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1 Introduction
Although companies suggested waiting for the finalization of RF and RRM core requirements before starting the discussion on LCMTC performance requirements, it would be beneficial to reach some high level consensus on the performance part considering that quite a lot of new performance requirements were expected [1~5]. 
In this contribution, we will firstly summarize the impact of LCMTC new features on the demodulation performance and CSI requirements and what requirements RAN4 should specified based on the observations and proposals from companies’ contributions. Secondly, we would like to discuss the method to reduce the potential test case number. Finally, since General framework of the CSI requirement is part of the core WI [6], we provide our view on this part to finalize the core part for LCMTC.
2 Impact of LCMTC on CSI and performance requirements
2.1 Summary of previous discussion
In Table 1 and Table 2, the observations and proposals from companies in the previous RAN4 meetings were summarized.
Table 1: Summary of impact on UE side (36.101)
	Companies
	Reduced PDSCH BW
	TBS size of 1000bits
	Single Rx
	Half Duplex FDD
	Coverage enhancement

	NSN, Nokia (R4-136126)
	For DL demodulation performance of PDSCH will be impacted
	TBS impact on DL will be on demodulation performance of PDSCH
	Demodulation performance of data and control should be revisited to support 1Rx.

CQI reporting under AWGN and fading conditions should be updated for 1Rx
	--
	--

	Qualcomm (R4-136150)
	Additional FRC need to be defined. 
Impact: 

Demodulation requirements in Section 8, PDSCH, (E)PDCCH, PHICH, PBCH and SDR;

CSI requirement for CQI, CQI fading, PMI.
	Using 6PRBs in FRC may not be feasible and some channels need to use less number of allocation PRBs, e.g., 64QAM channel.
A new CQI to transport format table needs to be defined due to DL 64QAM.
	A new UE category is needed. RAN4 needs to update SDR tests.
It will only support a limited number of TMs.
	It is reasonable to add requirements that cover all 3 duplex modes.
	--

	Ericsson (R4-136547, R4-135314)
	Require modification to the reference measurement channel defined for PDSCH
	
	
	
	New UE demodulation requirements may be required for UE’s configured with enhanced coverage features for:

•
PDSCH reception

•
P-BCH reception

•
PDCCH/E-PDCCH reception

•
Possibly DL ACK/NACK detection (depending on RAN1 agreements)

	Huawei (R4-135533)
	Single Rx, downlink reduction and TB size limitation should be considered together
Impact:

New PDSCH, PDCCH, EPDCCH, PHICH, PBCH for TM1, TM2, TM6, TM8-10 single layer transmission, and SDR;
The existing CSI test metrics could be reused but need further confirmation. No RI and dual layer PMI test. 
	New FRC should be defined with the new PRB allocations.
	Preclude TM3/TM4 and other dual layer transmission mode.
It may be reasonable to preclude CA, FeICIC, IRC and CoMP.

New channel model and beamforming model with 1Rx should be defined
	Requirements for FDD/TDD and HD-FDD
	For coverage extension, specify two sets of performance requirements, one for low cost MTC UE and one for normal UE.
UL: specify new requirements of PUSCH, PUCCH, PRACH with enhancement scheme.

DL: specify new requirements of PDSCH, control channel and PBCH with enhancement scheme.

And no CSI requirement is needed.


Table 2: Summary of impact on BS side (36.104)

	Companies
	TBS size of 1000bits
	Single Rx
	Half Duplex FDD
	Coverage enhancement

	NSN, Nokia (R4-136126)
	Impact UL PUSCH performance, and FRC table should be revisited
	--
	It is not likely that HD-RDD will impact RAN4 BS specifications
	

	Ericsson (R4-135314)
	
	
	
	–
New BS demodulation requirements may be required to support UE’s configured with enhanced coverage features for:

•
PUSCH reception

•
PRACH detection (Relaxed Pmissed detection requirement, possibly including reception of new RACH format).

•
PUCCH detection.

