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1 Introduction
In this contribution, we discuss remaining issues on HARQ for Rel-13 MTC UEs.
2 Discussion
2.1 DL HARQ timing
It was agreed that cross-subframe scheduling is supported for normal coverage at least for unicast PDSCH transmission scheduled by M-PDCCH and DCI indicates PDSCH narrowband and resource allocation within narrowband. M-PDCCH in subframe n schedules PDSCH in subframe n+k where k was agreed to be fixed and k>=2. 
The gap between M-PDCCH and associated PDSCH is reserved for M-PDCCH decoding and retuning if needed. It was agreed in RAN4 [1] that retuning time between narrowband regions is between 76us and 350us. One subframe is considered to be sufficient for M-PDCCH decoding and retuning. Therefore, it is proposed that k=2 for FDD.
Proposal 1: For FDD Rel-13 low complexity UEs in normal coverage, at least for unicast PDSCH under cross-subframe scheduling, M-PDCCH in subframe n schedules PDSCH in subframe n+2.
For TDD case, the value of k is FFS. One straightforward approach is that the M-PDCCH in subframe n schedules PDSCH in the first downlink subframe from subframe n+2. However, it is noticed that due to existence of UL subframe(s), M-PDCCH in both two DL subframes right before UL subframe(s) schedule PDSCH in the first DL subframe after UL subframe(s) while PDSCH in the second DL subframe after UL subframe(s) cannot be scheduled by any M-PDCCH. An example is illustrated in Figure 1 assuming TDD UL-DL configuration 1.
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Figure 1: TDD HARQ timing if M-PDCCH in subframe n schedules PDSCH in the first downlink subframe from subframe n+2
It can be seen that M-PDCCH in both subframe 0 and subframe 1 schedule PDSCH in subframe 4 while PDSCH in subframe 5 cannot be scheduled. Consequently, the downlink data rate for Rel-13 MTC UEs is limited and PDSCH in subframe 5 cannot be scheduled to any Rel-13 MTC UE in normal coverage from system perspective. A simple solution is that M-PDCCH in subframe 0 schedules PDSCH in subframe 4 while M-PDCCH in subframe 1 schedules PDSCH in subframe 5, i.e. M-PDCCH in the DL subframe which is two subframes before UL subframe(s) schedules PDSCH in the first DL subframe after UL subframe(s) while M-PDCCH in the nearest previous DL subframe before UL subframe(s) schedules PDSCH in the second DL subframe after UL subframe(s) as shown in Figure 2. Note that the timing relationship between PDSCH and PUCCH remains unchanged as in Rel-8.
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TDD UL-DL configuration 1
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TDD UL-DL configuration 2
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TDD UL-DL configuration 3
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Figure 2: TDD HARQ timing
Proposal 2: For TDD Rel-13 low complexity UEs in normal coverage, at least for unicast PDSCH under cross-subframe scheduling, M-PDCCH in subframe n schedules PDSCH in subframe n+k where k is determined according to the following table. 
	TDD UL/DL
Configuration
	DL subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5
	5
	
	
	
	5
	5
	
	
	

	1
	4
	4
	
	
	2
	4
	4
	
	
	2

	2
	3
	3
	
	2
	2
	3
	3
	
	2
	2

	3
	5
	5
	
	
	
	2
	2
	2
	2
	2

	4
	4
	4
	
	
	2
	2
	2
	2
	2
	2

	5
	3
	3
	
	2
	2
	2
	2
	2
	2
	2

	6
	5
	5
	
	
	
