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1
Introduction
RAN1 has been competed the eMTC specification [1], and it has already been captured in the CR packs [2]

 REF _Ref440375092 \r \h 
[3].

We give a brief summary of RAN1 agreement related to UE demodulation requirement and discuss the necessary UE demodulation requirement. 
2
DL channel functionalities for eMTC
2.1
Narrowband transmission

Category M1 UE only needs to use only 6PRB for both transmission/reception within the system bandwidth, and it is called a narrowband. The narrowband UE use for both transmission/reception is signalled by the higher layer. Because of that, Category M1 UE does not need to monitor control channels PCFICH/PDCCH/PHICH transmitted over the system bandwidth. 

2.2
Coverage enhancement

Category M1 UE support coverage enhancement mainly by supporting the repeated transmission. RAN1 agree with two coverage enhancement modes: CE mode A and CE mode B. CE mode A UE is assumed be the same coverage as the Rel-12 Category 0 UE, and therefore it supports no repetitions or small number of repetitions. On the other hand, CE Mode B UE support up to 15dB more coverage enhancement compared with category 0 UE. Therefore it supports a large number of repetitions. The number of repetitions depends on the channel. The CE Mode is determined by the network and it is signalled from the network. 
2.3
PBCH

PBCH is transmitted on the central 72 RE of the system bandwidth and it is common for both eMTC and non-eMTC. Therefore the category M1 UE needs to tune to the central system bandwidth and monitor 6RPB when it needs to read MIB on PBCH. According to RAN1 decision, the MIB transmission period is kept as 40ms, but it supports the repeated transmission for coverage enhancement. In the legacy resource mapping, in the case of FDD with the normal cyclic prefix configuration, PBCH is transmitted on the 7th – 10th OFDM symbols of subframe #0. If eNB configures the PBCH coverage enhancement, the same OFDM symbols are transmitted on the rest of subframe #0 and on the subframe #9 for FDD and on the subframe #5 for TDD. 

Figure 1 illustrates the PBCH transmission with coverage enhancement for the normal CP with FDD. In the normal coverage case, PBCH is transmitted on the 7th to 10th OFDM symbols in the subframe 0 as shown in the upper figure. When eNB configures with PBCH coverage enhancement, the first OFDM symbol of PBCH in the subframe 0 is also transmitted on the 5th OFDM symbol in SF#0, the 3rd, 7th, and 11th OFDM symbols in the SF#9. This is also applicable for other OFDM symbols. When UE is camped on, it does not know the eNB is configured with normal coverage (no repetition) or extended coverage (with repetition).     
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Figure 1
Illustration of PBCH transmission with coverage enhancement for normal CP with FDD. 
2.4
M-PDCCH

Since the category M1 UE only needs to monitor 6PRB of narrowbands regardless of the system bandwidth, it cannot read the legacy control channels such as PCFICH/PDCCH/PHICH. Therefore it is introduced a new control channel dedicated to category M1 UE called M-PDCCH. Since M-PDCCH is based on ePDCCH, several design is same as ePDCCH, for example, it supports two resource allocation modes: distributed or localized. On top of that, M-PDCCH supports common search space to receive the random access response and paging indication, although ePDCCH supports only UE-specific search space. M-PDCCH also supports aggregation level 24 as well as the legacy aggregation levels 2, 4, 8, and 16. For the coverage enhancement, M-PDCCH supports the repeated transmission and the supported numbers are {1, 2, 4, 8, 16, 32, 64, 128, 256}. The used repetition is signalled from higher layer with SIB1bis. 

RAN1 have introduced mew DCI formats dedicated for the category M1 UE: 6-0A/B, 6-1A/B, and 6-2. Generally speaking, DCI format 6-0A/B is used for uplink scheduling, DCI format 6-1A/B is used for downlink scheduling including random access response, and 6-2 is used for paging indication. Note A and B means CE Mode A and B, respectively. For example, DCI format 6-1A is used for downlink scheduling for CE Mode A UE. 

