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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN1 #103 e-meeting, the following agreements were achieved for 14-HARQ processes in DL for LTE-MTC [1]：
· The design of the 14 HARQ processes feature accounts for the presence of non-BL/CE UL and DL subframes in the PUCCH non-repetition case.
· FFS: PDSCH scheduling delays
· FFS: HARQ-ACK delays
· FFS: Configurable/dynamic set of PDSCH delays/HARQ-ACK delays
· For the support of 14 HARQ processes, the solution to assign PDSCH scheduling delays should be able to minimize unnecessary waste of subframes derived from the presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
· The following solutions will be further investigated:
· The indication of subframe types for the PDSCH scheduling delay of 7 are:
· 1 BL/CE DL subframe + 1 subframe + 3 [BL/CE UL subframes] + 1 subframe + 1 BL/CE DL subframe.
· 1 subframe + 3 [BL/CE UL subframes] + 1 subframe + 2 BL/CE DL subframes.
· Configurable delays including other values than 2 and 7.
· Other solutions are not precluded.
· For the support of 14 HARQ processes, the solution to assign HARQ-ACK delays should aim to maximize the number of HARQ processes that can be scheduled in presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
· Different percentages of presence of non-BL/CE subframes can be analyzed as to represent typical scenarios and determine which HARQ-ACK delays should be included.
In this contribution, we discuss the additional PDSCH scheduling delay and related HARQ-ACK delay for LTE-MTC.
Discussion 
Impact of presence of non-BL/CE subframes
1.1.1 Presence of DL non-BL/CE subframes
The peak data rate would decrease with the increase of number of DL non-BL/CE subframes. Table 1 shows the peak data rate of 14 HARQ processes and 14 HARQ processes corresponding to different percentages of presence of non-BL/CE subframes.
Table 1 Peak data rate for different percentages of presence of non-BL/CE subframes
	Percentages of presence of non-BL/CE subframes
	Peak data rate (kbps)
	Peak data rate reduction ratio