	4
	4
	
	
	2


2.2 HARQ process number
It was agreed that multiplexing of M-PDCCH and un-associated PDSCH in the same subframe of the same UE is supported for Rel-13 low complexity UE not operating coverage enhancements. In order to schedule the UE continuously in every subframe under cross-subframe scheduling, DCI should always indicate PDSCH in the same narrowband as M-PDCCH. In this case, the HARQ timing and HARQ processes are shown in Figure 1. 
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It can be seen that 10 HARQ processes should be supported to enable continuous scheduling. Currently, only 8 HARQ processes are supported for FDD. If the number of HARQ processes is increased from 8 to 10, the DCI field for HARQ process indication needs to be extended and HARQ buffer may increase as well. 
However, the above scheduling can be achieved by same-subframe scheduling without increasing HARQ process number. In addition, the intention to introduce narrowband indication in DCI for cross-subframe scheduling is to dynamically schedule PDSCH in other narrowbands. When M-PDCCH in subframe n indicates a different narrowband for PDSCH from the narrowband for M-PDCCH, UE cannot monitor M-PDCCH from subframe n+1 to subframe n+3 considering frequency retuning and 1.4MHz RF bandwidth capability as illustrated in Figure 2. In this case, only 7 HARQ processes need to be supported.
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Based on the above analysis, we propose to support no more than 8 HARQ processes for FDD Rel-13 low complexity UE in normal coverage under cross-subframe scheduling.
Proposal 3: Maximum 8 HARQ processes are supported for FDD Rel-13 low complexity UE in normal coverage under cross-subframe scheduling.
It is observed from Figure 2 that the maximum number of HARQ processes for TDD UL-DL configurations 0-6 is as follows to enable continuous scheduling. 
	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	6

	1
	9

	2
	12

	3
	11

	4
	14

	5
	17

	6
	8


Similarly as analyzed above for FDD, if the maximum number of HARQ processes exceeds 16 for TDD, DCI field would increase as well. It is noted that only TDD UL-DL configuration 5 would require more than 16 HARQ processes. Considering that this configuration may not be a typical configuration for MTC traffic due to extreme limited uplink subframes, it is proposed that the maximum HARQ processes for TDD Rel-13 low complexity UE in normal coverage under cross-subframe scheduling is 16.
Proposal 4: Maximum 16 HARQ processes are supported for TDD Rel-13 low complexity UE in normal coverage under cross-subframe scheduling.
For UEs in enhanced coverage, the number of HARQ processes has not been decided yet. Considering that UEs in enhanced coverage is delay tolerant and no HARQ process indication is needed in DCI if multiple HARQ processes is not supported, we propose only one HARQ process is supported for UEs in enhanced coverage.

Proposal 5: Only one HARQ process is supported for UEs in enhanced coverage. 
3 Conclusions
In this contribution, we discuss the remaining issues on narrowband definition for Rel-13 MTC UEs with the following proposals.
Proposal 1: For FDD Rel-13 low complexity UEs in normal coverage, at least for unicast PDSCH under cross-subframe scheduling, M-PDCCH in subframe n schedules PDSCH in subframe n+2.
Proposal 2: For TDD Rel-13 low complexity UEs in normal coverage, at least for unicast PDSCH under cross-subframe scheduling, M-PDCCH in subframe n schedules PDSCH in subframe n+k where k is determined according to the following table. 
	TDD UL/DL
Configuration
	DL subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5
	5
	
	
	
	5
	5
	
	
	

	1
	4
	4
	
	
	2
	4
	4
	
	
	2

	2
	3
	3
	
	2
	2
	3
	3
	
	2
	2

	3
	5
	5
	
	
	
	2
	2
	2
	2
	2

	4
	4
	4
	
	
	2
	2
	2
	2
	2
	2

	5
	3
	3
	
	2
	2
	2
	2
	2
	2
	2

	6
	5
	5
	
	
	
	4
	4
	
	
	2


Proposal 3: Maximum 8 HARQ processes are supported for FDD Rel-13 low complexity UE in normal coverage under cross-subframe scheduling.
Proposal 4: Maximum 16 HARQ processes are supported for TDD Rel-13 low complexity UE in normal coverage under cross-subframe scheduling.
Proposal 5: Only one HARQ process is supported for UEs in enhanced coverage. 
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