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1 Introduction
In this contribution, taking the latest progress in RAN4 and RAN1 into account, we firstly analyze impact on RAN4 performance requirements arising from low cost Cat.0 UE. Secondly, we list the demodulation performance and CSI requirements in high priority for low cost MTC UEs. Thirdly, we provide reference channels of PDSCH, PDCCH/PCFICH and PHICH for performance tests. Finally, initial simulation results of PDCCH/PCFICH and PHICH for MTC UEs are presented.
2 Impact of LCMTC on demodulation performance and CSI requirements
The following summarizes the impact of each adopted low cost technique on demodulation performance and CSI requirements:
· UE single receive antenna: 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 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 HD-FDD. The proposed patterns for the performance test of HD-FDD UE are proposed in our accompanied contribution [1].
· TB size limitation: 
For the carrier BW is larger than 5MHz, the limitation of TB size not larger than 1000 bits for unicast DL data transmission will lead to allocating PRBs occupied the full bandwidth for the test configuration is impossible. Therefore, the limitations (e.g., PRB number and location) 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.
3 List of demodulation and CSI test cases for low cost MTC
In view of 2-Tx is a typical antenna configuration, 1-Tx could be removed from demodulation performance to simplify the test cases. For the test of CSI reporting, TM1 should be used to keep consistent parameter setting as specified in [2].   
The PBCH test cases would have the low priority due to lack of feasibility of conducting PBCH test.
Although low cost MTC UE can support 1Mbps peak rate (unicast data), in view of the traffic characteristics for low cost MTC UE are small data transmission and delay tolerant, sustained data rate test would have less necessity and low priority.

For EPDCCH, it is an optional feature for UE to support. From this perspective, the test on EPDCCH could have low priority. 
Regarding CSI test, the main target is to verify low cost UE can realize the corresponding functionality of calculating and feeding back CSI accurately. Based on the above objective, we have the following preference:
1.  For RI, the low cost UE should always report Rank=1 due to default single receiver chain configuration. Therefore, it is not necessary to define the related RI test in RAN4. In other words, the functionality of RI can be defined in RAN5 if necessary

2.  For PMI, PMI is divided into two categories: single PMI and multiple PMI. For single PMI, it has been tested implicitly in TM4 demodulation test, so it would not be necessary to define extra single PMI test. 
For multiple PMI, we need to consider the feasibility of the corresponding feedback modes. Currently, three feedback modes are supported (mode 1-2, mode 2-2 and mode 3-2). For mode 1-2, considering the low cost UE may use narrowband scheduling, multiple PMI feedbacks would bring limited gain as wideband CQI feedback would be the major limited factor for mode 1-2. Maybe the most useful feedback mode is 3-2, but mode 3-2 may not bring obvious gain over mode 3-1 considering small data transmission and low mobility for MTC UEs.
In summary, based on the above analysis, we slightly prefer not to define the related PMI test.

3.  For CQI, it is necessary to verify that low cost UE can reflect the channel quality accurately including wideband and sub-band quality. As per the consideration of existing CQI test case,  at least the test of CQI definition and frequency selective  should be defined for low cost UE
Based on above analyses, we summarize the demodulation performance and CSI requirements in high priority for low cost MTC in table 1 below.
Table 1: List of the demodulation performance and CSI requirements in high priority for low cost MTC

	Feature
	Description

	Baseline CRS TM Perf.
	TM2 Tx-div with 2-Tx (Clause 8.2.1.2.1);

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

	Baseline DMRS TM Perf.
	TM 8 1-layer without interfering transmission (Clause 8.3.2.1)

TM 9 1-layer without interfering transmission (Clause 8.3.1.1); 

	CQI reporting
	CQI definition under AWGN PUCCH 1-0, TM1 (Clause 9.2.1.1);

Frequency selective scheduling mode CQI PUSCH 3-0, TM1 (Clause 9.3.3.1).

