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1 Introduction
In RAN plenary meeting #63, the revised WID [1] was approved and it was agreed [2] that 

· MTC low cost and extended coverage
· Finalize MTC low-cost in Rel-12
· Continue MTC Coverage enhancements in Rel-13.
So the scope was reduced at RAN#63 to just focus on the low complexity UE aspects. And 0.75 TU was officially allocated for MTC RRM and demodulation performance part [3].
In RAN4 meeting #70, the impacts of MTC on the demodulation performance specifications were analyzed, and the method to reduce the test case number and impact on CSI core part were discussed. In this contribution, taking the RAN decision on the scope, we will focus on the low cost part. 
Firstly, we will analyze the impact on RAN4 performance requirements. Secondly, we will further discuss the method to reduce the test case number. Thirdly we try to list the demodulation performance and CSI requirements to be specified. 
2 Impact of LCMTC on demodulation performance and CSI requirements
Based on the discussion in [4], we summarize the impact of each technique on demodulation performance and CSI requirements:
· 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 (HD-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.
· 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. 
· PDCCH/EPDCCH scheduling: The final decision on how to schedule data by using PDCCH/EPDCCH is still under discussion in RAN1. If the cross-subframe scheduling, some functionality tests would be considered when designing the LCMTC PDSCH tests.
From the analysis above, we observe that there would be no impact on BS demodulation performance requirements. So we propose that:
· Proposal 1: There is no impact of low cost MTC on BS demodulation performance requirements.

According to the discussion in [4], we observe 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.

Therefore, we propose that:

· Proposal 2: there is no impact of LCMTC on CSI core part.

3 Applicability of LCMTC test cases: new UE category and HD-FDD
The new UE category for LCMTC is under discussion in RAN1. This new UE category would be characterized at least by the single receive antenna and TB size limitation for unicast transmission and common channel. 

In our understanding, if such new UE category with single antenna and TB size limitation was specified, all the new demodulation and CSI requirements designed should be applied only to that UE category.
· Proposal 3: The new demodulation performance and CSI requirements with single receive antenna and TBS limitation should be applied only to the new UE category specified for LCMTC.

In our understanding, the LCMTC could support three duplexing modes: FDD, HD-FDD and TDD. So the demodulation performance and CSI requirements should cover all these three duplexing modes.
· Proposal 4: The LCMTC demodulation performance and CSI requirements should cover FDD, HD-FDD and TDD.

4 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, and the half duplex FDD will be utilized. Each of them would have the significant impact on RAN4 performance specification. 
In [4] in order to reduce the test case number for performance part, we propose 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.
Besides, in Table A.1 and Table A.2 in the Annex, we list all the existing demodulation performance and CSI requirements according to the individual feature based on the TS36.101 Release-12. The intention is to prioritize all the performance requirements in order to meet the time frame of MTC with completion of the most useful test cases.
We suggest prioritizing the baseline CRS transmission mode/DMRS transmission mode performance, baseline PDCCH, baseline PHICH and sustained data rate test if there is a new UE category introduced, and put the requirements for other features in low priority.
· Proposal 5: 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, so the resulted performance requirements could be applied for both FDD and HD-FDD;

· Prioritize the performance requirements for baseline CRS and DMRS TM, baseline PDCCH, baseline PHICH, EPDCCH, and baseline sustained data rate test if there is a new UE category introduced;
· There is no need to specify the performance requirements with multiple-layer transmission.
5 List of demodulation and CSI test cases for low cost MTC
In Table 1, we list the demodulation performance and CSI requirements proposed for low cost MTC according to the previous proposals. And the requirements should be specified for FDD, TDD and half-duplex FDD modes with the modification of receiver antenna number and corresponding channel model. 
And we remove some test case and keep ones that would be widely used in the practical network, and we remove the PBCH test cases due to lack of feasibility of conducting PBCH test.
Besides, considering the TB size limitation, the new reference channel with partial PRB allocation (maybe less than 6PRB) should be specified.
Table 1: List of the demodulation performance and CSI requirements in high priority for low cost MTC
	Feature
	Description

	Baseline CRS TM Perf.
	TM1 for 1-Tx port with full or single PRB allocation (Clause 8.2.1.1);

TM2 Tx-div with 2-Tx and 4-Tx (Clause 8.2.1.2.1/8.2.1.2.2);

