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1   Background
In RAN#75, the new WI on even further enhanced MTC for LTE was approved in [1]. According to the TU allocation, there are totally 4 meetings for the performance part and RAN4#86bis is the first meeting. So we should begin to discuss the performance requirements from this meeting.
In this contribution, we provide some initial discussions for eFeMTC performance requirements.
2   Discussion

2.1   Summary of progresses and analyses of impact on UE performance
In Table 1, we summarized the progresses and the corresponding impacts on UE demodulation performance requirements. According to analysis, the following impacts on UE demodulation performance requirements are indentified:
· Support higher UE velocity: define the new UE demodulation requirements under higher Doppler spread, e.g., 220Hz.

· Frequency domain CRS muting: centre 6PRB CRS should be assumed for the new demodulation performance requirements.
· Support DL 64QAM: new UE demodulation performance requirements supporting 64QAM will be defined.

· More flexible PDSCH resource allocation: the corresponding configuration should be considered.

Table 1: Summary of progresses and the corresponding impacts on UE demodulation performance requirements

	New feature
	Leading WG
	Descriptions
	Impact on UE demodulation

	New requirements
	Support higher UE velocity
	RAN4
	For non-DRX requirements with gap pattern #0 and for intra-frequency measurement

1. Reuse Rel-13 cell identification and measurement delay requirements in high Doppler channel up to 220Hz Doppler spread. 

2. Reuse Rel-13/14 measurement accuracy requirements in high Doppler channel up to 220Hz Doppler spread
3. A new measurement gap sharing table will be introduced. Inter-frequency measurement requirements may be introduced.
	A new UE demodulation performance requirement under higher Doppler spread is needed, and the reference receiver is the same as for FeMTC UE.

	
	Lower UE power class
	RAN4
	Power class 6 for Cat M1/M2 UE.
	No impact on UE demodulation.

	
	New gaps for dense PRS configurations
	RAN4/2
	More than one new measurement gap pattern are introduced to support dense PRS and gap pattern ID is signaled to UE. The detailed MGL and MGPR is under discussion.
	No impact on UE demodulation.
New gap patterns and the new RRM/RLM requirements introduced

	Improved latency
	Reduced system acquisition time
	RAN1
	1. The new periodic sync signal is defined used for re-synchronization with the new format and configurations.
2. No new PBCH repetition.

3. SI update indication in DCI format 6-2 is up to RAN2.

4. FFS mechanisms for skipping MIB decoding.
	No impact on UE demodulation.
The corresponding RRM requirements including CGI reading may be defined.

	
	Early data transmission during random access
	RAN2/1
	The early DL/UL transmission after paging and before RRC connection established. TBS used for uplink transmissions and its configuration are partially finalized.
	No impact on UE demodulation.
Maybe RAN5 test defined.

	Improved power consumption
	Wake-up signaling/new periodic sync signaling
	RAN1
	A new configurable periodic sync signal is introduced to provide. FFS on its functionality. WUS/DTX like signal will be provided for idle mode paging in order for power saving. For UE operating WUS, UE is allowed to relax RRM requirements for low mobility UE, to once every N DRX cycles. WUS design is partially complete. 
	No impact on UE demodulation.
The relaxed RRM requirements might be specified in idle mode and the test case would be impacted.

	
	Uplink HARQ-ACK feedback
	RAN1
	It is for early termination of MPDCCH monitoring and PUSCH transmission. Upon receiving a PUSCH early termination DCI, UE shall stop the ongoing PUSCH transmission following defined timing for FD-FDD and TDD. For HD-FDD, it is not supported in Rel-15.
Early termination of MPDCCH and/or PUSCH can be used to complete RRC connection release procedure faster.
	No impact on UE demodulation.
It may impact the RRM requirements like RRC connection release. And the new BS demodulation behavior might be needed. But maybe no new requirement needed

	
	Relaxed monitoring for cell reselection
	RAN2
	Will have relaxed monitoring for MTC. Further discussion in on-going. Relaxed monitoring applies to neighbor cell measurements in Idle mode.
	No impact on UE demodulation.

May impact RRM.

	Improved spectral efficiency
	Frequency domain CRS muting
	RAN4/1
	1. For initial cell acquisition, when UE has EARFCN pre-provisioning, UE may assume that there is no full BW CRS transmission. When UE does not have EARFCN pre-provisioning, full BW CRS is transmitted in 1DL subframe every TBD ms.
2. For category M2, in a cell where CRS muting is applied, 6 or 24 center PRBs will be transmitted and the timing error requirements are different. There is need for the network to inform UE about the number of PRBs.
3. For category M1, always center 6PRB CRS is  transmitted.
	The 6PRB CRS configurations should be assumed for the new demodulation performance requirements.

	
	Increased PDSCH efficiency: DL 64QAM
	RAN1
	Support DL 64QAM for MTC UE in CE Mode A. The corresponding MCS, TBS selection and CQI tables are defined.
	New UE demodulation with DL 64QAM should be introduced.

