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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN #102 e-meeting, the following was agreed for LTE-MTC [1]：
For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE DL subframes and 7 [FFS subframes type(s)] is supported at least in the PUCCH non-repetition case:
· FFS details of signaling.
· FFS other delay values to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case.
· FFS if the 14 HARQ processes feature is supported in PUCCH repetition case.
In this contribution, we discuss the additional PDSCH scheduling delay and related HARQ-ACK delay for LTE-MTC.
Discussion 
PDSCH scheduling delay
Based on the agreement, the subframes type should be defined when the value of PDSCH scheduling delay is 7. The details of PDSCH scheduling of HARQ process#10&11 are shown in Figure 1.
[image: ]
Figure 1. Illustration of PDSCH scheduling
For HARQ process #10, the 7 subframes are 1 BL/CE DL subframe, 1 subframe, 3 BL/CE UL subframes, 1 subframe and 1 BL/CE DL subframe in sequence. For HARQ process #11, the 7 subframes are 1 subframe, 3 BL/CE UL subframes, 1 subframe and 2 BL/CE DL subframes in sequence. The subframes type of HARQ process #12 is same as HARQ process #10 and the subframes type of HARQ process #13 is same as HARQ process#11. Therefore, there are two subframes types when the value of PDSCH scheduling delay is 7. 
Proposal 1: Two subframes types should be supported when the value of PDSCH scheduling delay is 7.
· subframes type 1: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe
· subframes type 2: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes
The subframes type can be determined by explicit indication. For example, the subframes type and the value of PDSCH scheduling delay can be jointly indicated by DCI. The subframes type can also be implicitly determined. For example, the subframes type is subframe type 1 when the HARQ process number is an odd number and the subframes type is subframe type 2 when the HARQ process number is an even number. 
Proposal 2: Both explicit and implicit methods for determining subframes type can be considered when the value of PDSCH scheduling delay is 7.
Details of signaling
During Rel-16 TEI discussion, two implementation options were proposed to indicate the value of PDSCH scheduling delay [2]. The value of supported HARQ-ACK delay of implementation option 1 is shown in Table 1. 
Table 1 The value of supported HARQ-ACK delay of implementation option 1
	'HARQ-ID’ field in DCI
	HARQ-ACK delay

	10
	4

	11
	5

	12
	7

	13
	9

	14
	11

	15
	13


From Table 1, we can conclude that the value of supported HARQ-ACK delay is {4, 5, 7, 9, 11, 13} regardless of whether the PDSCH scheduling delay value is 2 or 7. For PDSCH with the PDSCH scheduling delay value of 2, the value of supported HARQ-ACK delay should be {4, 5, 6, 7, 8, 9, 10, 11} to ensure that the number of supported bundling pattern is same as legacy UE. Otherwise, some bundling patterns cannot be supported. For example, in implementation option 1, the bundling pattern shown in Figure 3 cannot be supported. For PDSCH with PDSCH scheduling delay value of 7, the value of HARQ-ACK delay should contain {12, 13} if the bundling pattern in Figure 2 needs to be supported. But the HARQ-ACK delay of implementation option 1 only contains 13.
[image: ]
Figure 2 Example of the bundling window
In implementation option 2, one additional bit in DCI is used to indicate PDSCH scheduling delay and the value of supported HARQ-ACK delay is {4, 5, 6, 7, 9, 11, 13, 15}. Although the number of supported HARQ-ACK delay value is more than implementation option 1, there are also some bundling patterns that cannot be supported, e.g. the bundling pattern which is shown in Figure 2.  
Based on above analysis, it is concluded that both options limit the value of supported HARQ-ACK delay. Considering the bundling pattern is implicitly determined by HARQ-ACK delay, limiting the value of supported HARQ-ACK delay means the number of supported bundling pattern is limited. Therefore, eNB cannot configure the optimal bundling pattern which leads to the increase of PDSCH retransmission probability and the decrease of data rate. Considering that the data rate is influenced by the number of supported bundling patterns, the number of supported bundling patterns for 14 HARQ processes should be at least same as legacy UE. 
Observation 1: The number of supported bundling patterns for 14 HARQ processes should be at least same as legacy UE.
[bookmark: _GoBack]Based on above analysis, the PDSCH scheduling delay and HARQ-ACK feedback delay should be indicated by DCI. There are two indications, one is joint indication and the other is independent indication. 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 which is used to indicate PDSCH repetition number can be reused when 14-HARQ processes feature 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 subframes 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
	7 (subframes type 1)
	12

	
	001
	7 (subframes type 2)
	12

	
	010
	7 (subframes type 1)
	13

	
	011
	7 (subframes type 2)
	13

	Reserved 



Proposal 3: 14-HARQ processes feature is not enabled if the repetition is used for PDSCH. 
Proposal 4: 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 5: 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: The number of supported bundling patterns for 14 HARQ processes should be at least same as legacy UE.
Proposal 1: Two subframes types should be supported when the value of PDSCH scheduling delay is 7.
· subframes type 1: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe
· subframes type 2: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes
Proposal 2: Both explicit and implicit methods for determining subframes type can be considered when the value of PDSCH scheduling delay is 7.
Proposal 3: 14-HARQ processes feature is not enabled if the repetition is used for PDSCH. 
Proposal 4: The PDSCH scheduling delay and HARQ-ACK feedback delay can be jointly indicated by repetition number field and HARQ-ACK delay field.
Proposal 5: For 14-HARQ processes, there is no need to consider the case of PUCCH repetition.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]References
[1] 3GPP, RAN1 Chairman’s Notes, RAN1 #102-e
[2]  3GPP, R1-1912694, Increased peak data rate for HD-FDD MTC UEs, Qualcomm Incorporated, Orange, Sierra Wireless, Verizon, Ericsson, Sequans, Nokia, Nokia Shanghai Bell, RAN1#99

image2.jpeg
PDSCH

PuCCH

HARQ-ACK delay





image1.emf
subframe

 

index

0

1

2

3

4

5

6

7

8

9

Invalid

 

DL

 

subframe

 

denoted

 

by

 

“

0

”

1

1

0

1

1

1

1

0

1

1

Invalid

 

UL

 

subframe

 

denoted

 

by

 

“

0

”

1

1

1

1

1

0

1

1

1

1

MPDCCH

10

11

PDSCH

10

11

PUCCH

A

0

A

1

A

2