TM4 1-layer with 2-Tx (Clause 8.2.1.4.1);

TM4 1-layer with 4-Tx (Clause 8.2.1.4.1A);

CQI definition under AWGN PUCCH 1-0 (Clause 9.2.1.1);

Frequency-selective scheduling mode CQI PUSCH 3-0 (Clause 9.3.1.1.1);

Frequency non-selective scheduling mode CQI PUCCH 1-0 (Clause 9.3.2.1.1);

Frequency-selective interference PUSCH 3-0 (Clause 9.3.3.1.1);

Single PMI PUSCH 3-1 (Clause 9.4.1.1.1);

Multiple PMI PUSCH 1-2 (Clause 9.4.2.1.1);

	Baseline DMRS TM Perf.
	TM9 1-layer without interfering transmission (Clause 8.3.1.1);

Frequency-selective scheduling mode CQI PUSCH 3-1 (Clause 9.3.1.2.1);

Frequency non-selective scheduling mode CQI PUCCH 1-1 (Clause 9.3.2.2.1);

Single PMI using CSI-RS PUSCH 3-1 (Clause 9.4.1.3.1);

Multiple PMI using CSI-RS PUSCH 1-2 (Clause 9.4.2.3.1); 

	Baseline PDCCH/PCFICH
	PDCCH with 1-Tx (Clause 8.4.1.1);

PDCCH transmit diversity with 2-Tx (Clause 8.4.1.2.1);

PDCCH transmit diversity with 4-Tx (Clause 8.4.1.2.2);

	Baseline PHICH
	PHICH with 1-Tx (Clause 8.5.1.1);

PHICH transmit diversity with 2-Tx (Clause 8.5.1.2.1);

PHICH transmit diversity with 4-Tx (Clause 8.5.1.2.2);

	Baseline sustained data rate test
	SDR with the single CC configuration if the new UE category is specified (Clause 8.7.1).

	EPDCCH
	Sustained data rate test with EPDCCH scheduling for new UE Category (Clause 8.7.3);

Distributed transmission mode (Clause 8.8.1.1);

Localized transmission mode with TM9 (Clause 8.8.2.1);

Localized transmission mode with TM10 quasi co-location Type-B (Clause 8.8.3.1).


6 Conclusions

In this contribution, we analyze the impact of low cost MTC on the performance requirements. And we discuss the way to reduce the test case number for low cost MTC and correspondingly provide the list of test cases.

The proposals are summarized below:
And in order to reduce the test case number, we propose that

· Proposal 1: There is no impact of low cost MTC on BS demodulation performance requirements.
· Proposal 2: There is no impact of LCMTC on CSI core part.
· Proposal 3: The new demodulation performance and CSI requirements with single receive antenna and TBS limitation should be applied only to the new UE category specified for LCMTC.

· Proposal 4: The LCMTC demodulation performance and CSI requirements should cover FDD, HD-FDD and TDD.
· Proposal 5: 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, so the resulted performance requirements could be applied for both FDD and HD-FDD;

· Prioritize the performance requirements for baseline CRS and DMRS TM, baseline PDCCH, baseline PHICH, EPDCCH, and baseline sustained data rate test if there is a new UE category introduced;

· There is no need to specify the performance requirements with multiple-layer transmission.

The future work that should be done for LCMTC would include:

· Decide what demodulation performance and CSI requirements should be specified for LCMTC;

· Specify the new channel model with the single receive antenna;
· Specify the new reference chancel fulfilling the TB size limitation for LCMTC feature.
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Table A.1: List of the existing demodulation performance and CSI requirements in Release 12 (FDD)

	Feature
	Description

	Baseline CRS TM Perf.
	Clause 8.2.1.1 TM1 for 1-Tx port with full or single PRB allocation;

Clause 8.2.1.2.1/8.2.1.2.2 TM2 Tx-div with 2-Tx and 4-Tx;

Clause 8.2.1.3.1/8.2.1.3.2 TM3 with 2-Tx and 4-Tx;

Clause 8.2.1.4.1 TM4 1-layer with 2-Tx;

Clause 8.2.1.4.1A TM4 1-layer with 4-Tx;

Clause 8.2.1.4.2 TM4 2-layer with 2-Tx;

Clause 8.2.1.4.3 TM4 2-layer with 4-Tx;