	Huawei (R4-135533)
	--
	No new uplink demodulation performance requirement is needed
	--
	


2.2 Potential consensus
Based on the above summary, we try to extract some potential consensus:
· Reduced PDSCH bandwidth support: It will impact the resource allocation for the demodulation performance requirements. For the existing normal UE performance requirements, full bandwidth and single PRB allocation are mainly used. So the new reference channel will be defined for both UE demodulation performance requirements and CSI requirements.
· TB size limitation of 1000 bits: The limitation of TB size less than 1000 bits for downlink will lead to the small number of allocation PRBs for the test configuration especially when 64QAM is used. The limitation of 1000 bits should be considered when defining the reference channel for UE demodulation performance requirements. And the new reference channel for UE CQI tests should be defined. 
· UE single receive antenna support: The existing demodulation performance requirements and CSI requirements for normal UE are based on 2Rx. The utilization of single receiver antenna will have significant impact on the performance requirements. So for downlink, the new PDSCH, (E)PDCCH, PHICH, PBCH and SDR demodulation performance requirements should be specified, and the new CQI and PMI requirements with single layer transmission should be defined. 
· Half Duplex FDD operation:  It is reasonable to specify LCMTC new performance requirements based on FDD, TDD and Half Duplex for UE. But there is no impact on BS demodulation performance requirements.
· Coverage enhancement support: For downlink, the new demodulation performance requirements of PDSCH, control channel and PBCH with the coverage enhancement scheme need be specified, but no new CSI requirement is needed. For uplink, the new demodulation performance requirements of PUSCH, PUCCH, and PRACH need be specified. 
3 Reduction of test case number for performance part
For LCMTC, the new UE category/type with single Rx and reduced PDSCH bandwidth will be defined, the half duplex FDD will be utilized, and the coverage enhancement techniques will be specified. Each of them would have the significant impact on RAN4 performance specification. And if the combinations of them were considered, which is summarized in Table 3, the test case number will proliferate.
Table 3: Potential test case sets considering the combinations of all the new LCMTC features
	Test set num.
	Combination of LCMTC features

	1
	New UE category (1-Rx, reduced PDSCH bandwidth) + FDD

	2
	New UE category (1-Rx, reduced PDSCH bandwidth) + TDD

	3
	New UE category (1-Rx, reduced PDSCH bandwidth) + HD-FDD

	4
	New UE category (1-Rx, reduced PDSCH bandwidth) + FDD + coverage enhancement

	5
	New UE category (1-Rx, reduced PDSCH bandwidth) + TDD + coverage enhancement

	6
	New UE category (1-Rx, reduced PDSCH bandwidth) + HD-FDD + coverage enhancement

	7
	Legacy UE category (2-Rx) + FDD + coverage enhancement

	8
	Legacy UE category (2-Rx) + TDD + coverage enhancement


One general view is to try to reduce the test case number. To reach that goal, the following proposals could be considered:
· Limit the transmission modes for the test to one or two widely used ones;
· Define the test set-up which could be used for both FDD and HD-FDD, e.g., scheduling only one subframes every 8 subframes during the test. So the resulted performance requirements could be applied for both FDD and HD-FDD, which will be discussed in detailed in the accompanied paper;
Moreover, whether the Test set #7 and #8 should be specified within LCMTC WID may need more discussion given that the related scenarios were not specific for LCMTC.
4 CSI requirements for LCMTC

In R4-126047, it was described that
When the work split was initially discussed in R4-080518, only the framework of CQI requirements were considered as core. The following clarification based on R4-080518 is to be followed again for the CSI requirements 

•
General framework of the CSI requirement is part of the core WI 

•
Final CSI requirements and tests are part of the performance WI

And it was also read that
As part of the decision on framework, following aspects are defined in current requirements in Rel-8/9/10:
· CQI reporting for static channel with BLER metric

· CQI reporting for fading channel with BLER, spread and relative throughput metrics

