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1	Introduction
In the Work Item (WI) on “Additional enhancements for NB-IoT and LTE-MTC” [1], one of the objectives is to specify the following enhancement for LTE-MTC:
	· [bookmark: _Hlk31052369][bookmark: _Hlk31108863]Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL, for HD-FDD Cat M1 UEs. [LTE-MTC] [RAN1]



In RAN1 #104e, the following agreements were made [2].
	Agreement
The PDSCH scheduling delay for the PUCCH non-repetition case (i.e., PUCCH repetitions = 1):
· 2 BL/CE DL subframes.
· The PDSCH scheduling delay of 7 is expressed as: 
· 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.

Agreement
For the 14 HARQ processes feature, when PUCCH is used with 1 repetition and there is presence of non-BL/CE UL subframes (i.e., invalid UL subframes):
· The term surrounded by brackets in Solution 1 is resolved as 3 BL/CE UL subframes.



In this contribution we address the HARQ-ACK delay design in line with the most recent agreements [2], as well as the DCI design for both the PDSCH scheduling delays and HARQ delays.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of 14 HARQ processes in DL
[bookmark: _Hlk49935786]2.1	HARQ-ACK delays in presence of non-BL/CE subframes 
During RAN1 #103-e, the following agreement was reached [3]:
	Agreement
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.




According with the current specification when “ce-HARQ-AckBundling” is set, the “HARQ-ACK delay” field in DCI can indicate any of the following delays {4, 5, 6, 7, 8, 9, 10, 11}. In Rel-17 with the introduction of 14 HARQ processes, longer delays will be needed even for an ideal scenario where all subframes are assumed to be valid, as well as for scenarios “in presence of non-BL/CE DL subframes and non-BL/CE UL subframes”.
The legacy “HARQ-ACK delay” field consists of 3-bits, if it were increased by just 1-bit then we would be able to concatenate 8 additional delay values to cover with a limited impact in DCI both an ideal scenario and the “presence of non-BL/CE DL subframes and non-BL/CE UL subframes”. 
Below we put the “HARQ-ACK delays” into perspective for PUCCH# 0, PUCCH# 1, and PUCCH# 2, assuming the required delay for the farthest HARQ process to a given PUCCH, recall that according with the agreements “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”. For example, in case the 8 additional HARQ-ACK delay values to be concatenated to the legacy ones were chosen to be {13, 14, 15, 16, 17, 18, 19, 20}, then the following shadowed regions in Table 1 would be covered for PUCCH# 0, PUCCH# 1, and PUCCH# 2 respectively.
Table 1: HARQ-ACK delays from the farthest HARQ process to PUCCH #0, PUCCH #1 and PUCCH #2.
	Table 1a
	
PUCCH#0
	# of non-BL/CE DL subframes present
(i.e., MPDCCH and PDSCH postponed by # of non-BL/CE DL subframes)

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	# of non-BL/CE UL subframes present    (i.e., PUCCH postponed by # of non-BL/CE UL subframes)
	0
	13
	14
	15
	16
	17
	18
	19
	20
	21

	
	1
	14
	15
	16
	17
	18
	19
	20
	21
	22

	
	2
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	3
	16
	17
	18
	19
	20
	21
	22
	23
	24

	
	4
	17
	18
	19
	20
	21
	22
	23
	24
	25

	
	5
	18
	19
	20
	21
	22
	23
	24
	25
	26

	
	6
	19
	20
	21
	22
	23
	24
	25
	26
	27

	
	7
	20
	21
	22
	23
	24
	25
	26
	27
	28

	
	8
	21
	22
	23
	24
	25
	26
	27
	28
	29




	Table 1b
	
PUCCH#1
	# of non-BL/CE DL subframes present
(i.e., MPDCCH and PDSCH postponed by # of non-BL/CE DL subframes)

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	# of non-BL/CE UL subframes present    (i.e., PUCCH postponed by # of non-BL/CE UL subframes)
	0
	14
	15
	16
	17
	18
	19
	20
	21
	22

	
	1
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	2
	16
	17
	18
	19
	20
	21
	22
	23
	24

	
	3
	17
	18
	19
	20
	21
	22
	23
	24
	25

	
	4
	18
	19
	20
	21
	22
	23
	24
	25
	26

	
	5
	19
	20
	21
	22
	23
	24
	25
	26
	27

	
	6
	20
	21
	22
	23
	24
	25
	26
	27
	28

	
	7
	21
	22
	23
	24
	25
	26
	27
	28
	29

	
	8
	22
	23
	24
	25
	26
	27
	28
	29
	30




	Table 1c
	
PUCCH#2
	# of non-BL/CE DL subframes present
(i.e., MPDCCH and PDSCH postponed by # of non-BL/CE DL subframes)

