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1	Introduction
As major portions of Rel-13 eMTC core requirements have been specified in RAN4, specification on demodulation performance for eMTC shall be considered based on WID.  This paper addresses potential specification impact on PUSCH demodulation performance of Cat-M UE.
Coverage enhancement is an important feature for Rel-13 eMTC, as specified in RAN1 [1].  For coverage enhancement support, it is proposed to provide up to 15dB enhancement from Cat-1 UE.  It is also agreed that there is no BS RF impact for Rel-13 eMTC [2], indicating legacy BS REFSENS requirements and other BS requirements shall be applied for Cat-M in uplink.  In order to support coverage enhancement, Cat-M uplink performance shall be verified with demodulation performance requirements.
This paper provides discussions on PUSCH performance considerations to support Rel-13 eMTC.  Cat-M UE PUSCH performance requirements are discussed with simulation assumption to study 

2	Coverage enhancement support
An important feature for the Rel-13 eMTC is the introduction of coverage enhancement mode for both UL and DL.  The general coverage enhancement target, as discussed in RAN1, is 155.7dB MCL for both FDD and TDD.  This target is 15dB enhancement from LTE Cat-1 UE.  This target is assuming that the maximum UE transmission power is 23dBm and 20dBm, which is a new UE power class, recently agreed in RAN4 for Rel-13 eMTC.
The key technical enhancement to support up to 15dB enhancement is the application of sub-frame repetition.  For PUSCH, up to 2048 repetition levels can be applied to reach the target CE level.  Based on [3], the maximum repetition levels of PUSCH of CE Mode-A and CE Mode-B can be summarized in Table 1.
[bookmark: _Ref442542600]Table 1    Repetition levels for PUSCH of CE Mode-A and CE Mode-B
	CE Mode
	Maximum Repetition numbers
	Default max repetition number

	Mode-A
	8, 16, 32
	8

	Mode-B
	192, 256, 384, 512, 768, 1024, 1536, 2048
	512




3	Performance requirements for coverage enhancement support
The legacy PUSCH performance requirements are defined as the required SNR levels to reach a fraction of maximum throughput with given modulation types and coding rates specified in FRC.  For normal UE without coverage enhancement, the legacy PUSCH performance requirements shall be applied.  There is no need to define new PUSCH requirements for UE with repetition of 1.
For UE with other repetition number, similar approach shall be applied to specify PUSCH requirements.  For CE Mode-A and Mode-B UE, its coding rates will be much lower due to subframe repetition.  It is expected that the maximum throughput will be reduced proportionally to the number of repetition levels.
For propagation channel and MIMO configuration, there is no need to test Cat-M UE performance under EVA and ETU channel, given Cat-M UE will be mostly likely static in physical location.  EPA5 shall be used to specify PUSCH performance.
Proposal 1:	Only EPA5 propagation channel shall be used to specify Cat-M PUSCH performance under CE.
On modulation, QPSK shall be used for performance specification.
Proposal 2:	QPSK shall be used for Cat-M PUSCH performance requirements.

4	Simulation assumptions for eMTC PUSCH demodulation
Simulation is needed to evaluate PUSCH performance under various repetition levels for Mode-A and Mode-B Cat-M UE.  The simulation assumptions are proposed in Table 2.
[bookmark: _Ref442544027]Table 2    Simulation assumptions for PUSCH of Cat-M CE mode
	Parameters
	Value

	Propagation conditions
	EPA5

	# of TX antennas
	1

	# of RX antennas
	2, 4, 8

	Antenna correlation
	Low

	Noise model
	AWGN

	Channel bandwidth (MHz)
	1.4, 3, 5, 10, 15, 20

	Number of PRBs
	6

	Cyclic perfix
	Normal

	Modulation scheme
	QPSK

	Repetition level: Mode-A
	8, [32]

	Repetition level: Mode-B
	512, [1024]




Two repetition levels are proposed for each CE Mode, with consideration of reducing number of test cases.  A total of 4 repetition levels are defined, as 8, [32], 512, [1024].
Proposal 3:	Repetition levels of 8, [32], 512, [1024] shall be used for PUSCH demod performance.
Related FRC tables to support these repetition levels shall also be defined with corresponding code rates.

5	Conclusions
PUSCH performance requirements are discussed in this contribution to address Cat-M uplink demodulation performance requirements.  Based on the discussion, we propose:
[bookmark: _GoBack]Proposal 1:	Only EPA5 propagation channel shall be used to specify Cat-M PUSCH performance under CE.
Proposal 2:	QPSK shall be used for Cat-M PUSCH performance requirements.
Proposal 3:	Repetition levels of 8, [32], 512, [1024] shall be used for PUSCH demod performance.
Simulation assumptions are also provided in Table 2 with proposals of repetition levels for Mode-A and Mode-B.  
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