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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 #104-bis-e, the following agreements and conclusion were reached [2].
	Agreement
In Rel-17, for the 14 HARQ processes feature, PUCCH repetition is not supported with HARQ-ACK bundling.

Conclusion
In Rel-17, the 14 HARQ processes feature is not supported when the multi-TB grant feature is enabled.

R1-2103860	Feature Lead Summary [104b-e-LTE-Rel17_NB_IoT_eMTC-02]: 2nd check point	Moderator (Ericsson)

Agreement
In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be down-selected in RAN1#105-e from:
· 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).
· [bookmark: _Hlk70669851]FFS: The expression consisting of different subframe types.
· [bookmark: _Hlk70971425]FFS: Signaling Details.
· 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”.
· FFS: The percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes to be handled.
· FFS: HARQ-ACK delay values and length of the HARQ-ACK delay set.
· FFS: Signaling Details.
The following aspects will be considered towards the down-selection of one of the two alternatives (i.e., Alt-1 or Alt-2) for the HARQ-ACK delay solution:
1. [bookmark: _Hlk70669633]Total number of bits required in DCI
1. Scenarios that can be handled, including:
(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)
(b) different % of invalid subframes for both 10 and 40 SF long bitmaps
1. Robustness against loss of DCIs
1. Flexibility 
1. [bookmark: _Hlk70941830]RRC signaling overhead




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 the PDSCH scheduling delays and a view on whether or not to follow the “no postponement” rule when PUCCH uses 1 repetition.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Support of 14 HARQ processes in DL
[bookmark: _Hlk49935786]2.1	HARQ-ACK delay solution: Alt-1 and Alt-2
According with the discussions and agreements reached during RAN1 #104-bis-e [2], essentially the HARQ-ACK delay solution will be based on either:
· 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).

or

· 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”.

The agreements reached during RAN1# 104-bis-e listed five technical aspects that will be “considered towards the down-selection of one of the two alternatives (i.e., Alt-1 or Alt-2) for the HARQ-ACK delay solution” [2]. Below we elaborate one-by-one on each of the five technical aspects for both Alt-1 and Alt-2.
2.1.1	Total number of bits required in DCI
2.1.1.1	Alt-1: Total number of bits required in DCI
[bookmark: _Hlk70690612]Under the umbrella of Alt-1, two expressions consisting of different subframe types were described in [3] and [4] to determine the HARQ-ACK delay:
· Expression 1 [3]:

[bookmark: _Hlk71294797]HARQ-ACK delay: (y-z-1) BL/CE DL subframes +1 subframe + z BL/CE UL subframe, where y = 4-13, and z = 1, 2, 3.

Total number of bits required: 2-bits for “z” + 4-bits for “y” = 6-bits. 

· Expression 2 [4]:

HARQ-ACK delay: (11-i) BL/CE DL subframe + 1 subframe (any type) + (y) BL/CE UL subframes, where y = {1,2,3}, and i={0,1,2,…,11}.
Total number of bits required: 2-bits for “y” + 4-bits for “i” = 6-bits. 

Defining the HARQ-ACK delay in terms of either “Expression 1” or “Expression 2” will allow the 14 HARQ processes feature to handle any percentage of presence of invalid subframes, the downside is that to keep the flexibility that their corresponding variables provide will require using 6-bits in total, which results in too high L1 signaling overhead.
During RAN1# 104-bis-e, one of the responses in the Feature Lead Summary (FLS) in relation to the total number of bits required by Alt-1 stated that “All the UE needs to know explicitly from the DCI, is which of the next available 3 ACK to use for a given PDSCH transmission, i.e. the 1st, 2nd or 3rd (2 bits)” [5]. This means that the only signalling to be used in Expressions 1 and 2 would be utilized to control only the term “BL/CE UL subframes”, letting the other term “BL/CE DL subframes” (with actually more dynamic range) up to the UE to handle. However, this approach takes-away the control and certainty the eNodeB has in legacy about the HARQ-ACK delay since it would mean that the aspect that is controlled by the 4-bit variable (i.e., associated to the term “BL/CE DL subframes”) would be fully handled by a proprietary algorithm at the UE side which may lead to sync-issues with eNodeB.
[bookmark: _Hlk70940961]Another comment in the FLS in relation to the total number of bits required by Alt-1 stated that “For Alt 1, the value z can be fixed for a certain y, then at most 4 bits are needed in DCI” [5]. Following this approach, it seems possible to find out a simplified version of Alt-1 offering a trade-off between flexibility, total number of bits required (i.e., L1 overhead), and keeping the ability of handling any percentage of presence of invalid subframes.
Instead of signalling “y” and “z”, we can use 4-bits to directly signal a number of deterministic expressions based on Alt-1 covering the use of up to 14 HARQ processes, for example:
HARQ-ACK delay (4-bits required):
0000    11 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0001    10 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0010    9 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0011    8 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0100    7 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0101    6 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0110    5 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0111    4 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
1000    3 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1001    2 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1010    1 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1011    1 subframe + 3 BL/CE UL subframes

The 4-bit sequences above will cover the use of up to 14 HARQ processes, keeping the property of handling any percentage of invalid subframes. In the example above 12 out of 16 available bit-sequences were utilized, hence there are 4 additional combinations that can be used to add more flexibility. In section 2.2.2 which refers to the analysis on the “Scenarios that can be handled” we will illustrate the usability of this deterministic approach for Alt-1 which uses 4-bits.
[bookmark: _Toc71326365]For the Alt-1 solutions as described in [3] and [4], the “total number of bits required in DCI” is 6-bits to keep the flexibility that their corresponding variables provide, which results in too high L1 signaling overhead.
[bookmark: _Toc71326366]If instead of the 6-bits required to signal “z” and “y” in [3], or “y” and “i” in [4], we directly signal a number of deterministic expressions it will be possible to provide a trade-off between flexibility (including the single HARQ process case), signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes by using just 4-bits as the “total number of bits required in DCI”.
2.1.1.2	Alt-2: Total number of bits required in DCI
Alt-2 follows the legacy approach expressing the “HARQ-ACK delay” in terms of “absolute subframes”, in this case the percentage of invalid subframes that can be handled is limited by the delay values composing the HARQ-ACK delay set.
To put things into perspective, below we show the HARQ-ACK delays from the farthest HARQ process to PUCCH #0, PUCCH #1 and PUCCH #2 respectively, accounting for both the presence and no presence of non-BL/CE DL subframes and/or non-BL/CE UL subframes.
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