Clause 9.2.1.1 CQI definition under AWGN PUCCH 1-0;

Clause 9.2.2.1 Dual codeword CQI under AWGN PUCCH 1-1;

Clause 9.3.1.1.1 Frequency-selective scheduling mode CQI PUSCH 3-0;

Clause 9.3.2.1.1 Frequency non-selective scheduling mode CQI PUCCH 1-0;

Clause 9.3.3.1.1 Frequency-selective interference PUSCH 3-0;

Clause 9.3.4.1.1 UE-selected subband CQI PUSCH 2-0;

Clause 9.3.4.2.1 UE-selected subband CQI PUCCH 2-0;

Clause 9.4.1.1.1 Single PMI PUSCH 3-1;

Clause 9.4.1.2.1 Single PMI PUCCH 2-1 UE selected mode;

Clause 9.4.2.1.1 Multiple PMI PUSCH 1-2;

Clause 9.4.2.2.1 Multiple PMI PUSCH 2-2 UE selected mode;

Clause 9.5.1.1 Rank test with CRS PUCCH 1-1 TM4;

	Baseline DMRS TM Perf.
	Clause 8.3.1.1 TM9 1-layer with or without interfering transmission;

Clause 8.3.1.2 TM9 2-layer with Cell 2 as interfering to verify SNR estimation;

Clause 9.2.3.1 Dual codeword CQI under AWGN PUCCH 1-1;

Clause 9.3.1.2.1 Frequency-selective scheduling mode CQI PUSCH 3-1;

Clause 9.3.2.2.1 Frequency non-selective scheduling mode CQI PUCCH 1-1;

Clause 9.4.1.3.1 Single PMI using CSI-RS PUSCH 3-1;

Clause 9.4.2.3.1 Multiple PMI using CSI-RS PUSCH 1-2 

Clause 9.5.2.1 Rank test with CSI-RS PUCCH 1-1;

	Baseline PDCCH/PCFICH
	Clause 8.4.1.1 PDCCH with 1-Tx;

Clause 8.4.1.2.1 PDCCH transmit diversity with 2-Tx;

Clause 8.4.1.2.2 PDCCH transmit diversity with 4-Tx;

	Baseline PHICH
	Clause 8.5.1.1 PHICH with 1-Tx;

Clause 8.5.1.2.1 PHICH transmit diversity with 2-Tx;

Clause 8.5.1.2.2 PHICH transmit diversity with 4-Tx;

	Baseline PBCH
	Clause 8.6.1.1 PBCH with 1-Tx;

Clause 8.6.1.2.1 PBCH transmit diversity with 2-Tx;

Clause 8.6.1.2.2 PBCH transmit diversity with 4-Tx;

	Baseline sustained data rate test
	Clause 8.7.1 SDR with the single CC configuration

	MBSFN
	Clause 10.1

	CA
	Clause 8.2.1.3.1 TM3 with 2Tx 2x10MHz and 2x20MHz;

Clause 8.2.1.3.1A Soft buffer management test with TM3;

Clause 8.2.1.4.3 TM4 2-layer with 4Tx 2x10MHz and 2x20MHz;

Clause 8.2.1.7 Intra-band C CA power imbalance test;

Clause 8.7.1 SDR with multiple CCs configuration;

Clause 9.6.1.1 Additional differential CQI requirement for CA;

	Type-A receiver (IRC)
	Clause 8.2.1.2.4 Type-A TM2 with TM3 interference;

Clause 8.2.1.4.1B Type-A TM6 1-layer with TM4 interference 2-Tx;

Clause 8.3.1.1A Type-A TM9 1-layer with TM9 interference 2Tx;

Clause 9.2.4.1 Dual codeword CQI under AWGN PUCCH 1-1;

Clause 9.3.5.1.1 Type-A additional CQI requirement PUCCH 1-0 TM1;

Clause 9.3.5.2.1 Type-A additional CQI requirement PUCCH 1-1 TM9;

	CoMP
	Clause 8.3.1.3 CoMP with quasi co-location type B configuration: DPS and DPB;

Clause 9.3.6.1 CoMP CSI requirement with multiple CSI processes PUSCH 3-1;

Clause 9.5.5.1 CoMP rank with multiple CSI processes PUCCH 1-1 TM10;

	eICIC/FeICIC
	Clause 8.2.1.2.3 TM2 eICIC;

