRP/RSRQ measurement period to 800ms for Release 13 eMTC under coverage enhancements mode.

Proposal 3: There is no need to modify RSRP/RSRQ measurement period for normal coverage for Release 13 eMTC.

Proposal 4: It is proposed to extend the RSRP/RSRQ measurement period to 800ms for Release 13 eMTC under coverage enhancements mode within 10dB.

Observation 1: For coverage enhancements mode beyond 10dB, further extension of the RSRP/RSRQ measurement period may be needed.
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