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}. If as to use 4-bits for Alt-2, the following delay values were added to the “HARQ-ACK delay” set: {13, 14, 15, 16, 17, 18, 19, 20}, then the largest delay in the set (i.e., 20) with respect to the HARQ-ACK bundle 0 would make 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. Please note from Table 1a, that a HARQ-ACK delay of 20 subframes will allow to handle a 38.89% of non-BL/CE DL subframes if there were no presence of non-BL/CE UL subframes.
With Alt-2, even if the PDSCH scheduling delay solution has already been designed to handle any percentage of presence of invalid subframes, exploiting such ability highly depends on the assumption on the percentage of presence for the “HARQ-ACK delay solution” which may become a limiting factor.
In [6], 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.”

· [bookmark: _Hlk70688408]“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: _Hlk70929467]Based on the above analysis, and in line with both 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”, in case the HARQ-ACK delay solution were determined as per Alt-2, the HARQ-ACK delay set should include long enough delay values as to guarantee that the 14 HARQ processes feature will be able to handle at least 30% to 40% presence of non-BL/CE DL subframes.
[bookmark: _Toc71326367]For Alt-2, the “total number of bits required in DCI” highly depends on the assumption on the percentage of presence for the “HARQ-ACK delay solution”.
[bookmark: _Toc71326368]In line with a future proof design, in the view of the source company and several operators [6], the HARQ-ACK delay set should include long enough delay values as to guarantee that the 14 HARQ processes feature will be able to handle at least 30% to 40% presence of non-BL/CE DL subframes.
[bookmark: _Toc71326369]It seems possible to increase the legacy “HARQ-ACK delay” field by just 1-bit as to cover at least 30% to 40% presence of non-BL/CE DL subframes. That way, Alt-2 will use 4-bits as the “total number of bits required in DCI”.
2.2.1	Scenarios that can be handled
The second technical aspect towards selecting either Alt-1 or Alt-2 refers to the:

“Scenarios that can be handled, including:
(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)
(b) different % of invalid subframes for both 10 and 40 SF long bitmaps”

