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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 #105-e, the following agreements, working assumption, and conclusion were reached [2].
	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. 
· [bookmark: _Hlk76069725]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}.

Conclusion:
In Rel-17, for the 14 HARQ processes feature:
When the HARQ-ACK delay is configured to use Alt-1 “PUCCH using Repetition = 1 is postponed”, whereas when the HARQ-ACK delay is configured to use Alt-2e “PUCCH using Repetition = 1 is not postponed (legacy behavior)”.

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




The latest version of the Feature Lead Summary utilized in RAN1# 105-e can be found in [3].
In this contribution we address the Working Assumption accounting for the agreements reached for the PDSCH Scheduling delay and HARQ-ACK delay. In addition, we provide our views on the DCI design including the potential DCI fields that might be re-purposed, and other aspects such as capability and search space to be used for the 14 HARQ processes feature.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of 14 HARQ processes in DL
2.1	Jointly Encoding of the “PDSCH Scheduling delay” and “HARQ-ACK delay”
In RAN1# 105-e [2], it was agreed that the HARQ-ACK delay solution will support Alt-1 and Alt2-e as to use either of them based on the configuration provided via RRC signalling:
· 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). This solution was agreed to ensure the support of a future-proof solution envisioning a potential large presence of invalid subframes, which will allow e.g., to be prepared for the co-existence with NR.

· Alt-2: The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”. This is intended to be used for ideal-scenarios (no presence of invalid subframes) and when there is low presence of invalid subframes.

The 14 HARQ processes feature can therefore have in place any of the following configurations:
· The PDSCH Scheduling delay solution used along with Alt-1 configured via RRC as the HARQ-ACK delay solution.

· The PDSCH Scheduling delay solution used along with Alt-2e configured via RRC as the HARQ-ACK delay solution.

For both Alt-1 and Alt-2, there is a Working Assumption on using a jointly encoding of PDSCH scheduling delay and HARQ-ACK delay as to provide a bit saving (for Alt-1) and extra-delay values (for Alt-2) with respect to using independent DCI fields for the PDSCH Scheduling delay and HARQ-ACK delay. Nonetheless, it remains to be decided the degree of flexibility and exact number of bits to be used when Alt-1 is configured, and the delay values in the HARQ-ACK delay set accounting for 5-bits when Alt-2 is configured.
[bookmark: _Toc78799445]For the jointly encoding of PDSCH scheduling delay and HARQ-ACK delay, it remains to be decided the degree of flexibility and exact number of bits to be used when Alt-1 is configured, and the delay values in the HARQ-ACK delay set accounting for 5-bits when Alt-2 is configured.
2.1.1	Jointly Encoding of PDSCH Scheduling delay solution used along with Alt-1 configured via RRC as the HARQ-ACK delay solution
2.1.1.1	Total number of bits required in DCI when “Alt-1 is fully flexible”
Below we separately describe the elements of the PDSCH Scheduling delay and the HARQ-ACK delay using Alt-1 with full flexibility:
•	PDSCH scheduling delay:
· 2 BL/CE DL subframes
· 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.

•	HARQ-ACK delay using “Alt-1 for full flexibility”:
(y) BL/CE DL subframe + 1 subframe (any type) + (z) BL/CE UL subframes.
where:
· y = {0,1,2, … ,11} 
· z = {1,2,3}   