	
	14 HARQ processes
	10 HARQ processes
	

	0
	705 kbps
	588 kbps
	0

	20%
	571 kbps
	476 kbps
	19%

	30%
	461 kbps
	384 kbps
	35%

	40%
	444 kbps
	370 kbps
	37%

	60%
	315 kbps
	263 kbps
	55%


Observation 1: When the percentage of presence of non-BL/CE subframes is larger than 20%, the peak data rate of 14 HARQ processes would be less than the maximum peak data rate of 10 HARQ processes.
1.1.2 Presence of UL non-BL/CE subframes
· PUCCH transmission is not postponed in UL non-BL/CE subframes
An example is shown in Figure1 1, where the percentage of presence of DL non-BL/CE subframes and the percentage of presence of UL non-BL/CE subframes are 20%.  
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Figure 1 
From Figure 1, the HARQ-ACK timing indicated by eNB is not affected by UL non-BL/CE subframes, i.e., PUCCH is transmitted in the UL non-BL/CE subframes. In this case, DL peak data rate may not be impacted. However, PUCCH transmission in UL non-BL/CE subframes carries bundled HARQ-ACK information. If HARQ-ACKs transmitted in UL non-BL/CE subframe is destroyed by interference, all DL PDSCH transmission corresponding to the same bundled window would be impacted, thus the DL peak data rate would be reduced accordingly.
· PUCCH transmission is postponed in UL non-BL/CE subframes
An example is shown in Figure1 2, where the percentage of presence of DL non-BL/CE subframes and the percentage of presence of UL non-BL/CE subframes are 20%.  
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Figure 2
As ‘PUCCH A1’ shown in Figure 2, the HARQ-ACK timing indicated in eNB has already considered the impact of UL non-BL/CE subframes. Corresponding PUCCH transmission is postponed to the UL BL/CE subframes next to the UL non-BL/CE subframes. When the percentage of presence of non-BL/CE subframes is 20%, the DL peak data rate is reduced from 571 kbps to 480 kbps.
Observation 2: For 14 HARQ processes, DL peak data rate would be impacted by UL non-BL/CE subframes.
The intention of introducing 14 HARQ processes is to increase the peak data rate. Compared with 588 kbps peak data rate of 10 HARQ processes, the peak data rate of 14 HARQ processes can increase about 16%. There is no need to enable 14 HARQ processes for the scenario that percentage of presence of non-BL/CE subframes is larger than 20%.
Proposal 1: 14 HARQ processes is not considered for the scenario that percentage of presence of non-BL/CE subframes is larger than 20%.
PDSCH scheduling delay
According to the agreement on PDSCH scheduling delay in last RAN1 meeting, two open issues need further study:
· The indication of subframe types for PDSCH scheduling delay of 7
· Whether to introduce other PDSCH scheduling delay values
For the indication of subframe types for scheduling delay of 7, there are two alternatives:
· Alt 1:
· 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
· 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
· Alt 2:
· 1 BL/CE DL subframe + 1 subframe + 3 subframes  + 1 subframe + 1 BL/CE DL subframe.
· 1 subframe + 3 subframes + 1 subframe + 2 BL/CE DL subframes.
PUCCH transmission should consider the impact of non-BL/CE subframes. For PDSCH scheduling delay of 7, if subframe types are determined according to Alt2, PDSCH transmission may be allocated in the incorrect subframe. As shown in Figure 3, for process ID 10, if PUCCH transmission is postponed in UL non-BL/CE subframes, corresponding PDSCH would be allocated in the switching subframe.
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Figure 3
For HARQ-ACK feedback determined by physical subframes, to avoid the impact of non-BL/CE subframes, PUCCH transmission can be guaranteed to be transmitted in UL BL/CE subframes by eNB scheduling. However, the number of UL subframes for UL transmission may be increased in this case. Compared with Alt 1, Alt 2 would cause more restrictions on number of PDSCH processes. From the perspective of implementation flexibility and higher peak data rate, Alt 1 is preferred.
Proposal 2: The indication of subframe types for the PDSCH scheduling delay of 7 are:
· Type 1: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe
· Type 2: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes
Explicit indication of subframe types for the PDSCH scheduling delay of 7 is preferred if DCI has enough states. To reduce the indication overhead, the value of PDSCH scheduling delay and the indication of subframe types for the PDCSH scheduling delay of 7 can be jointly indicated in DCI. For example, by joint coding of ‘PDSCH scheduling delay’ and ‘HARQ process number’, the indication of subframe types for PDSCH scheduling delay of 7 is Type 1 when the HARQ process number is an odd number and the indication of subframe types for PDSCH scheduling delay of 7 is Type 2 when the HARQ process number is an even number.  
Proposal 3: The indication of subframe types for PDSCH scheduling delay of 7 can be carried in DCI by joint coding.
There is no need to introduce new PDSCH scheduling delay if only presence of non-BL/CE DL subframes is considered. As shown in Figure 4, PDSCH scheduling delay is 2 or 7 for percentage of presence of DL non-BL/CE subframes is 20%.
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Figure 4
If presence of UL non-BL/CE subframes is considered, whether to introduce new PDSCH scheduling delay depends on the indication of subframe types. If indication of subframe types for the PDSCH scheduling delay of 7 are defined as proposal 2, since the subframe types of PDSCH scheduling delay has already considered the impact of UL non-BL/CE subframes, there is no need  to introduce new scheduling delay values. As shown in Figure 5, PDSCH scheduling delay is 7 for process ID #11 for percentage of presence of UL non-BL/CE subframes is 20%.
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Figure 5
If indication of subframe types for PDSCH scheduling delay of 7 are different from proposal 2, the indication of subframe types for PDSCH scheduling delay do not count for the impact of UL non-BL/CE subframes. In this case, new scheduling delay would be introduced depending on the configuration of UL non-BL/CE subframes. For process ID #10 in Figure 5, corresponding indication of subframes type is 1 DL BL/CE subframe + 7 subframes + 1 DL BL/CE subframe and the PDSCH scheduling delay is 9. If maximum percentage of presence of UL non-BL/CE subframes is 20%, then at least PDSCH scheduling delay value of 7, 8, 9 would be introduced.
Based on the indication of subframe types in proposal 2, since there is no need to introduce other new PDSCH scheduling delay values than 2 and 7, less signaling overhead and specification impact would be expected.
Proposal 4: For 14 HARQ processes, PDSCH scheduling delay is 2 or 7.
HARQ-ACK feedback delay
As we proposed in section 2.2, 14 HARQ processes is not considered for the scenario that percentage of presence of non-BL/CE subframes is larger than 20%.
· Percentage of presence of DL/UL non-BL/CE subframes is 0
When PDSCH scheduling delay is 2, the legacy HARQ-ACK delay value, i.e., 4~11, can be reused. When PDSCH scheduling delay is 7, the HARQ-ACK delay value is 12, 13.
· Percentage of presence of DL non-BL/CE subframes is 20%, percentage of presence of UL non-BL/CE subframes is 0
As shown in Figure 6, the distribution of DL non-BL/CE subframes would have impact on the specific HARQ-ACK delay value. The corresponding HARQ-ACK delay value range is 4~15 for PDSCH scheduling delay of 2 while the corresponding HARQ-ACK delay value range is 12~17 for PDSCH scheduling delay of 7.
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Figure 6
· Percentage of presence of DL/UL non-BL/CE subframes is 20%
As shown in Figure 7, if PUCCH is postponed in UL non-BL/CE subframes, the HARQ-ACK delay, the maximum HARQ-ACK delay value would be 17 for PDSCH scheduling delay of 2 while the maximum HARQ-ACK delay value would be 19 for PDSCH scheduling delay of 7.
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Figure 7
Observation 3: Percentage of presence of DL non-BL/CE subframes would have impact on the value range of HARQ-ACK delay.
According to above analysis, the corresponding HARQ-ACK delay value range is 4~17 for PDSCH scheduling delay of 2. For PDSCH scheduling delay of 7, the corresponding HARQ-ACK delay value range is 12~19.
Proposal 5: For 14 HARQ processes,
· The corresponding HARQ-ACK delay value range is 4~17 for PDSCH scheduling delay of 2.
· The corresponding HARQ-ACK delay value range is 12~19 for PDSCH scheduling delay of 7.
Details of signaling
Based on above analysis, the PDSCH scheduling delay and HARQ-ACK feedback delay should be indicated by DCI. Joint indication and independent indication can be considered. From the perspective of signaling overhead, the joint indication is preferred. From the perspective of peak data rate, feature of 14-HARQ processes is not enabled if the repetition is used for PDSCH. In this case, the repetition number field can be repurposed when 14-HARQ processes is enabled. Therefore, the PDSCH scheduling delay and HARQ-ACK feedback delay can be jointly indicated by repetition number field and HARQ-ACK delay field. One example is shown in Table 2 which the subframe type is also explicit indicated.
Table 2 One example of joint indication
	'Repetition number' field in DCI
	'HARQ-ACK delay' field in DCI
	Scheduling delay for PDSCH
	HARQ-ACK delay value when ce-pdsch-fourteenProcesses’ is set

