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[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN1 #105 e-meeting, the following agreements/working assumption/conclusion were achieved for 14-HARQ processes in DL for LTE-MTC [1]：
Agreement
In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be supported with multiple solutions: Alt-1 for full flexibility and Alt-2e for support of legacy delay
Alt-1: The HARQ-ACK delay is determined through an expression consisting of different subframe types (Using a similar principle as the PDSCH scheduling delay).
· Without using more than 6 bits
· FFS: How to minimize the overhead by using joint encoding
Alt-2e: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.
· The HARQ-ACK delay values and the length of the HARQ-ACK delay set will be based on
· Alt-2e: “3 bits (same as legacy)”
· FFS: Whether HARQ delay set is to use range1 or range2
RRC signaling will be used to configure between Alt-1 and Alt-2e
FFS: Signaling details
FFS: Joint encoding

Working Assumption
The PDSCH scheduling delay and HARQ-ACK delay are jointly encoded in a single DCI field:
• The field uses no more than 7 bits if Alt-1 is configured. 
• The field is 5 bits if Alt-2e is configured.
• FFS: Details of the joint encoding.
•  FFS: Legacy DCI fields that might be re-purposed for the jointly encoded solution of Alt-1 and Alt-2e respectively.
Note: Alt-1 expresses the HARQ-ACK delay as: (y) BL/CE DL subframe + 1 subframe + (z) BL/CE UL subframes, where y = {0, 1, 2, … 11} and z = {1, 2, 3}.
Agreement
In Rel-17, the 14 HARQ processes feature is applicable for HD-FDD Cat M1 UEs in CE Mode A only.
For discussion in future meetings:
Whether 14 HARQ processes feature can be enabled for PDSCH repetition case
In this contribution, we discuss the detailed signaling of PDSCH scheduling delay and HARQ-ACK delay for LTE-MTC.
Discussion
In last RAN1 meeting, it was agreed that the 14 HARQ processes feature is applicable for HD-FDD Cat M1 UEs in CE Mode A only. From the perspective of peak data rate, feature of 14-HARQ processes is not enabled for PDSCH repetition case. In this case, the 2-bit ‘Repetition number’ field in DCI format 6-1A can be repurposed when 14-HARQ processes is enabled.
Proposal 1: The PDSCH repetition number is assumed to be 1 if 14-HARQ processes feature is enabled.
Details of signaling
For the 14 HARQ process feature, the HARQ-ACK delay solution will be supported with multiple solutions: Alt-1 for full flexibility and Alt-2e for support of legacy delay. Alt-1 or Alt-2e is configured by UE-specific high layer RRC signaling. For solution Alt-2e, both HARQ-ACK delay set range1 and range2 can be supported. The specific HARQ-ACK delay value is signaled by DCI.
Proposal 2: For HARQ-ACK solution Alt-2e, both HARQ-ACK delay set range1 and range2 can be supported. The specific HARQ-ACK delay value is signaled by DCI.
If percentage of invalid 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, considering that the minimum gap between PDSCH and corresponding UL subframe for HARQ-ACK transmission is 11 (as highlighted in yellow in Figure 1), the minimum HARQ-ACK delay value would be 12. 
[image: ]
Figure 1
When percentage of invalid subframes is larger than 0, the HARQ-ACK delay value would be increased along with the increase of number of invalid subframes. 
Observation 1: The minimum HARQ-ACK delay value would be 12 when PDSCH scheduling delay is 7.
The PDSCH scheduling delay and HARQ-ACK delay are jointly encoded in a single DCI field. The field is 5 bits if Alt-2e is configured. Legacy 2-bit ‘Repetition number’ field and 3-bit ‘HARQ-ACK delay field’ in DCI format 6-1A can be repurposed to indicate the 5-bit ‘PDSCH scheduling delay and HARQ-ACK delay’ field. One example of joint indication is shown in Table 1. Besides legacy HARQ-ACK delay values, larger HARQ-ACK delay values also can be supported in this example.
Table 1 Example of joint indication if Alt-2e is configured
	'Repetition number' field in DCI
	'HARQ-ACK delay' field in DCI
	Scheduling delay for PDSCH
	HARQ-ACK delay value in absolute subframes