If as per the WA a jointly encoding solution were used for the PDSCH Scheduling delay and the HARQ-ACK delay using “Alt-1 for full flexibility”, then the following number of bits would be required:
· PDSCH scheduling delay: There are 3 different expressions.
· HARQ-ACK delay using “Alt-1 for full flexibility”: There are 12 values for “y” and 3 values for “z”.
· The joint encoding solution will require: 12(3) + 12(3) + 12(3) = 108 states, meaning that we will need 7-bits for a fully flexible joint-encoding solution.
· Total Number of bits in DCI if a fully-flexible joint encoding solution based on Alt-1 were used: 7 bits.
[bookmark: _Hlk74230248][bookmark: _Hlk76034959][bookmark: _Hlk76035443]The above “jointly encoding solution using Alt-1 with full flexibility” already saves 1-bit with respect to using a non-jointly encoding design based on independent DCI fields which would require 8-bits in total. The 7-bits required for the “jointly encoding solution using Alt-1 with full flexibility” might be seen as a large L1-signaling overhead, however since at least we can count with the 3-bits of the existing “HARQ-ACK delay field”, then only 4-bits remain to be required, some of which may also be obtained from re-purposing other existing DCI fields as to reduce as much as possible the impact on the DCI size (See section 2.2).
[bookmark: _Toc78799446]A Jointly Encoding of the PDSCH Scheduling delay and HARQ-ACK delay based on Alt-1 using Full-Flexibility will consists of 108 states, which requires 7-bits in DCI.
[bookmark: _Toc78799447]The 7-bits “Jointly Encoding of the PDSCH Scheduling delay and HARQ-ACK delay based on Alt-1 using Full-Flexibility” already saves 1-bit with respect to a design based on independent DCI fields.
[bookmark: _Toc78799448]For the 7-bits “jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay based on Alt-1 using Full-Flexibility” at least the 3-bits of the existing “HARQ-ACK delay field” can be re-purposed, then only 4-bits remain to be required, some of which may also be obtained from re-purposing other existing DCI fields as to reduce the impact on the DCI size.
2.1.1.2 Total number of bits required in DCI when “Alt-1 is pseudo-flexible”
In the previous section we showed that a jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay using Alt-1 with full flexibility consist of 108 states, which requires 7-bits in DCI.
Any jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay using Alt-1 accounting for less than 7-bits will result in handling some scenarios in a sub-optimal manner since some states out of the 108 states would have to be left unaddressed.
[bookmark: _Hlk74232336]Moreover, to effectively reduce further the total number of bits required by the “jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay using Alt-1”, it will be needed to pass from 108 states to 64 states since any other number of states in between will still require 7-bits.
Having said that, the 64 states would have to be carefully selected as to avoid ending up sub-optimizing any legacy scenario spanning from having only 1 HARQ process present until up to 10 HARQ processes present, as well as the new scenarios consisting of up to 14 HARQ processes (12 HARQ processes per scheduling cycle).
In case it were not possible to minimize the impact on the DCI size through identifying enough DCI fields that could be re-purposed to introduce a “7-bit-based jointly encoding using Alt-1 with full flexibility”, in Annex 1 we have made an attempt to carefully identify a set of design principles that left aside scenarios that are foreseen as not needed to be addressed because of their rareness/corner-case-nature as to use in total only 64 states for a “pseudo-flexible jointly encoding solution” which requires 6-bits in DCI.
[bookmark: _Toc78799449]Any jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay with Alt-1 using less than 7-bits will result in handling some scenarios in a sub-optimal way ( 44 out of the 108 states would have to be left aside as to keep only 64 states).
[bookmark: _Toc78799450]To effectively reduce further the total number of bits required by the “jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay using Alt-1”, it will be needed to pass from 108 to 64 states (This allows passing from 7-bits to 6-bits).
[bookmark: _Toc78799451]If 64 states were to be used, they would have to be carefully selected as to avoid sub-optimizing any legacy scenario spanning from having only 1 HARQ process present until up to 10 HARQ processes present, as well as the new scenarios consisting of up to 14 HARQ processes.
2.1.2	Jointly Encoding of PDSCH Scheduling delay solution used along with Alt-2-e configured via RRC as the HARQ-ACK delay solution
Below we separately describe the elements of the PDSCH Scheduling delay and the HARQ-ACK delay using Alt-2e:
· PDSCH scheduling delay:

2 BL/CE DL subframes
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.

· HARQ-ACK delay using Alt-2e: “3 bits (same as legacy)”:

3-bits HARQ-ACK delay set = {a, b, c, d, e, f, g, h}.

Note: The delay values in the HARQ-ACK delay set dependent on the resolution of the following “FFS: Whether HARQ delay set is to use range1 or range2”.

