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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]



This feature lead summary (FLS) collects companies’ views as described in [2-7], classifies technical areas according with the contents in the contributions, and provides potential agreements.
Annex 1 contains the agreements reached in RAN1 #102-e [8], RAN1 #103-e [9], and RAN1 #104-e [10].
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	FLS on 14 HARQ processes in DL in LTE-MTC
2.1	PUCCH repetition case
Background: In relation to the support of the PUCCH repetition case, companies made the following observations and proposals as described in [2-7]:
	Company
	PUCCH repetition case according with [2-7].

	Huawei, HiSilicon [2]
	Proposal 3: The 14 HARQ processes feature is not supported in PUCCH repetition case.

	Nokia, Nokia Shanghai Bell [3]
	N/A 

	ZTE [4]
	Proposal 4: For 14-HARQ processes, there is no need to consider the case of PUCCH repetition. 

	Sierra Wireless [5]
	Proposal 1: The 14 HARQ processes feature shall NOT be supported when PUCCH or PDSCH repeats are used.

	Qualcomm Incorporated [6]
	Proposal 1: Do not specify any optimization for supporting 14 HARQ processes with PUCCH repetitions or measurement gaps.

	Ericsson [7]
	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.



Comment from the Feature Lead: According with the submitted contributions some companies seem to be under the impression that PUCCH repetitions are not supported with HARQ-ACK bundling. However, an agreement from RAN1# 88 shows that PUCCH repetitions are supported with HARQ-ACK bundling (i.e., PUCCH repetitions were not precluded).
	RAN1#88 agreement:
· PUCCH repetition is supported with HARQ-ACK bundling (i.e. legacy behavior).




[bookmark: _Hlk62057260]Potential Agreement 1:
In Rel-17, for the 14 HARQ processes feature:
· Opt-1: PUCCH repetition is supported with HARQ-ACK bundling (i.e. legacy behavior)
· Opt-2: PUCCH repetition is not supported with HARQ-ACK bundling.

	Company
	Opt-1/Opt-2?
	Comments

	Lenovo, MotoM
	Opt-2
	If 14 HARQ process is configured, UE will assume the channel condition is good enough, so we don’t think there is need to support PUCCH repetition.

	Nokia, NSB
	Opt-2
	

	ZTE, Sanechips
	Opt-2
	

	Ericsson
	Opt-1
	As we mentioned in our contribution, 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).

•	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 Rel-17, we propose to adopt the approach used in Rel-14 and do not not preclude the support of PUCCH repetitions for the scenarios that to some extent could be covered with the resulting Rel-17 framework for the support of 14 HARQ processes.

	Qualcomm
	
	We think a possible compromise would be to support PUCCH repetition, but do not make any specific optimization in terms of scheduling delays / etc.

	Huawei, HiSilicon
	Opt-2
	Share the similar view with Lenovo.



2.2	HARQ-ACK delay
Background: In relation to the PDSCH scheduling delay solutions, in RAN1 #103-e the following agreement was reached [9]:
	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.




In line with the previously cited agreement, companies made the following proposals as described in [2-7]:
	Company
	HARQ-ACK delay according with [2-7].

	Huawei, HiSilicon [2]
	Proposal 1: Down-select from option 1 and option 2 for HARQ-ACK delays.
· Option 1: Configurable HARQ-ACK delays is supported. Ranges and numbers FFS.
· Option 2: The HARQ-ACK delay y ranges from 4 to 13 and include the following subframe type：
· (y-z-1) BL/CE DL subframes +1 subframe + z BL/CE UL subframe, where y = 4-13, and z = 1, 2, 3.