	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 3: For HARQ-ACK solution Alt-2e, legacy 2-bit ‘Repetition number’ field and 3-bit ‘HARQ-ACK delay field’ in DCI format 6-1A can be repurposed to indicate the 5-bit ‘PDSCH scheduling delay and HARQ-ACK delay’ field.
· HARQ-ACK delay value in absolute subframes would be {4~17} when PDSCH scheduling delay is 2.
· HARQ-ACK delay value in absolute subframes would be {12~19} when PDSCH scheduling delay is 7.
If Alt-1 is configured, for PDSCH scheduling delay of 2, the value set y can be fixed for a certain z. 
· y would be {8, 9 10, 11} BL/CE DL subframes for z = 1 BL/CE UL subframe
· y would be {4, 5, 6, 7} BL/CE DL subframes for z = 2 BL/CE UL subframes
· y would be {0, 1, 2, 3} BL/CE DL subframe(s) for z = 3 BL/CE UL subframes
For PDSCH scheduling delay of 7, the value z would be 1 BL/CE UL subframe which corresponds to {8, 9 10, 11} BL/CE DL subframes in order to avoid earlier scheduling but later feedback . 
‘PDSCH scheduling delay and HARQ-ACK delay’ joint encoding field can be indicated by 5 bits. Legacy 2-bit ‘Repetition number’ field and 3-bit ‘HARQ-ACK delay field’ in DCI format 6-1A can be repurposed for indication. One example of joint indication is shown in Table 2.
Table 2 Example of joint indication if Alt-1 is configured
	Joint encoding ‘PDSCH scheduling delay and HARQ-ACK delay’ field
	Scheduling delay for PDSCH
	HARQ-ACK delay
{(y) BL/CE DL subframe + 1 subframe + (z) BL/CE UL subframes}

	repurposed legacy 'Repetition number' field
	repurposed legacy 'HARQ-ACK delay' field
	
	y
	z

	00
	000
	2
	8
	1

	
	001
	2
	9
	1

	
	010
	2
	10
	1

	
	011
	2
	11
	1

	
	100
	2
	4
	2

	
	101
	2
	5
	2

	
	110
	2
	6
	2

	
	111
	2
	7
	2

	01
	000
	2
	0
	3

	
	001
	2
	1
	3

	
	010
	2
	2
	3

	
	011
	2
	3
	3

	
	100
	7 (Type 1)
	8
	1

	
	101
	7 (Type 2)
	8
	1

	
	110
	7 (Type 1)
	9
	1

	
	111
	7 (Type 2)
	9
	1

	10
	000
	7 (Type 1)
	10
	1

	
	001
	7 (Type 2)
	10
	1

	
	010
	7 (Type 1)
	11
	1

	
	011
	7 (Type 2)
	11
	1

	
	100~111
	Reserved

	11
	110~111
	


Proposal 4: For HARQ-ACK solution Alt-1, legacy 2-bit ‘Repetition number’ field and 3-bit ‘HARQ-ACK delay field’ in DCI format 6-1A can be repurposed to indicate the 5-bit ‘PDSCH scheduling delay and HARQ-ACK delay’ field.
· For PDSCH scheduling delay of 2, the value set y can be fixed for a certain z. 
· y would be {8, 9 10, 11} BL/CE DL subframes for z = 1 BL/CE UL subframe
· y would be {4, 5, 6, 7} BL/CE DL subframes for z = 2 BL/CE UL subframes
· y would be {0, 1, 2, 3} BL/CE DL subframe(s) for z = 3 BL/CE UL subframes
· For PDSCH scheduling delay of 7, the value z would be 1 BL/CE UL subframe which corresponds to {8, 9 10, 11} BL/CE DL subframes. 
Conclusions
In this contribution, we have discussed the remaining issues to support DL 14-HARQ processes for H-FDD LTE-MTC. We make the following observations and proposals:
Observation 1: The minimum HARQ-ACK delay value would be 12 when PDSCH scheduling delay is 7.
Proposal 1: The PDSCH repetition number is assumed to be 1 if 14-HARQ processes feature is enabled.
Proposal 2: For HARQ-ACK solution Alt-2e, both HARQ-ACK delay set range1 and range2 can be supported. The specific HARQ-ACK delay value is signaled by DCI.
Proposal 3: For HARQ-ACK solution Alt-2e, legacy 2-bit ‘Repetition number’ field and 3-bit ‘HARQ-ACK delay field’ in DCI format 6-1A can be repurposed to indicate the 5-bit ‘PDSCH scheduling delay and HARQ-ACK delay’ field.
· HARQ-ACK delay value in absolute subframes would be {4~17} when PDSCH scheduling delay is 2.
· HARQ-ACK delay value in absolute subframes would be {12~19} when PDSCH scheduling delay is 7.
Proposal 4: For HARQ-ACK solution Alt-1, legacy 2-bit ‘Repetition number’ field and 3-bit ‘HARQ-ACK delay field’ in DCI format 6-1A can be repurposed to indicate the 5-bit ‘PDSCH scheduling delay and HARQ-ACK delay’ field.
· For PDSCH scheduling delay of 2, the value set y can be fixed for a certain z. 
· y would be {8, 9 10, 11} BL/CE DL subframes for z = 1 BL/CE UL subframe
· y would be {4, 5, 6, 7} BL/CE DL subframes for z = 2 BL/CE UL subframes
· y would be {0, 1, 2, 3} BL/CE DL subframe(s) for z = 3 BL/CE UL subframes
· For PDSCH scheduling delay of 7, the value z would be 1 BL/CE UL subframe which corresponds to {8, 9 10, 11} BL/CE DL subframes. 
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