In the following subsections we elaborate on the second criteria above, starting with Alt-1 followed by Alt-2.
2.2.1.1	Alt-1: Scenarios that can be handled
The HARQ-ACK delay solution as per Alt-1 can handle “(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)”, whereas with regards to “(b) different % of invalid subframes for both 10 and 40 SF long bitmaps” as it has been mentioned earlier, Alt-1 can handle any percentage of presence of invalid subframes regardless of the length of the bitmap.
The above holds true regardless of whether the HARQ-ACK delay expressed in terms of different subframe types is given by “Expression 1 as in [3]”, “Expression 2 as in [4]” or by the “4-bit Deterministic approach for Alt-1 described in section 2.1.1.1”. In Annex 1, we illustrate the fulfilment of both “(a)” and “(b)” using the “4-bit Deterministic approach for Alt-1” since among the options under the umbrella of Alt-1, this is the one offering a trade-off between flexibility, total number of bits required (i.e., L1 overhead), and keeping the ability of handling any percentage of presence of invalid subframes.
[bookmark: _Toc71326370]The dynamic handling of different number of HARQ processes as described in (a) can be fulfilled by Alt-1 regardless of whether the HARQ-ACK delay is defined according with “Expression 1 as in [3]”, “Expression 2 as in [4]” or by the “4-bit Deterministic approach for Alt-1 in section 2.1.1.1”.
[bookmark: _Toc71326371]Alt-1 can handle any percentage of presence of invalid subframes and any bitmap length as described in (b) regardless of whether the HARQ-ACK delay is defined according with “Expression 1 as in [3]”, “Expression 2 as in [4]” or by the “4-bit Deterministic approach for Alt-1 in section 2.1.1.1”.
2.2.1.2	Alt-2: Scenarios that can be handled
The HARQ-ACK delay solution as per Alt-2 will be able to handle (just as legacy does) “(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)”, however the handling of “(b) different % of invalid subframes for both 10 and 40 SF long bitmaps” depends on the largest delay available in the HARQ-ACK delay set (See Table 1 in section 2.1.1.2). On this matter, in the view of this company and several operators [6], the HARQ-ACK delay set should include long enough delays as to handle at least 30% to 40% presence of non-BL/CE DL subframes. Regarding the ability to handle “both 10 and 40 SF long bitmaps”, with Alt-2 this is highly dependent on the assumption about the percentage of presence of invalid subframes that the feature will be to handle. A 40 ms bitmap can have a large number of non-BL/CE DL subframes present in a row requiring a long delay and hence an even higher assumption about the percentage of presence of invalid subframes (beyond the 30% to 40% mentioned earlier as a minimum assumption). The maximum required delay value depends on the assumption about the number of non-BL/CE DL subframes and non-BL/CE UL subframes present, their distribution, and whether they are simultaneously present or not.
[bookmark: _Toc71326372]The dynamic handling of different number of HARQ processes as described in (a) can be fulfilled by Alt-2 in the same way it is done by legacy.
[bookmark: _Toc71326373]The percentage of presence of invalid subframes that Alt-2 can handle depends on the largest delay value in the HARQ-ACK delay set.
[bookmark: _Toc71326374]Regarding the ability to handle “both 10 and 40 SF long bitmaps”, a 40 ms bitmap can have a large number of non-BL/CE DL subframes in a row requiring a long delay, hence Alt-2 will require to assume an even higher percentage of presence of invalid subframes (i.e., beyond the minimum assumption of 30% to 40%).
2.3.1	Robustness against loss of DCIs
2.3.1.1	Alt-1: Robustness against loss of DCIs
In section 2.1.1.1, it was mentioned that for Alt-1 to keep the flexibility that was originally presented in [3] and [4], their corresponding variables will require using 6-bits in total, which results in a too high L1 signalling overhead.
As it was also mentioned in section 2.1.1.1, one of the responses in the FLS [5] in relation to the total number of bits required by Alt-1 stated that “All the UE needs to know explicitly from the DCI, is which of the next available 3 ACK to use for a given PDSCH transmission, i.e. the 1st, 2nd or 3rd (2 bits)”. It was precisely from this comment that the “Robustness against loss of DCIs” was questioned. If as per the comment in the FLS, the assumption were that all the UE needs to know is whether to utilize PUCCH#0, PUCCH#1, or PUCCH#2, then the HARQ-ACK delay described in terms of different subframe types won’t be needed at all, since anyway it will be up to the UE to guarantee (i.e., following the Alt-1 expression or not) that the transmission of the ACK/NACK will ideally occur on the PUCCH# that was assigned to it. In legacy, the eNodeB indicates the HARQ-ACK delay from which it knows the number of subframes that have to pass to a given PUCCH, so both eNodeB and UE have the same knowledge, loosing this ability may lead to sync-issues with eNodeB. It is therefore important that both eNodeB and UE have an explicit knowledge on the number of subframes that are encompassed by the HARQ-ACK delay.
Thus, to avoid issues related with the “Robustness against loss of DCIs”, it is important for Alt-1 to signal the HARQ-ACK delay expression and not only the designated PUCCH. As explained in section 2.1.1.1, to reduce the total number of bits for Alt-1 from 6-bits to 4-bits and still be able to signal not only the designated PUCCH but the complete HARQ-ACK delay expression, we can directly signal a number of deterministic expressions based on Alt-1 covering the use of up to 14 HARQ processes (See Annex 1).
[bookmark: _Toc71326375]As long as the Alt-1 solution signals the HARQ-ACK delay expression and not only the designated PUCCH, the “Robustness against loss of DCIs” can be assumed to be same as for Alt-2 if both use the same number of bits in DCI (e.g., 4-bits).
2.3.1.2	Alt-2: Robustness against loss of DCIs
For Alt-2, the “Robustness against loss of DCIs” will be as in legacy. In legacy, the eNodeB signals the HARQ-ACK delay in terms of absolute subframes to a given PUCCH, so both eNodeB and UE have the same knowledge. The thing to keep in mind is that the increase in the number of bits in DCI should be kept to the minimum as to avoid impacting the BLER performance of the MPDCCH, for example the legacy HARQ-ACK delay field can be increased by just 1-bit as to have 4-bits in total which will help out to accomplish this purpose.
[bookmark: _Toc71326376]For Alt-2, the “Robustness against loss of DCIs” will be as in legacy. On this matter, the increase in the number of bits in DCI should be kept to the minimum as to avoid impacting the BLER performance of the MPDCCH (e.g., the HARQ-ACK delay field can be increased by just one bit as to use 4-bits in total).
2.4.1	Flexibility
2.4.1.1	Alt-1: Flexibility
The two candidate Alt-1 expressions consisting of different subframe types as were described in [3] and [4] to determine the HARQ-ACK delay, have the flexibility embedded in their variables (“z” and “y” in [3], and “y” and “i” in [4] respectively) but still at least Expression 1 as in [3] does not provide full-flexibility even if 6-bits were used to dynamically indicate all variables. For example, when the HARQ-ACK delay according with [3] is expressed as follows “(y-z-1) BL/CE DL subframes +1 subframe + z BL/CE UL subframe, where y = 4-13, and z = 1, 2, 3”, to handle a single HARQ process scenario the variables will have to be set as follows “(y-z-1) = (4-3-1)= 0” and “z = 3” as to result in “0 BL/CE DL subframes +1 subframe + z BL/CE UL subframe” which means that the single HARQ process scenario would be handled accounting for 3 PUCCHs even though only 1 of them is needed. Since anyway using 6-bits for Alt-1 as per [3] is not fully-flexible, then it is better to use the “4-bit Deterministic approach for Alt-1” which as illustrated below can include in one of its reserved states a case to handle the single HARQ process scenario with 1 PUCCH (For more information please see Annex 1).
HARQ-ACK delay (4-bits required):
0000    11 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0001    10 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0010    9 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0011    8 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0100    7 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0101    6 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0110    5 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0111    4 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
1000    3 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1001    2 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1010    1 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1011    1 subframe + 3 BL/CE UL subframes
1100    1 subframe + 1 BL/CE UL subframes
1101    1 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
1110    2 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes		
1111    3 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes

[bookmark: _Hlk70940914]The Alt-1 solution based on a “4-bit Deterministic approach” will be flexible enough as to handle up to 14 HARQ processes, any presence of invalid subframes, and if there is only 1 HARQ process in use there is one bit-sequence corresponding to one HARQ-ACK delay expression that will handle it accounting only for the presence of one PUCCH. The “4-bit Deterministic approach for Alt-1” can be seen as a trade-off between flexibility, signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes.
[bookmark: _Toc71326377]The two candidate Alt-1 expressions as described in [3] and [4], have the flexibility embedded by their variables at the cost of a high L1 signaling overhead, and still e.g., Alt-1 as per [3] does not provide full-flexibility even if 6-bits were used to dynamically indicate all variables. 
[bookmark: _Toc71326378]Because of the L1 signaling overhead, and due that anyway e.g., using 6-bits for Alt-1 as per [3] is not fully-flexible, then is better to directly signal a number of deterministic expressions as in “4-bit Deterministic approach for Alt-1” which offers a trade-off between flexibility, signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes (see Annex 1).
2.4.1.2	Alt-2: Flexibility
For Alt-2, the flexibility it provides is related with the delay values in the HARQ-ACK delay set. For example, if there are discontinuous delay values in the set the reachability to a given PUCCH will be limited, but more importantly if there are not long enough delay values in the HARQ-ACK delay set the percentage of presence of invalid subframes that Alt-2 will be able to handle will be rather limited, and won’t be flexible enough to accommodate the co-existence with NR that will be a fundamental aspect by the time the 14 HARQ-ACK processes feature will be deployed.
[bookmark: _Toc71326379]The flexibility that Alt-2 provides is related with the delay values in the HARQ-ACK delay set. For example, if there are discontinuous delay values in the set the reachability to a given PUCCH will be limited, but more importantly if there are not long enough delay values in the HARQ-ACK delay set, the percentage of presence of invalid subframes that Alt-2 will be able to handle will be rather limited, and won’t be flexible enough to accommodate the co-existence with NR.
2.5.1	RRC signaling overhead
To start with, we have the following observation regarding the “RRC signaling overhead”:
[bookmark: _Toc71326380]RRC signaling is not an essential component of Alt-1 nor Alt-2, since primarily dynamic signalling is needed rather than semi-static signalling. The latter (i.e., RRC signalling) if any may be used as a second order aspect to add more options that can be changed via semi-static RRC re-configuration.
2.5.1.1	Alt-1: RRC signaling overhead
For the Alt-1 solutions as originally described in [3] and [4], the variables they use (“z” and “y” in [3], and “y” and “i” in [4] respectively) need to be dynamically signalled since the number of HARQ process in use changes on a dynamic basis via DCI. Hence, the Alt-1 solutions as originally described in [3] and [4], as well as the “4-bit Deterministic approach for Alt-1” require in principle dynamic signaling via DCI.
[bookmark: _Toc71326381]The Alt-1 solutions as originally described in [3] and [4], as well as the “4-bit Deterministic approach for Alt-1” require in principle dynamic signaling via DCI.
2.5.1.2	Alt-2: RRC signaling overhead
For Alt-2, if the legacy HARQ-ACK delay field were simply increased as to include more delay values in the HARQ-ACK delay set, then the signalling would continue to be dynamic via DCI as to be able to deal with the fact that the number of HARQ processes in use can change in a dynamic way via DCI. Thus, Alt-2 in principle requires dynamic signaling via DCI, unless other variants for Alt-2 were considered such as using two or more HARQ-ACK delay sets configured semi-statically using RRC signaling.
[bookmark: _Toc71326382]For Alt-2, if the legacy HARQ-ACK delay field were simply increased as to include more delay values in the HARQ-ACK delay set, then Alt-2 in principle requires dynamic signaling via DCI.
2.2	Summary: Technical comparison between Alt-1 and Alt-2
In section 2.1, we elaborated on the five technical aspects agreed to be “considered towards the down-selection of one of the two alternatives (i.e., Alt-1 or Alt-2) for the HARQ-ACK delay solution”. Below we provide a summary of the five technical aspects analysed for Alt-1 and Alt-2.
Table 2: Summary: Technical comparison between Alt-1 and Alt-2.
	
	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).
	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”.

	1) Total number of bits required in DCI

	For the Alt-1 solutions as described in [3] and [4], the “total number of bits required in DCI” is 6-bits to keep the flexibility that their corresponding variables provide, which results in too high L1 signaling overhead.
If instead of the 6-bits required to signal “z” and “y” in [3], or “y” and “i” in [4], we directly signal a number of deterministic expressions it will be possible to provide a trade-off between flexibility (including the single HARQ process case), signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes by using just 4-bits as the “total number of bits required in DCI”.
	For Alt-2, the “total number of bits required in DCI” highly depends on the assumption on the percentage of presence for the “HARQ-ACK delay solution”.
In line with a future proof design, in the view of the source company and several operators [6], the HARQ-ACK delay set should include long enough delay values as to guarantee that the 14 HARQ processes feature will be able to handle at least 30% to 40% presence of non-BL/CE DL subframes.
It seems possible to increase the legacy “HARQ-ACK delay” field by just 1-bit as to cover at least 30% to 40% presence of non-BL/CE DL subframes. That way, Alt-2 will use 4-bits as the “total number of bits required in DCI”.

	2) Scenarios that can be handled, including:

	(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)

The above can be fulfilled by Alt-1 regardless of whether the HARQ-ACK delay is defined according with “Expression 1 as in [3]”, “Expression 2 as in [4]” or by the “4-bit Deterministic approach for Alt-1 in section 2.1.1.1”

(b) different % of invalid subframes for both 10 and 40 SF long bitmaps

Alt-1 can handle any percentage of presence of invalid subframes regardless of whether the HARQ-ACK delay is defined according with “Expression 1 as in [3]”, “Expression 2 as in [4]” or by the “4-bit Deterministic approach for Alt-1 in section 2.1.1.1”

	(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)

The above can be fulfilled by Alt-2 in the same way it is done by legacy.

(b) different % of invalid subframes for both 10 and 40 SF long bitmaps

The percentage of presence that Alt-2 can handle depends on the largest delay value in the HARQ-ACK delay set.
Regarding the ability to handle “both 10 and 40 SF long bitmaps”, a 40 ms bitmap can have a large number of non-BL/CE DL subframes in a row requiring a long delay, hence Alt-2 will require to assume an even higher percentage of presence of invalid subframes (i.e., beyond the minimum assumption of 30% to 40%).