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	# of non-BL/CE UL subframes present    (i.e., PUCCH postponed by # of non-BL/CE UL subframes)
	0
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	1
	16
	17
	18
	19
	20
	21
	22
	23
	24

	
	2
	17
	18
	19
	20
	21
	22
	23
	24
	25

	
	3
	18
	19
	20
	21
	22
	23
	24
	25
	26

	
	4
	19
	20
	21
	22
	23
	24
	25
	26
	27

	
	5
	20
	21
	22
	23
	24
	25
	26
	27
	28

	
	6
	21
	22
	23
	24
	25
	26
	27
	28
	29

	
	7
	22
	23
	24
	25
	26
	27
	28
	29
	30

	
	8
	23
	24
	25
	26
	27
	28
	29
	30
	31







The above means that if as part of the HARQ-ACK delay set the following delay values were included {13, 14, 15, 16, 17, 18, 19, 20}, then with respect to the HARQ-ACK bundle 0 it would be possible to handle the presence of up 31.25% of non-BL/CE DL subframes in case 2 non-BL/CE UL subframes were present.
In [4], which was co-sourced by several operators, it was mentioned:
· “20% presence of non-BL/CE subframes may reflect the typical situation today but not the typical situation in a near future when the 14 HARQ processes feature may be deployed in real deployments.”

· “Even if some services such as MBSFN, PRS may be perceived as non-deployed or uncommon, at least the NR co-existence is expected to grow and at least 40% to 30% presence of non-BL/CE subframes should be considered as a minimum.”

[bookmark: _Hlk66299531]Based on the above analysis, and in line with a future proof design and the agreement stating that “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”, the HARQ-ACK delay set for the 14 HARQ processes feature could be as follows: {4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20}, which consist of all the legacy delay values available when “ce-HARQ-AckBundling” is set, plus eight new delay values.
[bookmark: _Hlk66299268][bookmark: _Toc68187705]The legacy “HARQ-ACK delay” field consists of 3-bits, if it were increased by just 1-bit then we would be able to concatenate 8 additional delay values to cover with a limited impact in DCI both an ideal scenario and the “presence of non-BL/CE DL subframes and non-BL/CE UL subframes”.
[bookmark: _Toc68187714]For the support of 14 HARQ processes, the “HARQ-ACK delay” set includes the legacy HARQ-ACK delays when “ce-HARQ-AckBundling” is set, plus eight new delay values:
· [bookmark: _Toc68187715]HARQ-ACK delay set:
[bookmark: _Toc68187716]{4, 5, 6, 7, 8, 9, 10, 11, [13], [14], [15], [16], [17], [18], [19], [20]}
2.2	DCI design for the PDSCH scheduling delay and the HARQ-ACK delay
The PDSCH scheduling delay solution agreed in RAN1 #104-e [2], can be implemented using 2-bits in DCI Format 6-1A. The PDSCH scheduling delay field in DCI Format 6-1A would point out to the following states:
· PDSCH scheduling delay:

00: 2 BL/CE DL subframes
01: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
10: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
11: Not used/Reserved

On the other hand and as described in section 2.1, if the HARQ-ACK delay set were given by e.g., {4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20} when 14 HARQ processes and “ce-HARQ-AckBundling” are set, then the “HARQ-ACK delay” field can be increased by one bit as to use 4-bits in DCI Format 6-1A. The “HARQ-ACK delay” field would point out to an expanded version of the legacy Table 7.3.1-2 as depicted below:
· HARQ-ACK delay:

Table 2: Updated Table 7.3.1-2 to support HARQ-ACK delays for BL/CE UE in CE Mode A for 14 HARQ processes

	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when ’ce-pdsch-fourteenProcesses’ is set
	Comment

	0000
	4
	All HARQ-ACK delays in Rel-16 when ’ce-HARQ-AckBundling’ is set are kept.

	0001
	5
	

	0010
	6
	

	0011
	7
	

	0100
	8
	

	0101
	9
	

	0110
	10
	

	0111
	11
	

	1000
	13
	The values 13, 14 and 15 are usable for 14 HARQ processes when there is no presence of invalid subframes (ideal scenario).