The Working Assumption reached in RAN1# 105-e assumes a jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay using 5-bits, which will result in the following:
· PDSCH scheduling delay: There are 3 different expressions.
· HARQ-ACK delay using Alt-2e: The HARQ-ACK delay would aim to get most of the 5-bits used by the joint encoding solution as to provide 10 delays values instead of 8 delay values for the HARQ-ACK delay set with the same 5-bits. That is, the HARQ-ACK delay set would become = {a, b, c, d, e, f, g, h, i, j}.
· The joint encoding solution will require: 10 + 10 + 10 = 30 states, meaning that we will need 5-bits for a fully flexible joint-encoding solution based on Alt-2e.
· Total Number of bits in DCI if a joint encoding solution based on Alt-2e were used: 5 bits.

Thus, for Alt-2e what remains to be resolved is the “FFS: Whether HARQ delay set is to use range1 or range2”. The FFS opens the possibility of including longer delays than the minimum delay (i.e., 13) that is needed to handle ideal scenarios, which would make possible to handle scenarios with few invalid subframes present. The ranges 1 and 2 cited in the FFS are shown below as described in [4]:
[bookmark: _Hlk75967071]Table 7.3.1-2: HARQ-ACK delay for BL/CE UE in CE ModeA
	'HARQ-ACK delay' field in DCI
	HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range1'
	[bookmark: _Hlk75966841]HARQ-ACK delay value when 'ce-SchedulingEnhancement' set to 'range2', or 'ce-SchedulingEnhancement' is not configured and ’ce-HARQ-AckBundling’ is set

	000
	4
	4

	001
	5
	5

	010
	7
	6

	011
	9
	7

	100
	11
	8

	101
	13
	9

	110
	15
	10

	111
	17
	11



In the subsection below we analyse “range1” and “range2” starting with the latter one.
2.1.2.1 Alt-2e using a HARQ-ACK delay set based on range2
As mentioned earlier, the joint encoding solutions under WA allows Alt-2e to have a HARQ-ACK delay set composed of 10 delay values. Thus, if the HARQ-ACK delay set were based on range2 we have the following observation:
[bookmark: _Toc78799452]If the HARQ-ACK delay set were based on range2 one of the following two approaches could be followed:  
· [bookmark: _Toc78799453]Continue the numbering in the set using a unitary step increase:
[bookmark: _Toc78799454]HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, [12], [13]}
· [bookmark: _Toc78799455]Continue the numbering in the set adding delays 13 and 14 as to include the minimum delay needed for an ideal 14 HARQ processes scenario, and to cover the presence of at least one invalid subframe per scheduling cycle when 14 HARQ processes are in use (i.e., when less HARQ processes are in use, more than 1 invalid subframe would be handled respectively): 
[bookmark: _Toc78799456]HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, [13], [14]}
2.1.2.1	Alt-2 using a HARQ-ACK delay set based on range1
The 8 delay values of the legacy HARQ-ACK delay set for range 1 are {4, 5, 7, 9, 11, 13, 15, 17}, due that according with the WA a jointly encoding solution would allow to have a HARQ-ACK delay set composed of 10 delay values. One of the two new delay values for range 1 could be a delay of 10 subframes as to allow the possibility of bundling the ACKs/NACKs of the HARQ processes using sequentially PUCCH#0, PUCCH#1, PUCCH#2 until the last HARQ process in use as illustrated in the diagram below:
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Note: Each of the numbers inside the curly brackets (i.e., {}) refer to a HARQ process number, whereas each of the numbers inside the parenthesis (i.e., ()) correspond to the HARQ-ACK delay used in each case.
The 14 HARQ processes scenario illustrated above can be achieved through incorporating a delay of 10 to the HARQ-ACK delay set of range 1, whereas the other delay value can be 19 as to continue the numbering using a 2-step size as the legacy range1. The delays in the set other than 13, 10, 7, and 4 can be used to address the presence of invalid subframes to the best of the possibilities.
In other words, the HARQ-ACK delay set for Alt-2e based on range1 could be:
· HARQ-ACK delay set = {4, 5, 7, 9, [10], 11, 13, 15, 17, [19]}