	
	Increased PUSCH spectrum efficiency
	RAN1
	PUSCH sub-PRB allocation. 2 of 3 sub-carrier pi/2 BPSK transmission is introduced together with DMRS. And 3 and 6 sub-carrier QPSK transmissions are introduced. The corresponding transmission schemes are defined.
	No impact on UE demodulation.

New BS demodulation requirements need be introduced.

	
	More flexible PDSCH/PUSCH resource allocation
	RAN1
	For a BL/CE UE, higher layer signaling enable/disable the more flexible starting PDSCH/PUSCH RPB. Schemes are partially finalized.
	The configurations may need be considered in the UE and BS demodulation tests.

	Improved load control
	Improved access/load control of idle mode UEs
	RAN2
	FFS
	No impact on UE demodulation.


2.2   New UE demodulation performance requirements
Based on the discussion above, we identify the following aspects, which could have impact on UE fundamental algorithm and/or implementation. In other words, the test purposes of the new UE demodulation performance requirements for eFeTMC include the following aspects.
· Proposal 1: The test purposes of the new eFeMTC UE demodulation performance requirements include

· Verify the downlink demodulation performance supporting 64QAM with 1Rx for Cat-M1/M2 UE.
· Verify the CQI reporting supporting 64QAM for Cat-M1/M2 UE with 1Rx

· Verify the demodulation performance under the propagation condition with higher Doppler spread, e.g., 220Hz for 1Rx Cat-M1/M2 UE.

· Verify the time and frequency tracking performance when only centre 6/24-PRB CRS is available (6-PRB is the worst case)

· Verify the functionality of Cat-M1/M2 UE supporting flexible PDSCH resource allocation.

Here, we only consider 1Rx Cat-M1/M2 UE because in the justification part of WID it was read that further improvements building on the enhancements introduced in Rel-13 and Rel-14 are desired in Rel-15. 
Keeping those test purposes in mind, we firstly would like to review the existing UE demodulation performance requirements for eMTC/FeMTC, and then discuss what new requirements are needed.
In Table 2, we summarized the UE demodulation performance requirements for Cat-M1/M2 UE with supporting enhanced coverage. As we can see that all the UE demodulation performance requirements are defined under the low Doppler spread propagation conditions. The highest modulation order is 16QAM.
Table 2: UE demodulation performance requirements for Cat-M1/M2 UE in Rel-13/14 (FDD)
	Section number
	Name
	Descriptions

	8.11.1 PDSCH
	8.11.1.1.1
	Closed-loop spatial multiplexing performance FDD/HD-FDD (CRS based)
	CE Mode A, TM6 10MHz 16QAM 1/2 EPA5 2x1 Low, 3PRB allocated

	
	8.11.1.1.2 Test 1
	Closed-loop spatial multiplexing performance FDD/HD-FDD  (User-Specific Reference Symbols)
	CE Mode A, TM9 10MHz QPSK 1/3 EPA5 2x1 Low, 6PRB allocated

	
	8.11.1.1.3.1 Test 1
	Transmit diversity performance FDD/HD-FDD (Cell-Specific Reference Symbols) Narrow band (Cat-M1)
	CE Mode B, TM2 10MHz QPSK 1/10 ETU1 2x1 Low, 6PRB allocated

	
	8.11.1.1.3.1 Test 2
	Transmit diversity performance FDD/HD-FDD (Cell-Specific Reference Symbols) Narrow band (Cat-M1)
	CE Mode A, TM2 10MHz 16QAM 1/2 EPA5 2x1 Low, 3PRB allocated

	
	8.11.1.1.3.2 Test 1
	Transmit diversity performance FDD/HD-FDD (Cell-Specific Reference Symbols) Narrow band (Cat-M2)
	CE Mode A, TM2 10MHz 16QAM 1/2 EPA5 2x1 Low, 18PRB allocated

	
	8.11.1.1.3.2 Test 2
	Transmit diversity performance FDD/HD-FDD (Cell-Specific Reference Symbols) Narrow band (Cat-M2)
	CE Mode B, TM2 10MHz QPSK 1/10 ETU1 2x1 Low, 18PRB allocated

	8.11.2 MPDCCH
	8.11.2.1.1 Test 1
	CE Mode A MPDCCH
	CE mode A, 10MHz 16ECCE EPA5 2x1 Low

	
	8.11.2.1.2 Test 1
	CE Mode B MPDCCH
	CE Mode B, 10MHz 24ECCE ETU1 2x1 Low

	8.11.3 PBCH
	8.11.3.1.1
	PBCH transmit diversity
	10MHz, EPA1, 2x1 Low

	9.8 CSI
	9.8.1 
	CQI reporting definition under AWGN
	10MHz AWGN 1x1

	
	9.8.2
	UE-selected subband CQI
	10MHz Two path channel  1x1


According to the test purpose, there is no need to introduce the new MPDCCH or PBCH demodulation performance requirements. Only the new PDSCH demodulation performance requirements are needed. 