M-PDCCH supports frequency hopping between 2 narrowbands or 4 narrowbands. Supported intervals are {1,2,4,8} for CE Mode A FDD, {1,5,10,20} for CE Mode A TDD, {2,4,8,16} for CE Mode B FDD, and {1,5,10,20} for CE Mode B TDD.
2.5
PDSCH

Category M1 UE reuses PDSCH for data reception, but there are some limitations to support MTC operation. One limitation is that the category M1 UE supports QPSK or 16QAM, and the maximum TBS is 1000bits. The supported transmission mode is TM1, TM2, TM6 for CRS-based demodulation and TM9 for DMRS-based demodulation because of single receiver antenna.
PDSCH also supports the repeated transmission, and the number depends on the CE mode. The supported repetition numbers are {1,2,4,8,16,32} for CE Mode A and {1,4,8,16,32,64,128,256,384,512,768,1024,1536,2048} for CE Mode B. The exact repetition level is signalled in DCI 6-1A/B on M-PDCCH. In the case of CE Mode B, the maximum number of HARQ processes is limited to 2.
PDSCH supports frequency hopping between 2 narrowbands or 4 narrowbands. Supported intervals are {1,2,4,8} for CE Mode A FDD, {1,5,10,20} for CE Mode A TDD, {2,4,8,16} for CE Mode B FDD, and {1,5,10,20} for CE Mode B TDD.
3
UE demodulation requirements
Based on the downlink channel functionalities introduced for eMTC, we discuss the test setup and assumption. 
3.1
Propagation condition

When RAN4 introduced the category 0 UE demodulation requirements, we set EPA5for all the requirements. As we discussed above, the category M1 UE has two modes: CE Mode A and CE Mode B. In our understanding, UE with CE Mode A is located on the same coverage area as the category 0 UE, and therefore it is natural to set EPA5 for propagation condition. On the other hand, the UE with CE Mode B is located on enhanced coverage area. We think the UE on the enhanced coverage area does not have the mobility and thus we propose to set EPA1.
Proposal 1: Set EPA5 for CE Mode A and EPA1 for CE Mode B. 
3.2
PBCH

Since eNB supports repeated transmission of PBCH for enhanced coverage, we think it worth verifying the probability of miss-detection of the PBCH with repetition for FDD, half-duplex FDD, and TDD. The proposed parameters are given in Table 1. The setting is based on the existing category 0 UE requirements for PBCH, but we propose to set EPA1 for propagation condition because PBCH transmission repetition is for UE on the enhanced coverage area. 
Table 1
Proposed parameters for PBCH.
	Parameters
	Test 1

	Reference channel
	R.22 (See TS36.101 A.3.7)

	Propagation condition
	[EPA1]

	Antenna configuration and correlation matrix
	2x1 low

	Repetition of BPCH
	ON

	Metric
	1% of Pm-bch


Proposal 2: Introduce the PBCH demodulation requirement with repetition. 

3.3
M-PDCCH

As we discussed above, the category M1 UE supports two coverage enhancement modes: CE Mode A and CE Mode B. Since each CE mode supports different repetition levels and frequency hopping patterns, we propose to introduce the M-PDCCH demodulation requirements for both CE Mode A and B.  

For M-PDCCH channel setting, we prefer to set 24 ECCE with 6PRB because it is introduced for the category M1 UE. For CE Mode A, we propose to set the maximum number of repetitions to 8, number of narrowbands for frequency hopping to 2, and frequency hopping interval to 8. Since it should be equivalent to the UE category 0, we choose smaller number of repetitions. 
For CE Mode B, we choose the largest possible number to check the worst case scenario, that is, the maximum number of repetitions is 256, number of narrowbands for frequency hopping is 4, and frequency hopping interval is 16. 