	3) Robustness against loss of DCIs
	As long as the Alt-1 solution signals the HARQ-ACK delay expression and not only the designated PUCCH the “Robustness against loss of DCIs” can be assumed to be same as for Alt-2 if both use the same number of bits in DCI (e.g., 4-bits).
	[bookmark: _Hlk70975963]For Alt-2, the “Robustness against loss of DCIs” will be as in legacy. On this matter, the increase in the number of bits in DCI should be kept to the minimum as to avoid impacting the BLER performance of the MPDCCH (e.g., the HARQ-ACK delay field can be increased by just one bit as to use 4-bits in total).

	4) Flexibility 
	[bookmark: _Hlk70976072]The two candidate Alt-1 expressions as described in [3] and [4], have the flexibility embedded by their variables (“z” and “y” in [3], and “y” and “i” in [4] respectively) at the cost of a high L1 signaling overhead, and still e.g., Alt-1 as per [3] does not provide full-flexibility even if 6-bits were used to dynamically indicate all variables (See section 2.4.1). Because of the L1 signaling overhead, and due that anyway e.g., using 6-bits for Alt-1 as per [3] is not fully-flexible, then it is better to directly signal a number of deterministic expressions as in the “4-bit Deterministic approach for Alt-1” which offers a trade-off between flexibility, signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes (see Annex 1).
	For Alt-2, the flexibility it provides is related with the delay values in the HARQ-ACK delay set. For example, if there are discontinuous delay values in the set the reachability to a given PUCCH will be limited, but more importantly if there are not long enough delay values in the HARQ-ACK delay set the percentage of presence of invalid subframes that Alt-2 will be able to handle will be rather limited, and won’t be flexible enough to accommodate the co-existence with NR.

	5) RRC signaling overhead
	For the Alt-1 solutions as originally described in [3] and [4], the variables they utilize need to be dynamically signalled since the number of HARQ process in use changes on a dynamic basis via DCI. 
Hence, the Alt-1 solutions as originally described in [3] and [4], as well as the “4-bit Deterministic approach for Alt-1” require in principle dynamic signaling via DCI.
	For Alt-2, if the legacy HARQ-ACK delay field were simply increased as to include more delay values in the HARQ-ACK delay set, then the signalling would continue to be dynamic via DCI as to be able to deal with the fact that the number of HARQ processes in use can change in a dynamic way via DCI. 
Thus, Alt-2 in principle requires dynamic signaling via DCI.

	6) 
	RRC signaling is not an essential component of Alt-1 nor Alt-2, since primarily dynamic signalling is needed rather than semi-static signalling. The latter (i.e., RRC signalling) if any may be used as a second order aspect to add more options that can be changed via semi-static RRC re-configuration.



Based on the technical analysis performed from section 2.1.1 to 2.5.1, no impediment or showstopper was found for neither Alt-1 or Alt-2 when the five technical aspects agreed to be “considered towards the down-selection of one of the two alternatives (i.e., Alt-1 or Alt-2) for the HARQ-ACK delay solution” were subject to a deep analysis.
In our view, and in the view of several operators [6], the most important thing is to ensure a HARQ-ACK delay future-proof solution that will be able to handle realistic scenarios including accounting to accommodate the co-existence with NR. Hence, we have the following proposals:
[bookmark: _Toc71326388]The HARQ-ACK delay should be a future-proof solution able to handle realistic scenarios accounting for at least 30% to 40% presence of non-BL/CE subframes as to accommodate the co-existence with NR.
[bookmark: _Toc71326389]In line with proposal 1, if the HARQ-ACK delay solution were to be based on Alt-1, then a 4-bit deterministic approach should be used to provide a trade-off between flexibility, signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes.
[bookmark: _Toc71326390]HARQ-ACK delay (4-bits):
[bookmark: _Toc71326391]0000    11 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
[bookmark: _Toc71326392]0001    10 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
[bookmark: _Toc71326393]0010    9 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
[bookmark: _Toc71326394]0011    8 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
[bookmark: _Toc71326395]0100    7 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
[bookmark: _Toc71326396]0101    6 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
[bookmark: _Toc71326397]0110    5 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
[bookmark: _Toc71326398]0111    4 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
[bookmark: _Toc71326399]1000    3 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
[bookmark: _Toc71326400]1001    2 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
[bookmark: _Toc71326401]1010    1 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
[bookmark: _Toc71326402]1011    1 subframe + 3 BL/CE UL subframes
[bookmark: _Toc71326403]1100    1 subframe + 1 BL/CE UL subframes
[bookmark: _Toc71326404]1101    1 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
[bookmark: _Toc71326405]1110    2 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
[bookmark: _Toc71326406]1111    3 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
[bookmark: _Toc71326407]FFS: Signaling Details (i.e., DCI design)