[bookmark: _Toc78799457]If the HARQ-ACK delay set were based on range1:
· [bookmark: _Toc78799458]A delay of 10 subframes can be incorporated as to allow the possibility of bundling the ACKs/NACKs of the HARQ processes using sequentially PUCCH#0, PUCCH#1, PUCCH#2 starting over until the last HARQ process.
· [bookmark: _Toc78799459]The other delay to be added can be 19 subframes as to continue the numbering using a 2-step size as the legacy range1.
[bookmark: _Toc78799460]The HARQ-ACK delay set based on range1 can be:
[bookmark: _Toc78799461]HARQ-ACK delay set = {4, 5, 7, 9, [10], 11, 13, 15, 17, [19]}
2.2	Candidate DCI Fields for the Jointly Encoding Solutions
Towards introducing a joint encoding of PDSCH Scheduling delay and HARQ-ACK delay based on Alt-1, we mentioned earlier that at least we can count with the 3-bits of the existing “HARQ-ACK delay field”, letting pending from where to obtain the remaining 4-bits required by the fully-flexible jointly encoding solution or the remaining 3-bits in case a pseudo-flexible jointly encoding solution were adopted.
In relation to other DCI fields that may be re-purposed, the following was noted in RAN1# 105-e:
	For discussion in future meetings:
Whether 14 HARQ processes feature can be enabled for PDSCH repetition case




The PDSCH repetition is associated to the 2-bits “repetition number” field in DCI Format 6-1A, which in Rel-17 can in our view be re-purposed to built-up the jointly encoding solutions when the "HARQ-ACK bundling flag" is set to 1.
[bookmark: _Hlk76067723]In our view, re-purposing the 2-bits of the “repetition number” field is feasible since the “DCI subframe repetition number” field is 0 bits if “Transport blocks in a bundle” is present which in turn depends on the "HARQ-ACK bundling flag" to be set to 1. The above basically means that we cannot have MPDCCH repetitions along with HARQ-ACK bundling, hence we can re-purpose the “repetition number” field using a similar approach when the "HARQ-ACK bundling flag" is set to 1.
[bookmark: _Toc78799462]Re-purposing the 2-bits of the “repetition number” field is feasible using the same approach used for the “DCI subframe repetition” field which does not allow to use MPDCCH repetitions along with HARQ-ACK bundling when the "HARQ-ACK bundling flag" is set to 1.
[bookmark: _Toc78799463]Towards introducing the jointly encoding of the “PDSCH Scheduling delay and HARQ-ACK delay” in DCI Format 6-1A, only the 3-bits of the “HARQ-ACK delay field” and the 2-bits of the “repetition number” field can be repurposed.
[bookmark: _Toc78799465]In Rel-17 for the 14 HARQ processes feature, the bits of the following fields in DCI format 6-1A are repurposed when the "HARQ-ACK bundling flag" is set to 1:
· [bookmark: _Toc78799466]3-bits of the “HARQ-ACK delay” field
· [bookmark: _Toc78799467]2-bits of the “Repetition number” field
[bookmark: _Hlk76068209]After having further analyzed the DCI fields in DCI Format 6-1A, only the 3-bits of the “HARQ-ACK delay field” and the 2-bits of the “repetition number” field can be repurposed, which implies the following:
· For the jointly encoding of the “PDSCH Scheduling delay and HARQ-ACK delay using Alt-1”, 5-bits can be re-purposed from the “HARQ-ACK delay field” and “repetition number field”, meaning that the DCI size would have to be increased by 2-bits to introduce the fully-flexible jointly encoding solution or 1-bit for introducing a pseudo-flexible jointly encoding solution.

[bookmark: _Toc78799464]If in total only 5-bits in DCI Format 6-1A can be re-purposed, then for the jointly encoding solution based on Alt-1 the DCI size would have to be increased by 2-bits to introduce the fully-flexible solution or 1-bit for introducing a pseudo-flexible solution.  
[bookmark: _Toc78799468]The PDSCH scheduling delay and HARQ-ACK delay using Alt-1 are jointly encoded in a single DCI field consisting of a number of bits given by Alt-1 or Alt-2 once a down-selection will be performed:
· [bookmark: _Toc78799469]Alt-1: 7-bits for a fully-flexible jointly encoding solution, being 5-bits re-purposed from the “3-bits: HARQ-ACK delay” and “2-bits: Repetition number” fields along with the DCI size increased by 2-bits.
· [bookmark: _Toc78799470]Alt-2: 6-bits for a pseudo-flexible jointly encoding solution, being 5-bits re-purposed from the “3-bits: HARQ-ACK delay” and “2-bits: Repetition number” fields along with the DCI size increased by 1-bit.
· For the jointly encoding of the “PDSCH Scheduling delay and HARQ-ACK delay using Alt-2-e”, 5-bits can be re-purposed from the “HARQ-ACK delay field” and “repetition number field”, meaning that the DCI size won’t be increased due to Alt-2-e.