· Reporting of PMI with relative throughput metric

· Reporting of RI with relative throughput metric
Therefore, in order to finalize the core part for LCMTC, we should reach the conclusion on the framework of CQI requirements. In our view, we think that
· Firstly, the framework of CSI requirements would not need changed for LCMTC. So there is no impact of LCMTC on CSI core part;
· Secondly, the new reference channel and channel model with 1Rx for CSI requirements need be specified in performance part.
5 Conclusions

In this contribution, we discuss the issues on LCMTC performance requirements. We think that it would be beneficial to reach the high level consensus about the impacts of LCMTC on demodulation performance requirements, which are
· Reduced PDSCH bandwidth support: It will impact the resource allocation for the demodulation performance requirements. For the existing normal UE performance requirements, full bandwidth and single PRB allocation are mainly used. So the new reference channel will be defined for both UE demodulation performance requirements and CSI requirements.

· TB size limitation of 1000 bits: The limitation of TB size less than 1000 bits for downlink will lead to the small number of allocation PRBs for the test configuration especially when 64QAM is used. The limitation of 1000 bits should be considered when defining the reference channel for UE demodulation performance requirements. And the new reference channel for UE CQI tests should be defined. 

· UE single receive antenna support: The existing demodulation performance requirements and CSI requirements for normal UE are based on 2Rx. The utilization of single receiver antenna will have significant impact on the performance requirements. So for downlink, the new PDSCH, (E)PDCCH, PHICH, PBCH and SDR demodulation performance requirements should be specified, and the new CQI and PMI requirements with single layer transmission should be defined. 

· Half Duplex FDD operation:  It is reasonable to specify LCMTC new performance requirements based on FDD, TDD and Half Duplex for UE. But there is no impact on BS demodulation performance requirements.
· Coverage enhancement support: For downlink, the new demodulation performance requirements of PDSCH, control channel and PBCH with the coverage enhancement scheme need be specified, but no new CSI requirement is needed. For uplink, the new demodulation performance requirements of PUSCH, PUCCH, and PRACH need be specified. 
And in order to reduce the test case number, we propose that

· Proposal 1: to reduce the test case number, it is proposed that
· Limit the transmission modes for the test to one or two widely used ones;

· Define the test set-up which could be used for both FDD and HD-FDD, e.g., scheduling only one subframes every 8 subframes during the test. So the resulted performance requirements could be applied for both FDD and HD-FDD, which will be discussed in detailed in the accompanied paper;

For LCMTC CQI requirements, our proposals are
· Proposal 2: there is no impact of LCMTC on CSI core part

· Firstly, the framework of CSI requirements would not need changed for LCMTC. So there is no impact of LCMTC on CSI core part;

· Secondly, the new reference channel and channel model with 1Rx for CSI requirements need be specified in performance part.

6 Reference
[1] NSN, Nokia, R4-136126, “Overview of RAN4 specification impact for low-cost MTC”, 3GPP TSG-RAN WG4 Meeting #69, San Francisco, CA, US, 11 - 15 Nov, 2013.
[2] Qualcomm, R4-136150, “Initial Analysis on Requirements for MTC UEs”, 3GPP TSG-RAN WG4 Meeting #69, San Francisco, CA, US, 11 - 15 Nov, 2013.
[3] Ericsson, R4-136547, “Impact of Reduced Transport Block Size on Low cost MTC UE in LTE”, 3GPP TSG-RAN WG4 Meeting #69, San Francisco, CA, US, 11 - 15 Nov, 2013.
[4] Ericsson, R4-135314, “Overview of Issues for Low cost & Enhanced Coverage MTC UE for LTE”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11st October, 2013.

[5] Huawei, HiSilicon, R4-135533, “Initial discussion on low cost MTC requirements”, 3GPP TSG-RAN WG4 Meeting #68bis, Riga, Latvia, 7th – 11st October, 2013.
[6] WG Chairmen, R4-126047, “Clarification on Core / Performance Split for CSI Reporting Requirements”, 3GPP TSG-RAN WG4 #64bis, Oct. 8th – Oct 12th, 2012, Santa Rosa, CA, USA