[bookmark: _Toc71326408]In line with proposal 1, if the HARQ-ACK delay solution were to be based on Alt-2, then the “HARQ-ACK delay” field should use 4-bits in total as to include the legacy HARQ-ACK delays when “ce-HARQ-AckBundling” is set, plus eight new delay values including at least a delay value equal 20:
[bookmark: _Toc71326409]HARQ-ACK delay set (4-bits):
[bookmark: _Toc71326410]{4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20}
[bookmark: _Toc71326411]FFS: Signaling Details (i.e., DCI design).
[bookmark: _Toc71326412]FFS: If a 5-bits “HARQ-ACK delay set” is to be added to handle 40ms bitmaps.
2.3	Postponement or No Postponement when PUCCH with R=1
In RAN1# 104-bis-e [2], it was discussed whether the legacy behavior of PUCCH (when Repetition = 1) of no postponing the UL transmission in presence of a non-BL/CE UL subframes will be or not followed. The decision was left open since depending on whether the HARQ-ACK delay solution will follow Alt-1 or Alt-2, the following the legacy behavior of PUCCH (when Repetition = 1) may end up being irrelevant, that is:
If the HARQ-ACK delay solution is decided to follow Alt-1, the following the legacy behavior of PUCCH (when Repetition = 1) is meaningless since Alt-1 overrides it.
If the HARQ-ACK delay solution is decided to follow Alt-2, the legacy behavior of PUCCH (when Repetition = 1) will be overridden when more than 10 HARQ processes will be used, whereas the legacy behavior of PUCCH (when Repetition = 1) could be followed when 10 or less HARQ processes will be used. This will lead to some sort of postponement/no-postponement changing dynamically via DCI depending on the number of HARQ processes in use which in our view complicates the implementation of the feature.
Hence, given that the legacy behavior of PUCCH (when Repetition = 1) will be either fully or at least partially overridden,  to avoid mixed behaviors in case Alt-2 we propose do not follow the legacy behavior of PUCCH (when Repetition = 1) and instead postponing the transmission of PUCCH in presence of a non-BL/CE UL subframe.
[bookmark: _Toc71326383]If the HARQ-ACK delay solution follows Alt-1 the legacy behavior of PUCCH (when Repetition = 1) will be fully overridden, whereas if the HARQ-ACK delay solution follows Alt-2 the legacy behavior of PUCCH (when Repetition = 1) will be partially overridden letting just the legacy behavior possibly usable when 10 or less HARQ processes will be in use.
[bookmark: _Toc71326384]Given that the legacy behavior of PUCCH (when Repetition = 1) will be either fully (Alt-1) or at least partially (Alt-2) overridden, it is preferred to avoid mixed behaviors in case Alt-2 were selected.
[bookmark: _Toc71326413]In Rel-17, for the 14 HARQ processes feature:
[bookmark: _Toc71326414]•	PUCCH using Repetition = 1 is postponed.
2.4	DCI design for the PDSCH scheduling delay
[bookmark: _Hlk70972655]The PDSCH scheduling delay solution agreed in RAN1 #104-e [7], 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

There have been proposals of using 1-bit to indicate either a delay of 2 BL/CE DL subframes or a delay of “7” letting up to the UE to determine whether the first or second variant of the delay of 7 applies. In our view, that approach is an attempt to mimic what was initially pursued by some companies of indicating either a delay of 2 or a delay of 7, however such approach is not consistent with the agreement reached in RAN1 #104-e since 3 cases have been explicitly agreed. It is important for the eNodeB to have certainty about the delay being used, so both eNodeB and UE have clear and same knowledge about the exact delay to be applied among the three possible choices.