	1001
	14
	

	1010
	15
	

	1011
	16
	This set of delays will handle the presence of non-BL/CE DL subframes and non-BL/CE UL subframes.


	1100
	17
	

	1101
	18
	

	1110
	19
	

	1111
	20
	



Overall, the total number of bits required by the DCI design described above are 3-bits: 2-bits for PDSCH scheduling delay and 1-bit for HARQ-ACK delay (The legacy “HARQ-ACK delay” field in DCI Format 6-1A is increased by 1-bit)
2.2.1	Comparison of DCI designs
The DCI design described in section 2.2 a.k.a. “Solution 1” requires in total 3-bits already accounting for both the “PDSCH scheduling delay” field and the “HARQ-ACK delay” field. In this section, “Solution 1” is compared one-on-one versus other DCI designs proposed in [5] and [6].
The common assumptions towards performing the DCI design comparison is that there are 3 PDSCH scheduling delay values (The agreed PDSCH scheduling delay consists of a delay of 2 and two variants for the delay 7), and let’s assume there are 16 HARQ-ACK delay values as to keep the eight legacy delay values plus eight more delay values (to handle the ideal scenario and the presence of non-BL/CE DL subframes and/or non-BL/CE UL subframes). Table 3 shows the DCI design comparison.
Table 3: DCI designs comparison to support 14-HARQ processes in Rel-17

	
	“Solution 1”: 
The “PDSCH Scheduling delay” and “HARQ-ACK delay” use separate fields
	“Solution 2” [5]: 
Joint-coding of the “PDSCH Scheduling delay” and “HARQ-ACK delay”
	“Solution 3” [6]:
 If HARQ_ID < 10
Follow legacy procedures to determine HARQ_ID, HARQ-ACK delay. PDSCH delay = 2
Else
Obtain HARQ_ID and PDSCH delay from ‘HARQ-ACK delay’ field in DCI.
Obtain HARQ-ACK delay from ‘HARQ-ID’ field in DCI.
Note: In this proposal, the “HARQ process number” field is called “HARQ_ID” field.

	General Description
	· PDSCH scheduling delay:

00: 2 BL/CE DL subframes
01: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
10: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
11: Not used/Reserved

· HARQ-ACK delay:

When 14 HARQ processes and “ce-HARQ-AckBundling” are set, the “HARQ-ACK delay” field can be increased by one bit as to increase the size of the legacy Table 7.3.1-2 to include 8 more delay values.
 
	There are 3 possible PDSCH Scheduling delays that can be assigned, and 16 possible HARQ-ACK delays that can be assigned, if for each of the PDSCH scheduling delays it were possible to use any HARQ-ACK delay then we would have 3(16)= 48 different possibilities. Thus, it seems that a joint-coding solution would require 6-bits (48 out of 64 possible entries would be used).
	“Solution 3” was originally designed having in mind an ideal-scenario. Extrapolating its logic to the same assumptions to which “Solution 1” and “Solution 2” are subject, then when “HARQ_ID ≥ 10” the “HARQ-ACK delay” field is not used to indicate the delay but rather the “HARQ_ID” and “PDSCH scheduling delay”, but the field would have to be increased by 1-bit since different from the original design, now there are 3 PDSCH scheduling delay values (The agreed PDSCH scheduling delay consists of a delay of 2 and two variants for the delay 7).
Moreover, according with this design when“HARQ_ID ≥ 10”, six entries in the “HARQ_ID” field are re-interpreted to indicate the “HARQ-ACK delays” (recall, the “HARQ_ID” is derived from the “HARQ-ACK delay” field). However, this field would need to be increased by 1-bit too since different from the original design, now there will be longer HARQ-ACK delays as to handle both an ideal scenario and the presence of non-BL/CE DL subframes and/or BL/CE UL subframes.

	Pros
	[bookmark: _Hlk66307901]Full-flexibility, for each of the PDSCH scheduling delays it is possible to use any HARQ-ACK delay.
The “PDSCH Scheduling delay” and “HARQ-ACK delay” would use separate fields.
Backward compatible with respect to the HARQ-ACK delay since the legacy Table 7.3.1-2 is just expanded by 1-bit.
The legacy “HARQ process number” field remains unmodified.
	Full-flexibility, for each of the PDSCH scheduling delays it is possible to use any HARQ-ACK delay.
The joint-coding solution would use 48 out of 64 possible entries, hence the 16 un-used entries might be useful in future releases.
The legacy “HARQ process number” field remains unmodified.
	2-bits in total (1-bit less than other proposals, however with no full-flexibility).