[bookmark: _Toc78799471]The PDSCH scheduling delay and HARQ-ACK delay using Alt-2e are jointly encoded in a single DCI field consisting of 5-bits, being the 5-bits re-purposed from the “3-bits: HARQ-ACK delay” and “2-bits: Repetition number” fields.
[bookmark: _Toc78799472]Confirm the Working Assumption from RAN1# 105-e on “The PDSCH scheduling delay and HARQ-ACK delay are jointly encoded in a single DCI field”.
2.3	Capability and Jointly Encoding Solutions
The PDSCH Scheduling delay solution is used along with Alt-1 or Alt-2e depending on which of those two alternatives has been configured via RRC as the HARQ-ACK delay solution to be in use. Hence, we propose to have a single UE capability that includes both Alt-1 and Alt-2e.
[bookmark: _Toc78799473]In Rel-17 for the 14 HARQ processes feature, a single UE capability including both Alt-1 and Alt-2e HARQ-ACK delay solutions is introduced.
2.1	UE Specific Search Space for the 14 HARQ processes feature
In our view, a User Specific Search Space (USS) has to be used for the 14-HARQ processes feature.
[bookmark: _Toc78799474]In Rel-17 for the 14 HARQ processes feature, the User Specific Search Space (USS) is used.
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	For the jointly encoding of PDSCH scheduling delay and HARQ-ACK delay, it remains to be decided the degree of flexibility and exact number of bits to be used when Alt-1 is configured, and the delay values in the HARQ-ACK delay set accounting for 5-bits when Alt-2 is configured.
Observation 2	A Jointly Encoding of the PDSCH Scheduling delay and HARQ-ACK delay based on Alt-1 using Full-Flexibility will consists of 108 states, which requires 7-bits in DCI.
Observation 3	The 7-bits “Jointly Encoding of the PDSCH Scheduling delay and HARQ-ACK delay based on Alt-1 using Full-Flexibility” already saves 1-bit with respect to a design based on independent DCI fields.
Observation 4	For the 7-bits “jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay based on Alt-1 using Full-Flexibility” at least the 3-bits of the existing “HARQ-ACK delay field” can be re-purposed, then only 4-bits remain to be required, some of which may also be obtained from re-purposing other existing DCI fields as to reduce the impact on the DCI size.
Observation 5	Any jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay with Alt-1 using less than 7-bits will result in handling some scenarios in a sub-optimal way ( 44 out of the 108 states would have to be left aside as to keep only 64 states).
Observation 6	To effectively reduce further the total number of bits required by the “jointly encoding of the PDSCH Scheduling delay and HARQ-ACK delay using Alt-1”, it will be needed to pass from 108 to 64 states (This allows passing from 7-bits to 6-bits).
Observation 7	If 64 states were to be used, they would have to be carefully selected as to avoid sub-optimizing any legacy scenario spanning from having only 1 HARQ process present until up to 10 HARQ processes present, as well as the new scenarios consisting of up to 14 HARQ processes.
Observation 8	If the HARQ-ACK delay set were based on range2 one of the following two approaches could be followed:
	Continue the numbering in the set using a unitary step increase:
HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, [12], [13]}
	Continue the numbering in the set adding delays 13 and 14 as to include the minimum delay needed for an ideal 14 HARQ processes scenario, and to cover the presence of at least one invalid subframe per scheduling cycle when 14 HARQ processes are in use (i.e., when less HARQ processes are in use, more than 1 invalid subframe would be handled respectively):
HARQ-ACK delay set = {4, 5, 6, 7, 8, 9, 10, 11, [13], [14]}
Observation 9	If the HARQ-ACK delay set were based on range1:
-	A delay of 10 subframes can be incorporated as to allow the possibility of bundling the ACKs/NACKs of the HARQ processes using sequentially PUCCH#0, PUCCH#1, PUCCH#2 starting over until the last HARQ process.
-	The other delay to be added can be 19 subframes as to continue the numbering using a 2-step size as the legacy range1.
The HARQ-ACK delay set based on range1 can be:
HARQ-ACK delay set = {4, 5, 7, 9, [10], 11, 13, 15, 17, [19]}
Observation 10	Re-purposing the 2-bits of the “repetition number” field is feasible using the same approach used for the “DCI subframe repetition” field which does not allow to use MPDCCH repetitions along with HARQ-ACK bundling when the "HARQ-ACK bundling flag" is set to 1.
Observation 11	Towards introducing the jointly encoding of the “PDSCH Scheduling delay and HARQ-ACK delay” in DCI Format 6-1A, only the 3-bits of the “HARQ-ACK delay field” and the 2-bits of the “repetition number” field can be repurposed.
Observation 12	If in total only 5-bits in DCI Format 6-1A can be re-purposed, then for the jointly encoding solution based on Alt-1 the DCI size would have to be increased by 2-bits to introduce the fully-flexible solution or 1-bit for introducing a pseudo-flexible solution.