[bookmark: _Toc71326385]In RAN1# 104-e, three cases corresponding to three different expressions were agreed determine the PDSCH scheduling delay.
[bookmark: _Toc71326386]There have been proposals of using 1-bit to indicate either a delay of 2 BL/CE DL subframes or a delay of “7” letting up to the UE to determine whether the first or second variant of the delay of 7 applies. However, that approach mimics the initial intention of some companies of indicating either a delay of 2 or a delay of 7, which is not consistent with the agreement reached in RAN1 #104-e where 3 cases were agreed.
[bookmark: _Toc71326387]It is important for the eNodeB to have certainty about the delay being used, so both eNodeB and UE have clear and same knowledge about the exact delay to be applied among the three possible choices.
[bookmark: _Toc71326415]The PDSCH scheduling delay solution agreed in RAN1 #104-e is implemented using 2-bits in DCI Format 6-1A:
[bookmark: _Toc71326416]PDSCH scheduling delay:
[bookmark: _Toc71326417]00: 2 BL/CE DL subframes
[bookmark: _Toc71326418]01: 1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe.
[bookmark: _Toc71326419]10: 1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes.
[bookmark: _Toc71326420]11: Not used/Reserved
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 Alt-1 solutions as described in [3] and [4], the “total number of bits required in DCI” is 6-bits to keep the flexibility that their corresponding variables provide, which results in too high L1 signaling overhead.
Observation 2	If instead of the 6-bits required to signal “z” and “y” in [3], or “y” and “i” in [4], we directly signal a number of deterministic expressions it will be possible to provide a trade-off between flexibility (including the single HARQ process case), signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes by using just 4-bits as the “total number of bits required in DCI”.
Observation 3	For Alt-2, the “total number of bits required in DCI” highly depends on the assumption on the percentage of presence for the “HARQ-ACK delay solution”.
Observation 4	In line with a future proof design, in the view of the source company and several operators [6], the HARQ-ACK delay set should include long enough delay values as to guarantee that the 14 HARQ processes feature will be able to handle at least 30% to 40% presence of non-BL/CE DL subframes.
Observation 5	It seems possible to increase the legacy “HARQ-ACK delay” field by just 1-bit as to cover at least 30% to 40% presence of non-BL/CE DL subframes. That way, Alt-2 will use 4-bits as the “total number of bits required in DCI”.
Observation 6	The dynamic handling of different number of HARQ processes as described in (a) can be fulfilled by Alt-1 regardless of whether the HARQ-ACK delay is defined according with “Expression 1 as in [3]”, “Expression 2 as in [4]” or by the “4-bit Deterministic approach for Alt-1 in section 2.1.1.1”.
Observation 7	Alt-1 can handle any percentage of presence of invalid subframes and any bitmap length as described in (b) regardless of whether the HARQ-ACK delay is defined according with “Expression 1 as in [3]”, “Expression 2 as in [4]” or by the “4-bit Deterministic approach for Alt-1 in section 2.1.1.1”.
Observation 8	The dynamic handling of different number of HARQ processes as described in (a) can be fulfilled by Alt-2 in the same way it is done by legacy.
Observation 9	The percentage of presence of invalid subframes that Alt-2 can handle depends on the largest delay value in the HARQ-ACK delay set.
Observation 10	Regarding the ability to handle “both 10 and 40 SF long bitmaps”, a 40 ms bitmap can have a large number of non-BL/CE DL subframes in a row requiring a long delay, hence Alt-2 will require to assume an even higher percentage of presence of invalid subframes (i.e., beyond the minimum assumption of 30% to 40%).
Observation 11	As long as the Alt-1 solution signals the HARQ-ACK delay expression and not only the designated PUCCH, the “Robustness against loss of DCIs” can be assumed to be same as for Alt-2 if both use the same number of bits in DCI (e.g., 4-bits).
Observation 12	For Alt-2, the “Robustness against loss of DCIs” will be as in legacy. On this matter, the increase in the number of bits in DCI should be kept to the minimum as to avoid impacting the BLER performance of the MPDCCH (e.g., the HARQ-ACK delay field can be increased by just one bit as to use 4-bits in total).
Observation 13	The two candidate Alt-1 expressions as described in [3] and [4], have the flexibility embedded by their variables at the cost of a high L1 signaling overhead, and still e.g., Alt-1 as per [3] does not provide full-flexibility even if 6-bits were used to dynamically indicate all variables.
Observation 14	Because of the L1 signaling overhead, and due that anyway e.g., using 6-bits for Alt-1 as per [3] is not fully-flexible, then is better to directly signal a number of deterministic expressions as in “4-bit Deterministic approach for Alt-1” which offers a trade-off between flexibility, signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes (see Annex 1).
Observation 15	The flexibility that Alt-2 provides is related with the delay values in the HARQ-ACK delay set. For example, if there are discontinuous delay values in the set the reachability to a given PUCCH will be limited, but more importantly if there are not long enough delay values in the HARQ-ACK delay set, the percentage of presence of invalid subframes that Alt-2 will be able to handle will be rather limited, and won’t be flexible enough to accommodate the co-existence with NR.
Observation 16	RRC signaling is not an essential component of Alt-1 nor Alt-2, since primarily dynamic signalling is needed rather than semi-static signalling. The latter (i.e., RRC signalling) if any may be used as a second order aspect to add more options that can be changed via semi-static RRC re-configuration.
Observation 17	The Alt-1 solutions as originally described in [3] and [4], as well as the “4-bit Deterministic approach for Alt-1” require in principle dynamic signaling via DCI.
Observation 18	For Alt-2, if the legacy HARQ-ACK delay field were simply increased as to include more delay values in the HARQ-ACK delay set, then Alt-2 in principle requires dynamic signaling via DCI.
Observation 19	If the HARQ-ACK delay solution follows Alt-1 the legacy behavior of PUCCH (when Repetition = 1) will be fully overridden, whereas if the HARQ-ACK delay solution follows Alt-2 the legacy behavior of PUCCH (when Repetition = 1) will be partially overridden letting just the legacy behavior possibly usable when 10 or less HARQ processes will be in use.
Observation 20	Given that the legacy behavior of PUCCH (when Repetition = 1) will be either fully (Alt-1) or at least partially (Alt-2) overridden, it is preferred to avoid mixed behaviors in case Alt-2 were selected.
Observation 21	In RAN1# 104-e, three cases corresponding to three different expressions were agreed determine the PDSCH scheduling delay.
Observation 22	There have been proposals of using 1-bit to indicate either a delay of 2 BL/CE DL subframes or a delay of “7” letting up to the UE to determine whether the first or second variant of the delay of 7 applies. However, that approach mimics the initial intention of some companies of indicating either a delay of 2 or a delay of 7, which is not consistent with the agreement reached in RAN1 #104-e where 3 cases were agreed.
Observation 23	It is important for the eNodeB to have certainty about the delay being used, so both eNodeB and UE have clear and same knowledge about the exact delay to be applied among the three possible choices.

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

Proposal 1	The HARQ-ACK delay should be a future-proof solution able to handle realistic scenarios accounting for at least 30% to 40% presence of non-BL/CE subframes as to accommodate the co-existence with NR.
Proposal 2	In line with proposal 1, if the HARQ-ACK delay solution were to be based on Alt-1, then a 4-bit deterministic approach should be used to provide a trade-off between flexibility, signalling overhead (total number of bits), and keeping the ability of handling any percentage of presence of invalid subframes.
HARQ-ACK delay (4-bits):
0000    11 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0001    10 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0010    9 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0011    8 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0100    7 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0101    6 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0110    5 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0111    4 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
1000    3 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1001    2 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1010    1 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1011    1 subframe + 3 BL/CE UL subframes
1100    1 subframe + 1 BL/CE UL subframes
1101    1 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
1110    2 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
1111    3 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
FFS: Signaling Details (i.e., DCI design)
Proposal 3	In line with proposal 1, if the HARQ-ACK delay solution were to be based on Alt-2, then the “HARQ-ACK delay” field should use 4-bits in total as to include the legacy HARQ-ACK delays when “ce-HARQ-AckBundling” is set, plus eight new delay values including at least a delay value equal 20:
HARQ-ACK delay set (4-bits):
{4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20}
FFS: Signaling Details (i.e., DCI design).
FFS: If a 5-bits “HARQ-ACK delay set” is to be added to handle 40ms bitmaps.
Proposal 4	In Rel-17, for the 14 HARQ processes feature:
•	PUCCH using Repetition = 1 is postponed.
Proposal 5	The PDSCH scheduling delay solution agreed in RAN1 #104-e is implemented using 2-bits in DCI Format 6-1A:
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
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4	Annex 1: Proof of scenarios handling for Alt-1
In section 2.2.1.1 it was discussed the fulfilment of Alt-1 regarding “(a) different numbers of scheduled HARQ processes per burst (including dynamically switching between more than 10 HARQ processes and 10 or less HARQ processes)”, and “(b) different % of invalid subframes for both 10 and 40 SF long bitmaps”.
Here we illustrate the fulfilment of both “(a)” and “(b)” using the “4-bit Deterministic approach for Alt-1” since among the options under the umbrella of Alt-1, this is the one offering a trade-off between flexibility, total number of bits, and keeping the ability of handling any percentage of presence of invalid subframes.
[bookmark: _Hlk70968555]The HARQ-ACK delay is determined through an expression consisting of different subframe types indicated by 4-bits via DCI as follows:
HARQ-ACK delay (4-bits required):
0000    11 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0001    10 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0010    9 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0011    8 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe
0100    7 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0101    6 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0110    5 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
0111    4 BL/CE DL subframes + 1 subframe + 2 BL/CE UL subframe
1000    3 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1001    2 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1010    1 BL/CE DL subframes + 1 subframe + 3 BL/CE UL subframe
1011    1 subframe + 3 BL/CE UL subframes