	Cons
	If it were not possible to find bits that can be re-purposed, the DCI size for Format 6-1A would be increased by 3-bits.
	If it were not possible to find bits that can be re-purposed, the DCI size for Format 6-1A would be increased by 3-bits.
No backward compatible with respect to the legacy HARQ-ACK delay field since its bits will be used for joint-coding the “PDSCH Scheduling delay” and the “HARQ-ACK delay”.
	If it were not possible to find bits that can be re-purposed, the DCI size for Format 6-1A would be increased by 2-bits.
“Solution 3” is not Fully-flexible, for each of the PDSCH scheduling delays it is not possible to use any HARQ-ACK delay without making use of an additional mechanism such a fallback.
No backward compatible: 
· When “HARQ_ID ≥ 10” the “HARQ-ACK delay” field is not used to indicate the delay but rather the “HARQ_ID” and “PDSCH scheduling delay”.
· Similarly, when “HARQ_ID ≥ 10”, six entries in the “HARQ_ID” field are re-interpreted to indicate the “HARQ-ACK delays”.

	Total number of new bits required by the solution. 
	Fully flexible with 3-bits in total: 
· [bookmark: _Hlk66308497][bookmark: _Hlk66308722]2-bits for PDSCH scheduling delay and 1-bit for HARQ-ACK delay (The legacy “HARQ-ACK delay” field in DCI Format 6-1A is increased by 1-bit).
	Fully flexible with 3-bits in total: 
· 3-bits added together with the 3-bits from the legacy “HARQ-ACK delay” field as to perform the joint-coding of the “PDSCH Scheduling delay” and the “HARQ-ACK delay”.
	Not fully flexible with 2-bits in total:
· 1-bit for re-interpreting the “HARQ-ACK delay” field and 1-bit for re-interpreting the “HARQ_ID”.



Based on the above comparison, “Solution 1” is preferred because it uses separate DCI fields for the “PDSCH Scheduling delay” and that “HARQ-ACK delay”, keeps the “HARQ process number” field unmodified, offers full-flexibility in terms of using the PDSCH scheduling delays with any HARQ-ACK delay, and finally because the legacy Table 7.3.1-2 can be re-used by just including on it 8 more delay values.
[bookmark: _Toc68187706]A solution using separate fields for the “PDSCH Scheduling delay” and “HARQ-ACK delay” can be obtained as follows:
· [bookmark: _Toc68187707]PDSCH Scheduling delay: 2-bits are needed to cover the possibility of assigning a delay of 2 or any of the two variants for the delay of 7.
· [bookmark: _Toc68187708]HARQ-ACK delay: The legacy “HARQ-ACK delay” field consists of 3-bits, it just needs to be increased by 1-bit to cover ideal and non-ideal scenarios.
[bookmark: _Toc68187717]For the support of 14 HARQ processes in DCI Format 6-1A, the “PDSCH Scheduling delay” and “HARQ-ACK delay” use separate fields consisting of 2-bits and 4-bits respectively.
· [bookmark: _Toc68187718]The legacy “HARQ-ACK delay” field is increased by 1-bit as to provide 4-bits in total. FFS: If the 1-bit can be obtained re-purposing an existing field or if a new bit needs to be added.
· [bookmark: _Toc68187719]FFS: If the 2-bits required by the “PDSCH Scheduling delay” can be obtained re-purposing an existing field or if new bits need to be added. 
2.3	HARQ-ACK bundling and the support of the PUCCH repetitions
[bookmark: _Hlk66301622]The 14 HARQ processes feature has been designed to handle ideal scenarios and scenarios with presence of non-BL/CE DL subframes, and/or non-BL/CE UL (including the postponement of PUCCH even for 1 repetition). On that matter, some companies commented that addressing more scenarios than the ones already agreed would continue increasing the scope of this Rel-17 objective which is something that is in principle not preferred by those companies. 
In relation with the above, at first glance supporting PUCCH repetitions might be seen as expanding further the scope of Rel-17. However, there are two ways of supporting PUCCH repetitions for the 14 HARQ processes feature:
· Design-wise setting a target on the number of PUCCH repetitions to be supported, in this case the design of the 14 HARQ processes feature would have to account for it (e.g., even longer delays in the HARQ-ACK delay set).