Clause 8.2.1.2.3A TM2 FeICIC;

Clause 8.2.1.3.3 TM3 eICIC with non-MBSFN and MBSFN ABS;

Clause 8.2.1.3.4 TM3 FeICIC with non-MBSFN ABS;

Clause 8.2.1.4.1C TM6 1-layer FeICIC with non-MBSFN ABS;

Clause 8.4.1.2.3 eICIC PDCCH with 2-Tx non-MBSFN and MBSFN ABS;

Clause 8.4.1.2.4 FeICIC PDCCH with 2-Tx non-MBSFN and MBSFN ABS;

Clause 8.5.1.2.3 eICIC PHICH with 2-Tx;

Clause 8.5.1.2.4 FeICIC PHICH with 2-Tx;

Clause 8.6.1.2.3 FeICIC PBCH-IC with 2-Tx;

Clause 9.2.1.3 eICIC CQI definition under AWGN PUCCH 1-0;

Clause 9.2.1.5 FeICIC CQI definition under AWGN PUCCH 1-0;

Clause 9.3.1.1.3 FeICIC frequency-selective scheduling mode CQI PUSCH 3-0;

Clause 9.5.3.1 eICIC rank test PUCCH 1-0 TM3;

Clause 9.5.4.1 FeICIC rank test with PUCCH 1-1 TM3;

	EPDCCH
	Clause 8.7.3 Sustained data rate test with EPDCCH scheduling;

Clause 8.8.1.1 Distributed transmission mode;

Clause 8.8.2.1 Localized transmission mode with TM9;

Clause 8.8.3.1 Localized transmission mode with TM10 quasi co-location Type-B;


Table A.2: List of the existing demodulation performance and CSI requirements in Release 12 (TDD)

	Feature
	Description

	Baseline CRS TM Perf.
	Clause 8.2.2.1 TM1 for 1-Tx port with full or single PRB allocation;

Clause 8.2.2.2.1/8.2.1.2.2 TM2 Tx-div with 2-Tx and 4-Tx;

Clause 8.2.2.3.1/8.2.1.3.2 TM3 with 2-Tx and 4-Tx;

Clause 8.2.2.4.1 TM4 1-layer with 2-Tx;

Clause 8.2.2.4.1A TM4 1-layer with 4-Tx;

Clause 8.2.2.4.2 TM4 2-layer with 2-Tx;

Clause 8.2.2.4.3 TM4 2-layer with 4-Tx;

Clause 9.2.1.2 CQI definition under AWGN PUCCH 1-0;

Clause 9.2.2.2 Dual codeword CQI under AWGN PUCCH 1-1;

Clause 9.3.1.1.2 Frequency-selective scheduling mode CQI PUSCH 3-0;

Clause 9.3.2.1.2 Frequency non-selective scheduling mode CQI PUCCH 1-0;

Clause 9.3.3.1.2 Frequency-selective interference PUSCH 3-0;

Clause 9.3.4.1.2 UE-selected subband CQI PUSCH 2-0;

Clause 9.3.4.2.2 UE-selected subband CQI PUCCH 2-0;

Clause 9.4.1.1.2 Single PMI PUSCH 3-1;

Clause 9.4.1.2.2 Single PMI PUCCH 2-1 UE selected mode;

Clause 9.4.2.1.2 Multiple PMI PUSCH 1-2;

Clause 9.4.2.2.2 Multiple PMI PUSCH 2-2 UE selected mode;

Clause 9.5.1.2 Rank test with CRS PUCCH 1-1 TM4;

	Baseline DMRS TM Perf.
	Clause 8.3.2.1 TM7 DRS 1-layer and TM8 DMRS 1-layer w or w/o interfering;

Clause 8.3.2.1A TM9 1-layer with or without interfering transmission;

Clause 8.3.2.2 TM8 2-layer;

Clause 8.3.2.3 TM9 2-layer with Cell 2 as interfering to verify SNR estimation;

Clause 9.2.3.2 Dual codeword CQI under AWGN PUCCH 1-1;

Clause 9.3.1.2.2 Frequency-selective scheduling mode CQI PUSCH 3-1;

Clause 9.3.2.2.2 Frequency non-selective scheduling mode CQI PUCCH 1-1;