· Use of 14 HARQ processes in presence of invalid subframes

Below we assume a bitmap given by fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 1 1 1 0 0 1. 
	Non-BL/CE DL subframes are illustrated using “0”.
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1: (2, 3, 4, 5)
2: (6, 7, 8, 9)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0



	1



	2




	HARQ-ACK delay to PUCCH#0
	0000
	0001
	0010
	0011
	-
	-
	-
	
	
	-
	-
	-
	-
	-
	
	
	
	

	HARQ-ACK delay to PUCCH#1
	-
	-
	-
	-
	0100
	0101
	0110
	
	
	0111
	-
	-
	-
	-
	
	
	
	

	HARQ-ACK delay to PUCCH#2
	-
	-
	-
	-
	-
	-
	-
	
	
	-
	1000
	1001
	1010
	1011
	
	
	
	



Let’s focus on the PDSCH associated with HARQ process#12 in subframe #0, for which the eNodeB signals the HARQ-ACK delay via DCI as the bit sequence 0000 corresponding to “11 BL/CE DL subframes + 1 subframe + 1 BL/CE UL subframe”. This expression will take us to subframe# 15. The counting starts in subframe #1 which counts as the “1st BL/CE DL subframe out of 11 BL/CE DL subframes”, the counting of BL/CE DL subframes continues till subframe #6 which is the “6th BL/CE DL subframe out of 11 BL/CE DL subframes”, then subframe #7 is not counted since it is a non-BL/CE DL subframe, subframe #8 is not counted either since it is also a non-BL/CE DL subframe, then subframe #9 counts as the “7th BL/CE DL subframe out of 11 BL/CE DL subframes”, the counting of BL/CE DL subframes continues till subframe #13 which is the “11th BL/CE DL subframe out of 11 BL/CE DL subframes”. Afterwards, we count subframe #14 as the 1 out of “1 subframe” in the expression (i.e., absolute subframe used for the DL-to-UL switching), finally since there are no invalid UL subframes subframe #15 is counted as the 1 out of 1 BL/CE UL subframe. This way of counting will allow us to achieve a peak data rate of 631.5 kbps.

· Use of 10 HARQ processes in presence of invalid subframes

Below we also assume a bitmap given by fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 1 1 1 0 0 1, but in this case, there are 10 HARQ processes in use. 
	Non-BL/CE DL subframes are illustrated using “0”.
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0

	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	
	
	7
	8
	9
	
	
	
	
	
	

	PDSCH
	
	
	0
	1
	2
	3
	4
	
	
	5
	6
	7
	8
	9
	
	
	
	

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



	1



	2




	HARQ-ACK delay to PUCCH#0
	
	
	0010
	0011
	-
	-
	-
	
	
	-
	-
	-
	-
	-
	
	
	
	

	HARQ-ACK delay to PUCCH#1
	
	
	-
	-
	0100
	0101
	0110
	
	
	0111
	-
	-
	-
	-
	
	
	
	

	HARQ-ACK delay to PUCCH#2
	
	
	-
	-
	-
	-
	-
	
	
	-
	1000
	1001
	1010
	1011
	
	
	
	



This way of counting will allow us to achieve a peak data rate of 526.3 kbps for 10 HARQ processes.

· Use of 1 HARQ process in presence of invalid subframes

Below we also assume a bitmap given by fdd-DownlinkOrTddSubframeBitmapBR-r13 = 1 1 1 1 1 1 1 0 0 1, but in this case, there is 1 HARQ process in use. The bit sequence “1011” corresponding to “1 subframe + 3 BL/CE UL subframes” will be able to handle the single HARQ process case assuming 3 BL/CE UL subframes would be used even though only 1 BL/CE UL subframe is required. On this matter, the 4 unused bit sequences (recall only 12 out of 16 have been used) can be utilized to add more flexibility as to handle in a more optimal way the cases where few HARQ processes are in use.
For example, the following bit sequence can be added to handle the case where few HARQ processes are in use:
1100    1 subframe + 1 BL/CE UL subframes
1101    1 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes
1110    2 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes		
1111    3 BL/CE DL subframe + 1 subframe + 1 BL/CE UL subframes

In the case of 1 HARQ process, the new added bit sequence 1100 would be the signalled via DCI as to result in the following scheduling. 

	Non-BL/CE DL subframes are illustrated using “0”.
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0

	subframe No
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	MPDCCH
	0
	
	
	
	
	
	0
	
	
	
	
	
	
	
	0
	
	
	

	PDSCH
	
	
	0
	
	
	
	
	
	
	
	0
	
	
	
	
	
	0
	

	ACK/NACK (Bundling)
0: (0)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	HARQ-ACK delay to PUCCH#0
	
	
	1100
	
	0
	
	
	
	
	
	1100
	
	0
	
	
	
	1100
	



This way of counting will allow us to achieve a peak data rate of 166.6 kbps for 1 HARQ process.
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