Table 2 summarizes the simulation parameters for M-PDCCH demodulation requirements.
Table 2
Proposed parameters for M-PDCCH (FDD and Half-duplex FDD).
	Parameters
	CE Mode A
	CE Mode B

	System bandwidth
	10MHz
	10MHz

	Aggregation Level
	24 ECCE
	24 ECCE

	OCNG Pattern
	TBD
	TBD

	Propagation condition
	EPA5
	[EPA1]

	Antenna configuration and correlation matrix
	2x1 low
	2x1 low

	Metric
	1% of Pm-dsg
	1% of Pm-dsg

	
	
	

	OFDM starting symbol (startSymbolLC)
	2
	2

	DCI format
	6-1A
	6-1B

	Number of PRB per M-PDCCH set
	2+4
	2+4

	Transmission
	[Distributed]
	[Distributed]

	Maximum number of repetitions
	[8]
	[256]

	Frequency hopping
	ON
	ON

	Number of narrowbands for frequency hopping
	[2]
	[4]

	Frequency hopping interval
	[8]
	[16]


Proposal 3: Introduce the M-PDCCH demodulation requirement for CE Mode A and B

3.4
PDSCH

As same as M-PDCCH, the category M1 UE has two coverage enhancement modes: CE Mode A and CE Mode B. Since each CE mode supports different repetition levels and frequency hopping patterns, we propose to introduce the PDSCH demodulation requirements for both CE Mode A and B. On top of that, our preference is to introduce both DMRS based demodulation and CRS based demodulation requirements with 16QAM and QPSK for the good coverage of test cases. 
According to the RAN1 decision, CE Mode A support QPSK/16QAM and DL resource allocation type 2. This means the number of allocated PRBs is 1-6. On the other hand, UE CE Mode B only supports QPSK and the number of allocated PRBs is 4 {0,1,2,3} or 6 {0,1,2,3,4,5,6}. 

For CE Mode A test, since this should be equivalent with UE category 0, we propose to set transmission mode to TM9 single layer and MCS to 16QAM 1/2 with 3 PRB. When we discussed the UE category 0 demodulation requirement discussions, it was observed this MSC need higher SNR for TM9. As the results of that, we set lower coding rate MCS. However in the UE category M1, we also propose to apply the repeated transmission and frequency hopping. With these functionalities, we believe the required SNR level is lower than category 0 case. 
For CE Mode B test, since the assumption is that UE is located in the enhanced coverage area, it is natural to select the lowest MCS. Therefore we choose 1/3 QPSK and TBS=152bits with 6PRB. We also choose 128 for the repetition level although the maximum possible repetition level is 2048. We think it is important that UE can receive PDSCH with SNR around -15dB. According to our ideal simulation results in Figure 2, the repetition level 128 can achieve BELR=30% with SNR=-15dB. However we can come back as the result of the simulation alignment.  
Proposal 4: Introduce the PDSCH demodulation requirement for CE Mode A and B. 
Table 3 summarizes the simulation parameters for PDSCH demodulation requirements.
Table 3
Proposed parameters for PDSCH (FDD and Half-duplex FDD).
	Parameters
	CE Mode A
	CE Mode B

	System bandwidth
	10MHz
	10MHz

	PDSCH transmission mode
	TM9 single layer
	TM2

	MCS
	16QAM 1/2
	QPSK 1/3

	Allocated resource blocks
	3
	6

	TBS
	744
	152

	OCNG pattern 
	TBD
	TBD

	Propagation condition
	EPA5
	[EPA1]

	Antenna configuration and correlation matrix
	2x1 low
	2x1 low

	Metric
	70 % of max Tput
(30% BLER)
	70% of max Tput
(30% BLER)

	
	
	

	OFDM starting symbol (startSymbolLC)
	2
	2

	Maximum numbers of repetitions
	[32]
	[128]

	Frequency hopping
	ON
	ON

	Number of narrowbands for frequency hopping
	[2]
	[4]

	Frequency hopping interval
	[8]
	[16]
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Figure 2
Simulation result of PDSCH with repetitions. 

4
Conclusion

Proposal 1: Set EPA5 for CE Mode A and EPA1 for CE Mode B. 
Proposal 2: Introduce the PBCH demodulation requirement with repetition. 

Proposal 3: Introduce the M-PDCCH demodulation requirement for CE Mode A and B.
Proposal 4: Introduce the PDSCH demodulation requirement for CE Mode A and B.
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