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

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


4 Reference channel for PDSCH, PDCCH/PCFICH, PHICH

For the PDSCH performance test, the major factors for MTC UEs are 1000 bits TBS limitation and 1Rx. Therefore, the parameters (TBS, #RB, MCS) for PDSCH performance test should consider the restriction of 1000 bits. Moreover, in order to test the performance at low SNR and high SNR, the modulation of QPSK, 16QAM and 64QAM should be evaluated on the PDSCH performance test. Considering the 1Rx limitation, the antenna configuration should be modified from 2x2 to 2 x1 to make PDSCH performance test.
For the PDCCH/PCFICH and PHICH performance test, the major factor for MTC UEs is 1Rx used for MTC UEs. Therefore, it can modify antenna configuration from 2x2 to 2 x1 to make PDCCH/PCFICH and PHICH test. Moreover, as only a single layer is supported for MTC UEs, DCI format 1 is used in the performance test. Further, considering low mobility for MTC UEs, the propagation condition EPA5 is assumed. 
Based on the above considerations, the reference channels for PDSCH, PDCCH/PCFICH and PHICH performance test for MTC UEs are given in the annex.

5 Simulation results of PDCCH/PCFICH and PHICH

Figure 1 below compares the performance of PDCCH/PCFICH with 2Tx2Rx and 2Tx1Rx. Format 1 and EPA5 are assumed in the simulation. As seen from the Figure 1, at 1% BLER, about 5.5 dB performance loss of PDCCH/PCFICH arises from 1Rx. 
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Figure 1: Performance test of PDCCH/PCFICH with 2Tx1Rx (FDD)
Figure 2 below compares the performance of PHICH with 2Tx2Rx and 2Tx1Rx. As seen from the Figure 2, at 0.1% BLER, about 4 dB performance loss of PDCCH/PCFICH arises from 1Rx. 
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Figure 2: Performance test of PHICH with 2Tx1Rx (FDD)

6 Conclusions

In this contribution, taking the latest progress in RAN4 and RAN1 into account, we provide the demodulation performance and CSI requirements in high priority for low cost MTC UEs, and give reference channels of PDSCH, PDCCH/PCFICH and PHICH for performance test. In the end, initial simulation results of PDCCH/PCFICH and PHICH for MTC UEs are provided.
· Proposal: we propose to define the test cases as show in Table 1 for MTC demodulation performance and CSI requirements.

Table 1: List of the demodulation performance and CSI requirements in high priority for low cost MTC

	Feature
	Description

	Baseline CRS TM Perf.
	TM2 Tx-div with 2-Tx (Clause 8.2.1.2.1);

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

	Baseline DMRS TM Perf.
	TM 8 1-layer without interfering transmission (Clause 8.3.2.1)

TM 9 1-layer without interfering transmission (Clause 8.3.1.1); 

	CQI reporting
	CQI definition under AWGN PUCCH 1-0, TM1 (Clause 9.2.1.1);

Frequency selective scheduling mode CQI PUSCH 3-0, TM1 (Clause 9.3.3.1).

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

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


7 Annex

Table 2: Reference channel for PDSCH performance test

	# CRS Ports
	Modulation and Coding Rate
	TBS
	MCS
	#RB
	Actual Coding Rate

	1
	QPSK 1/3
	968
	5
	11
	0.3188

	1
	16QAM 1/2
	1000
	14
	4
	0.4528

	1
	64QAM 3/4
	616
	27
	1
	0.7439

	2
	QPSK 1/3
	968
	5
	11
	0.3333

	2
	16QAM 1/2
	744
	14
	4
	0.4734

	4
	QPSK 1/3
	968
	5
	11
	0.3437


Table 3: Reference channel for PDCCH/PCFICH performance test (FDD)

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	10 MHz
	4 CCE
	R.16 FDD
Format 1
	OP.1 FDD
	 EPA5
	2 x1 Low
	1
	 [TBD]


Table 4: Reference channel for PDCCH/PCFICH performance test (TDD)

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	10 MHz
	4 CCE
	R.16 TDD
Format 1
	OP.1 TDD
	 EPA5
	2 x 1 Low
	1
	[TBD]


Table 5: Reference channel for PHICH performance test (FDD)

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	Pm-an (%)
	SNR (dB)

	1 
	10 MHz
	R.19
	OP.1 FDD
	EPA5
	2 x1 Low
	0.1
	[TBD]


Table 6: Reference channel for PHICH performance test (TDD)

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	Pm-an (%)
	SNR (dB)

	1
	10 MHz
	R.19
	OP.1 TDD
	EPA5
	2 x 1 Low
	0.1
	[TBD]


8 Reference
[1] R4-144305,” Issues related to MTC half duplexing mode”, Huawei, HiSilicon, 3GPP TSG-RAN WG4 Meeting #72, Dresden, Germany, 18 – 22 Aug, 2014.

[2] 3GPP TS 36.101, "User Equipment (UE) radio transmission and reception”, V 12.3.0.