Clause 9.4.1.3.2 Single PMI using CSI-RS PUSCH 3-1;

Clause 9.4.2.3.2 Multiple PMI using CSI-RS PUSCH 1-2 

Clause 9.5.2.2 Rank test with CSI-RS PUCCH 1-1;

	Baseline PDCCH/PCFICH
	Clause 8.4.2.1 PDCCH with 1-Tx;

Clause 8.4.2.2.1 PDCCH transmit diversity with 2-Tx;

Clause 8.4.2.2.2 PDCCH transmit diversity with 4-Tx;

	Baseline PHICH
	Clause 8.5.2.1 PHICH with 1-Tx;

Clause 8.5.2.2.1 PHICH transmit diversity with 2-Tx;

Clause 8.5.2.2.2 PHICH transmit diversity with 4-Tx;

	Baseline PBCH
	Clause 8.6.2.1 PBCH 1-Tx;

Clause 8.6.2.2.1 PBCH transmit diversity with 2-Tx;

Clause 8.6.2.2.2 PBCH transmit diversity with 4-Tx;

	Baseline Sustained data rate test
	Clause 8.7.2 SDR with the single CC configuration

	CA
	Clause 8.2.2.3.1 TM3 with 2Tx 2x10MHz and 2x20MHz;

Clause 8.2.2.3.1A Soft buffer management test with TM3;

Clause 8.2.2.4.3 TM4 2-layer with 4Tx 2x10MHz and 2x20MHz;

Clause 8.2.2.7 Intra-band C CA power imbalance test;

Clause 8.7.2 SDR with multiple CCs configuration;

Clause 9.6.1.2 Additional differential CQI requirement for CA;

	Type-A receiver (IRC)
	Clause 8.2.2.2.4 Type-A TM2 with TM3 interference;

Clause 8.2.2.4.1B Type-A TM6 1-layer with TM4 interference 2-Tx;

Clause 8.3.2.1B Type-A TM9 1-layer with TM9 interference 2Tx;

Clause 9.2.4.2 Dual codeword CQI under AWGN PUCCH 1-1;

Clause 9.3.5.1.2 Type-A additional CQI requirement PUCCH 1-0 TM1;

Clause 9.3.5.2.2 Type-A additional CQI requirement PUCCH 1-1 TM9;

	CoMP
	Clause 8.3.2.4 CoMP with quasi co-location type B configuration: DPS and DPB;

Clause 9.3.6.2 CoMP CSI requirement with multiple CSI processes PUSCH 3-1;

Clause 9.5.5.2 CoMP rank with multiple CSI processes PUCCH 1-1 TM10;

	eICIC/FeICIC
	Clause 8.2.2.2.3 TM2 eICIC;

Clause 8.2.2.2.3A TM2 FeICIC;

Clause 8.2.2.3.3 TM3 eICIC with non-MBSFN and MBSFN ABS;

Clause 8.2.2.3.4 TM3 FeICIC with non-MBSFN ABS;

Clause 8.2.2.4.1C TM6 1-layer FeICIC with non-MBSFN ABS;

Clause 8.4.2.2.3 eICIC PDCCH with 2-Tx non-MBSFN and MBSFN ABS;

Clause 8.4.2.2.4 FeICIC PDCCH with 2-Tx non-MBSFN and MBSFN ABS;

Clause 8.5.2.2.3 eICIC PHICH with 2-Tx;

Clause 8.5.2.2.4 FeICIC PHICH with 2-Tx;

Clause 8.6.2.2.3 FeICIC PBCH-IC with 2-Tx;

Clause 9.2.1.4 eICIC CQI definition under AWGN PUCCH 1-0;

Clause 9.2.1.5 FeICIC CQI definition under AWGN PUCCH 1-0;

Clause 9.3.1.1.4 FeICIC frequency-selective scheduling mode CQI PUSCH 3-0;

Clause 9.5.3.2 eICIC rank test PUCCH 1-0 TM3;

Clause 9.5.4.2 FeICIC rank test with PUCCH 1-1 TM3;

	EPDCCH
	Clause 8.7.4 Sustained data rate test with EPDCCH scheduling;

Clause 8.8.1.2 Distributed transmission mode;

Clause 8.8.2.2 Localized transmission mode with TM9;

Clause 8.8.3.2 Localized transmission mode with TM10 quasi co-location Type-B;