· [bookmark: _Hlk66300215]Design-wise not setting a target on the number of PUCCH repetitions to be supported, in this case the design of the 14 HARQ processes feature does not account for it, and rather certain PUCCH repetition scenarios are covered/supported with whatever framework be agreed for the 14 HARQ processes feature. In our understanding this is the same approach followed by the legacy HARQ-ACK bundling, which did not design for PUCCH repetitions, but did not preclude the support of PUCCH repetitions for the scenarios that to some extent could be covered with the Rel-14 framework. In RAN1 #88, the following agreement was reached “•	PUCCH repetition is supported with HARQ-ACK bundling (i.e. legacy behavior)” [7].

Looking at the HARQ-ACK delay set {4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20} in section 2.1, if the support of PUCCH repetitions were not precluded then for an ideal scenario (where all the 14 HARQ processes are assumed to be in use) it is foreseen that up 4 PUCCH repetitions could be supported. That is, as illustrated in Figure 1, assuming HARQ process #6 were bundled into PUCCH #2, if both PUCCH #0 and PUCCH #1 had 4 repetitions each, the delay distance from the subframe after the PDSCH corresponding to HARQ process #6 till the first subframe of PUCCH#2 is 13 subframes (see dotted line in the diagram below), which is a delay value available in the assumed HARQ-ACK delay set.
	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	
	
	
	
	
	
	
	
	
	

	PDSCH
	12
	13
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	
	
	
	
	

	ACK/NACK (Bundling)
0: (12, 13, 0, 1)
1: (2, 3, 4, 5)
2: (6, 7, 8, 9)
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	0
	0
	0
	1
	1
	1
	1
	2


The time progression of the diagram continues below:
	subframe No
	22
	23
	24
	25
	26
	27
	...




	MPDCCH
	
	
	
	
	0
	1
	

	PDSCH
	
	
	
	
	10
	11
	

	ACK/NACK (Bundling)
0: (12, 13, 0, 1)
1: (2, 3, 4, 5)
2: (6, 7, 8, 9)
	2
	2
	2
	
	
	
	


Figure 1: Ideal scenario (assuming all the 14 HARQ processes are in use) can support up to 4 PUCCH repetitions without setting a specific target on the number of PUCCH repetitions (i.e., using the framework that will handle ideal and non-ideal scenarios).
[bookmark: _Hlk66363107]To support up 8 PUCCH repetitions in an ideal scenario (where all the 14 HARQ processes are assumed to be in use), a delay value equal to 21 is foreseen to be needed (Without having to increase the number of bits for the HARQ-ACK delay, it can be considered to replace the delay value of “14” in order to include “21” as to be able to support 8 PUCCH repetitions in an ideal scenario). The support of PUCCH repetitions in Rel-17 is almost transparent, since in the PDSCH scheduling delay expression updating the term from “3 BL/CE UL subframes” to “3 Rpucch*BL/CE UL subframes” would be the only required update, where “Rpucch” refers to the number of configured PUCCH repetitions .
[bookmark: _Toc68187709]At first glance supporting PUCCH repetitions might be seen as expanding further the Rel-17 scope, however there are two ways of supporting PUCCH repetitions for the 14 HARQ processes feature:
· [bookmark: _Toc68187710]Design-wise setting a target on the number of PUCCH repetitions, in this case the design of the 14 HARQ processes feature would account for it (e.g., even longer delays in the HARQ-ACK delay set).
· [bookmark: _Toc68187711]Design-wise not setting a target on the number of PUCCH repetitions, in this case the design of the 14 HARQ processes feature does not account for it. The PUCCH repetition scenarios are supported to some extent as a function of the design framework agreed (e.g., HARQ-ACK delay set) for the 14 HARQ processes feature.