	00
	000
	2
	4

	
	001
	2
	5

	
	010
	2
	6

	
	011
	2
	7

	
	100
	2
	8

	
	101
	2
	9

	
	110
	2
	10

	
	111
	2
	11

	01
	000
	2
	12

	
	001
	2
	13

	
	010
	2
	14

	
	011
	2
	15

	
	100
	2
	16

	
	101
	2
	17

	
	110
	7 (Type 1)
	12

	
	111
	7 (Type 2)
	12

	10
	000
	7 (Type 1)
	13

	
	001
	7 (Type 2)
	13

	
	010
	7 (Type 1)
	14

	
	011
	7 (Type 2)
	14

	
	100
	7 (Type 1)
	15

	
	101
	7 (Type 2)
	15

	
	110
	7 (Type 1)
	16

	
	111
	7 (Type 2)
	16

	11
	000
	7 (Type 1)
	17

	
	001
	7 (Type 2)
	17

	
	010
	7 (Type 1)
	18

	
	011
	7 (Type 2)
	18

	
	100
	7 (Type 1)
	19

	
	101
	7 (Type 2)
	19

	
	110~111
	Reserved 


Proposal 6: The PDSCH scheduling delay and HARQ-ACK feedback delay can be jointly indicated by repetition number field and HARQ-ACK delay field.
PUCCH repetition
The main purpose of introducing 14-HARQ processes is to improve peak data rate of UE. That means the UE supporting 14-HARQ processes should be a high SNR UE and the UE does not need coverage and performance enhancement. Therefore, we propose that PUCCH repetition does not need to be considered if feature of 14-HARQ processes is enabled.
Proposal 7: For 14-HARQ processes, there is no need to consider the case of PUCCH repetition. 
Conclusions
In this contribution, we have discussed the additional PDSCH scheduling delay and related HARQ-ACK delay to support DL 14-HARQ processes for H-FDD LTE-MTC. We make the following observations and proposals:
Observation 1: When the percentage of presence of non-BL/CE subframes is larger than 20%, the peak data rate of 14 HARQ processes would be less than the maximum peak data rate of 10 HARQ processes.
Observation 2: For 14 HARQ processes, DL peak data rate would be impacted by UL non-BL/CE subframes.
Observation 3: Percentage of presence of DL non-BL/CE subframes would have impact on the value range of HARQ-ACK delay.
Proposal 1: 14 HARQ processes is not considered for the scenario that percentage of presence of non-BL/CE subframes is larger than 20%.
Proposal 2: The indication of subframe types for the PDSCH scheduling delay of 7 are:
· Type 1: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe
· Type 2: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes
Proposal 3: The indication of subframe types for PDSCH scheduling delay of 7 can be carried in DCI by joint coding.
Proposal 4: For 14 HARQ processes, PDSCH scheduling delay is 2 or 7.
Proposal 5: For 14 HARQ processes,
· The corresponding HARQ-ACK delay value range is 4~17 for PDSCH scheduling delay of 2.
· The corresponding HARQ-ACK delay value range is 12~19 for PDSCH scheduling delay of 7.
Proposal 6: The PDSCH scheduling delay and HARQ-ACK feedback delay can be jointly indicated by repetition number field and HARQ-ACK delay field.
Proposal 7: For 14-HARQ processes, there is no need to consider the case of PUCCH repetition. 
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