· Proposal 2: For Rel-15 eFeMTC, no additional MPDCCH and PBCH demodulation performance requirement is needed.

For PDSCH, one requirement should be introduced to verify the support DL 64QAM for Cat-M1/M2 UE. We may have two choices: one is based on TM6 and the other is based on TM9. Considering the test purpose to verify the support of CRS muting, we would like to propose to use TM9 for the test.

Regarding the TBS, the maximum number of TBS supported is 1000 bit per TTI for Cat M1 and 4008 bit per TTI for Cat M2.  According to the agreements in RAN1, i.e., the TBS is determined using Table 7.1.7.2.1-1 in TS 36.213 with the following restriction: the max TBS in Rel-14 is used wherever the TBS value in Table 7.1.7.2.1-1 exceeds the max TBS in Rel-14, and considering that 3PRB is the PRG based scheduling granularity for 10MHz, we propose to consider 3PRB resource allocation with 968 bits TBS as the fixed reference channel for 64QAM demodulation performance requirements.

· Proposal 3: For Rel-15 eFeMTC, introduce PDSCH closed-loop spatial multiplexing demodulation performance requirements in CE Mode A with TM9 64QAM, 3PRB allocation, TBS=968, center 6PRB CRS transmitted, and under EPA5 2x1 low to verify the support of DL 64QAM and time-and-frequency tracking by using center 6PRB CRS for FDD/HD-FDD and TDD, and the requirement will be applied to UE based on UE capability.
Besides, the new CQI table including 64QAM was introduced for eFeMTC. So the new CQI test case would be needed. For FeMTC, both CQI definition test and CQI frequency selected test cases are introduced. For eFeMTC, the fundamental change is to support 64QAM CQI reporting and thus the CQI definition test is more relevant. To reduce the test case number, we propose that

· Proposal 4: For Rel-15 eFeMTC, introduce CQI reporting test point at high SNR level to incorporate 64QAM CQI index for FDD/HD-FDD and TDD, and the requirement will be applied to UE based on UE capability.

In order to verify the support of high velocity, we would like to modify the existing Test 2 in section 8.11.1.1.3.1 for Cat M1 and Test 1 in section 8.11.1.1.3.2 for Cat M2 by replacing the channel model with EPA200. The reason behind 200Hz Doppler spread is that for RRM tests it was agreed to consider 220Hz Doppler spread for high velocity, and EPA200 was already used for the other demodulation performance requirements.
· Proposal 5: For Rel-15 eFeMTC, introduce PDSCH transmit diversity performance requirements in CE Mode A with TM2 16QAM 1/2 under EPA200 for FDD/HD-FDD and TDD.

For UE who supports the flexible PDSCH resource allocation, we can use the flexible resource allocation as the configuration.

· Proposal 6: In the performance requirements proposed in Proposal #4, we can incorporate the verification of functionality of flexible resource allocation as the additional configuration or additional test case.

3   Conclusions
In this contribution, we discuss the UE demodulation performance requirements for eFeMTC. Based on our analysis, we propose that
· Proposal 1: The test purposes of the new eFeMTC UE demodulation performance requirements include

· Verify the downlink demodulation performance supporting 64QAM with 1Rx for Cat-M1/M2 UE.

· Verify the CQI reporting supporting 64QAM for Cat-M1/M2 UE with 1Rx

· Verify the demodulation performance under the propagation condition with higher Doppler spread, e.g., 220Hz for 1Rx Cat-M1/M2 UE.

· Verify the time and frequency tracking performance when only centre 6/24-PRB CRS is available (6-PRB is the worst case)

· Verify the functionality of Cat-M1/M2 UE supporting flexible PDSCH resource allocation.
· Proposal 2: For Rel-15 eFeMTC, no additional MPDCCH and PBCH demodulation performance requirement is needed.

· Proposal 3: For Rel-15 eFeMTC, introduce PDSCH closed-loop spatial multiplexing demodulation performance requirements in CE Mode A with TM9 64QAM, 3PRB allocation, TBS=968, center 6PRB CRS transmitted, and under EPA5 2x1 low to verify the support of DL 64QAM and time-and-frequency tracking by using center 6PRB CRS for FDD/HD-FDD and TDD, and the requirement will be applied to UE based on UE capability.

· Proposal 4: For Rel-15 eFeMTC, introduce CQI reporting test point at high SNR level to incorporate 64QAM CQI index for FDD/HD-FDD and TDD, and the requirement will be applied to UE based on UE capability.

· Proposal 5: For Rel-15 eFeMTC, introduce PDSCH transmit diversity performance requirements in CE Mode A with TM2 16QAM 1/2 under EPA200 for FDD/HD-FDD and TDD.

· Proposal 6: In the performance requirements proposed in Proposal #4, we can incorporate the verification of functionality of flexible resource allocation as the additional configuration or additional test case.
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