[bookmark: _Toc68187712]The legacy HARQ-ACK bundling per-se didn’t design for PUCCH repetitions but did not preclude the support of PUCCH repetitions for the scenarios that to some extent could be covered with the Rel-14 framework. The same approach should be followed for the HARQ-ACK bundling in Rel-17 for the support of 14 HARQ processes.
[bookmark: _Toc68187720]For the 14 HARQ processes feature, the HARQ-ACK bundling as in legacy supports PUCCH repetitions for the scenarios that to some extent could be covered with the Rel-17 framework design for the 14 HARQ processes feature.
· [bookmark: _Toc68187721]The term “3 BL/CE UL subframes” in the PDSCH scheduling delay is replaced by “3 Rpucch*BL/CE UL subframes”. Where “Rpucch” refers to the number of configured PUCCH repetitions.
2.4	Other topics left for further study
Supporting the “presence of Measurement gaps” and adding support for “Multi-TB grant” will require design modifications on the framework that has been agreed so far to support 14 HARQ processes. At this point since we need to balance the support of use-cases versus specification impacts and release time-line, it seems that in Rel-17 the scope will be kept focused on handling ideal scenarios and scenarios with presence of non-BL/CE DL subframes, and/or non-BL/CE UL (including the postponement of PUCCH even for 1 repetition).
Nonetheless, in case consensus-wise it were considered feasible to support yet another scenario in Rel-17, in our view adding support to handle the “presence of Measurement gaps” should be prioritized over adding support for “Multi-TB grant”, due that the presence of measurement gap will also impact the achievable peak data rate [4].
[bookmark: _Toc68187713]Upon balancing the support of use-cases versus specification impacts and release time-line, if in Rel-17 it were considered feasible to support yet another scenario, in our view adding support to handle the “presence of Measurement gaps” should be prioritized over adding support for “Multi-TB grant”.
4	Conclusion
In the previous sections we made the following observations towards the “Support of additional PDSCH scheduling delay for the introduction of 14-HARQ processes in DL, for HD-FDD Cat-M1 UEs”:

Observation 1	The legacy “HARQ-ACK delay” field consists of 3-bits, if it were increased by just 1-bit then we would be able to concatenate 8 additional delay values to cover with a limited impact in DCI both an ideal scenario and the “presence of non-BL/CE DL subframes and non-BL/CE UL subframes”.
Observation 2	A solution using separate fields for the “PDSCH Scheduling delay” and “HARQ-ACK delay” can be obtained as follows:
	PDSCH Scheduling delay: 2-bits are needed to cover the possibility of assigning a delay of 2 or any of the two variants for the delay of 7.
	HARQ-ACK delay: The legacy “HARQ-ACK delay” field consists of 3-bits, it just needs to be increased by 1-bit to cover ideal and non-ideal scenarios.
Observation 3	At first glance supporting PUCCH repetitions might be seen as expanding further the Rel-17 scope, however there are two ways of supporting PUCCH repetitions for the 14 HARQ processes feature:
	Design-wise setting a target on the number of PUCCH repetitions, in this case the design of the 14 HARQ processes feature would account for it (e.g., even longer delays in the HARQ-ACK delay set).
	Design-wise not setting a target on the number of PUCCH repetitions, in this case the design of the 14 HARQ processes feature does not account for it. The PUCCH repetition scenarios are supported to some extent as a function of the design framework agreed (e.g., HARQ-ACK delay set) for the 14 HARQ processes feature.
Observation 4	The legacy HARQ-ACK bundling per-se didn’t design for PUCCH repetitions but did not preclude the support of PUCCH repetitions for the scenarios that to some extent could be covered with the Rel-14 framework. The same approach should be followed for the HARQ-ACK bundling in Rel-17 for the support of 14 HARQ processes.
Observation 5	Upon balancing the support of use-cases versus specification impacts and release time-line, if in Rel-17 it were considered feasible to support yet another scenario, in our view adding support to handle the “presence of Measurement gaps” should be prioritized over adding support for “Multi-TB grant”.

Based on the discussion in the previous sections we propose the following:

Proposal 1	For the support of 14 HARQ processes, the “HARQ-ACK delay” set includes the legacy HARQ-ACK delays when “ce-HARQ-AckBundling” is set, plus eight new delay values:
	HARQ-ACK delay set:
{4, 5, 6, 7, 8, 9, 10, 11, [13], [14], [15], [16], [17], [18], [19], [20]}
Proposal 2	For the support of 14 HARQ processes in DCI Format 6-1A, the “PDSCH Scheduling delay” and “HARQ-ACK delay” use separate fields consisting of 2-bits and 4-bits respectively.
	The legacy “HARQ-ACK delay” field is increased by 1-bit as to provide 4-bits in total. FFS: If the 1-bit can be obtained re-purposing an existing field or if a new bit needs to be added.
	FFS: If the 2-bits required by the “PDSCH Scheduling delay” can be obtained re-purposing an existing field or if new bits need to be added.
Proposal 3	For the 14 HARQ processes feature, the HARQ-ACK bundling as in legacy supports PUCCH repetitions for the scenarios that to some extent could be covered with the Rel-17 framework design for the 14 HARQ processes feature.
	The term “3 BL/CE UL subframes” in the PDSCH scheduling delay is replaced by “3 Rpucch*BL/CE UL subframes”. Where “Rpucch” refers to the number of configured PUCCH repetitions.
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