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

Proposal 1	In Rel-17 for the 14 HARQ processes feature, the bits of the following fields in DCI format 6-1A are repurposed when the "HARQ-ACK bundling flag" is set to 1:
	3-bits of the “HARQ-ACK delay” field
	2-bits of the “Repetition number” field
Proposal 2	The PDSCH scheduling delay and HARQ-ACK delay using Alt-1 are jointly encoded in a single DCI field consisting of a number of bits given by Alt-1 or Alt-2 once a down-selection will be performed:
	Alt-1: 7-bits for a fully-flexible jointly encoding solution, being 5-bits re-purposed from the “3-bits: HARQ-ACK delay” and “2-bits: Repetition number” fields along with the DCI size increased by 2-bits.
	Alt-2: 6-bits for a pseudo-flexible jointly encoding solution, being 5-bits re-purposed from the “3-bits: HARQ-ACK delay” and “2-bits: Repetition number” fields along with the DCI size increased by 1-bit.
Proposal 3	The PDSCH scheduling delay and HARQ-ACK delay using Alt-2e are jointly encoded in a single DCI field consisting of 5-bits, being the 5-bits re-purposed from the “3-bits: HARQ-ACK delay” and “2-bits: Repetition number” fields.
Proposal 4	Confirm the Working Assumption from RAN1# 105-e on “The PDSCH scheduling delay and HARQ-ACK delay are jointly encoded in a single DCI field”.
Proposal 5	In Rel-17 for the 14 HARQ processes feature, a single UE capability including both Alt-1 and Alt-2e HARQ-ACK delay solutions is introduced.
Proposal 6	In Rel-17 for the 14 HARQ processes feature, the User Specific Search Space (USS) is used.
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4	Annex 1: 6-bits Pseudo-Flexible joint encoding of PDSCH scheduling delay and HARQ-ACK delay using Alt-1
[bookmark: _Hlk70968555]The PDSCH scheduling delay and HARQ-ACK delay based on Alt-1 are defined as below:
· 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 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-1 HARQ-ACK delay:
· (y) BL/CE DL subframe + 1 subframe + (z) BL/CE UL subframes, where y = {0, 1, 2, … 11} and z = {1, 2, 3}.

Based on the above, a fully flexible joint encoding of the “PDSCH Scheduling delay” and “HARQ-ACK delay using Alt-1” will consists of 108 states, which translates into 7-bits in DCI. Aiming at reducing such a joint encoding solution by 1-bit, it is needed to use in total only 64 states as to require 6-bits in DCI. Below we define a set of design principles that can be applied as to require only 64 states, which keep addressing the legacy scenarios spanning from having only 1 HARQ process present until up to 10 HARQ processes present, as well as the new scenarios consisting of 14 HARQ processes (12 HARQ processes per scheduling cycle).
· Design principles for HARQ processes whose PDSCH scheduling delay = 2:

For HARQ processes whose PDSCH scheduling delay equals to 2 BL/CE DL subframes, certain Alt-1 HARQ-ACK delay patterns will never or rarely (corner-case) be used, e.g. when “y” equals to 11 or 10. That is, when the 14-HARQ feature is enabled and more than 10 HARQ processes are in use, the first two HARQ processes that are scheduled will always have a PDSCH scheduling delay = 7, which are the ones requiring “y” to be equal to 11 or 10.
Thus, when PDSCH scheduling delay equals to 2 BL/CE DL subframes, the variable “y” in the HARQ-ACK delay of Alt-1 is restricted to be {0, 1, 2, … 9}.
· Design principles for HARQ processes whose PDSCH scheduling delay = 7:

For HARQ processes whose PDSCH scheduling delay = 7, the following aspects are assumed to hold:
· The HARQ processes with PDSCH scheduling delay = 7 will always be scheduled at the beginning within a scheduling cycle.
· There are at most 2 HARQ processes with PDSCH scheduling delay = 7, which will be scheduled back-to-back.
· When there are HARQ processes scheduled using a PDSCH scheduling delay = 7, either of its PDSCH scheduling delay expressions will cause having 3 HARQ-ACK bundles present (i.e., 3 PUCCHs present) before the subframe where their PDSCHs are transmitted, meaning that at the moment of transmitting their corresponding ACK/NACK it won’t be needed to account for 3 HARQ-ACK bundles.

Due that it cannot be predicted how many HARQ processes are left after the HARQ processes that are always scheduled at the beginning with a PDSCH scheduling delay = 7, it’s better do not restrict the range of “y” in the HARQ-ACK delay of Alt-1, hence “y” can still be set to y = {0, 1, 2, … 11}.
On the other hand, based on bullet 2 and 3 above, for PDSCH scheduling delay = 7, “z” can be restricted to some extent.
Generally speaking, the design principles for the PDSCH scheduling delay = 7 can be seen as associating the farthest possible delays with the closest possible PUCCH(s), and vice versa. 
That is, for the PDSCH scheduling delay = 7:
•	when y = {2, … 11}, z is {1}
•	when y = {1}, z is {1, 2}
•	when y = {0}, z is {1, 2, 3}
•	totally 15 states.
In summary, a pseudo-flexible joint encoding of the PDSCH scheduling delay and HARQ-ACK delay can be described as follows:
· For the PDSCH scheduling delay = 2:
 
· y = {0, 1, 2, … 9} and z = {1, 2, 3}

Total number of states: 30 states.

· For the PDSCH scheduling delay = 7:

· When y = {2, … 11}, then z = {1}
· When y = {1}, then z = {1, 2}
· When y = {0}, then z = {1, 2, 3}

Total number of states: 15 states.

As there is one PDSCH scheduling delay expression for the delay of 2 and two PDSCH scheduling delay expressions for the delay of 7, the total number of states for the pseudo-flexible joint encoding of the PDSCH scheduling delay and HARQ-ACK delay will be 30 + 2* 15 = 60 states, which will require 6 bits.
Yet, there are 4 states unused, which may be further optimized.
The 6-bit based pseudo-flexible joint encoding of the PDSCH scheduling delay and HARQ-ACK delay will allow to handle any legacy scenario spanning from having only 1 HARQ process present until up to 10 HARQ processes present, as well as the new Rel-17 scenarios consisting of 14 HARQ processes (12 HARQ processes per scheduling cycle). The states that have been left unaddressed by the pseudo-flexible joint encoding solution correspond to corner-cases as e.g., the one depicted in a), which corresponds to the presence of 12 simultaneous HARQ processes per scheduling cycle scheduled not in the way they are meant to be used, since the intention is to use the 10 HARQ processes framework along with a PDSCH Scheduling delay of 7 as to have 12 simultaneous HARQ processes per scheduling cycle on the empty subframes as shown in b).
a)	14 HARQ processes scenario left unaddressed by the pseudo-flexible joint encoding solution
	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	
	13
	14
	15
	16
	17
	18

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

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

	PDSCH delay
	 
	 
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	
	2
	 
	 
	 
	 
	 

	ACK/NACK
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 
	 
	0
	1
	2
	 



b)	14 HARQ processes scenario addressed by the pseudo-flexible joint encoding solution
	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	
	13
	14
	15
	16
	17
	18

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

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

	PDSCH delay
	 
	 
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	
	
	
	 
	 
	 
	 7
	 7

	ACK/NACK
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	 0
	1 
	2
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