	Nokia, Nokia Shanghai Bell [3]
	Proposal 1:    The HARQ-ACK PUCCH used to forward the ACKNOWLEDGEMENT for a given HARQ process, for the PUCCH non-repetition case (i.e., PUCCH repetitions = 1), is determined by the UE using implicit knowledge of where the PUCCHes should appear and 2 bit DCI indication, y.
If y=0, 
	(11-i) BL/CE DL subframe + 1 subframe (any type) + (y+1) BL/CE UL subframes.
If y>0,
	(11-i) BL/CE DL subframe + 1 subframe (any type) + (y) BL/CE UL subframes.
Where:
 i = {0,1,2,…,11} number of HARQ processes transmitted this cycle since the last set of 3 ACKs were sent 
y = {0,1,2,3}   where 0 and 1, indicate that 1st available PUCCH is to be used,  2 indicates the 2nd available PUCCH, and 3 indicates the 3rd available PUCCH
Note, “0” also indicates to the UE, that it’s counting of the internal variable “i” should start (i.e. 0)


	ZTE [4]
	Proposal 3: The PDSCH scheduling delay and HARQ-ACK feedback delay can be jointly indicated by repetition number field and HARQ-ACK delay field.
“the corresponding HARQ-ACK delay value range is 4~17 for PDSCH scheduling delay of 2. For PDSCH scheduling delay of 7, the corresponding HARQ-ACK delay value range is 12~19”

	Sierra Wireless [5]
	Proposal 2: The DCI HARQ-ACK field size can be RRC configured between [3 and 4] bits.
Proposal 3: The Ack delay values for the HARQ-ACK field can be RRC configured.
•	FFS: number of ranges and values in each range


	Qualcomm Incorporated [6]
	Proposal 3: For the range of HARQ-ACK delays, RAN1 to downselect among the following:
· Option 1: Use “range 1”.
· Option 2: Use a new range of scheduling delays.


	Ericsson [7]
	[bookmark: _Toc68187714]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:
· [bookmark: _Toc68187715]HARQ-ACK delay set:
[bookmark: _Toc68187716]{4, 5, 6, 7, 8, 9, 10, 11, [13], [14], [15], [16], [17], [18], [19], [20]}




Comment from the Feature Lead: There are several proposed solutions for the HARQ-ACK delay, therefore as an initial step below there is an attempt to group solutions of a similar nature:
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).
	Solutions according with Alt-1 can be found in:
· [2] Proposal 1, Option 2.
· [3] Proposal 1.

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” and the DCI field is used with [3bits or 4bits].
Solutions according with Alt-3 can be found in:
· [2] Proposal 1, Option 1.
· [6] Proposal 3.
· [7] Proposal 1.

Alt-3: The HARQ-ACK delay and the PDSCH scheduling delay are jointly indicated.
· [4] Proposal 3.

Alt-4: The HARQ-ACK delay is determined using the “HARQ-ACK delay” field using [3bits or 4bits], where the HARQ-ACK delay values change via RRC signaling depending on the presence or no presence of invalid subframes
· [5] Proposal 2/3

Recommendation 1:
Perform an initial down-selection as to keep two possible alternatives, which will allow to perform a more detailed one-on-one comparison among the down-selected candidates:
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).
	Solutions according with Alt-1 can be found in:
· [2] Proposal 1, Option 2.
· [3] Proposal 1.

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” and the DCI field is used with [3bits or 4bits].
Solutions according with Alt-2 can be found in:
· [2] Proposal 1, Option 1.
· [6] Proposal 3.
· [7] Proposal 1.

Alt-3: The HARQ-ACK delay and the PDSCH scheduling delay are jointly indicated.
· [4] Proposal 3.

Alt-4: The HARQ-ACK delay is determined using the “HARQ-ACK delay” field using [3bits or 4bits], where the HARQ-ACK delay values change via RRC signaling depending on the presence or no presence of invalid subframes
· [5] Proposal 2/3

	Company
	Alt1/Alt2/Alt3/Alt4?
	Comments 

	Lenovo, MotoM
	Alt 2
	We prefer to reuse the legacy timing determination method, that is, count HARQ-ACK delay by absolute subframe. 
If we consider to use 3bit to indicate the potenial new HARQ-ACK delay, we can use differnt HARQ-ACK delay set for different PDSCH scheduling delay (e.g., 2 or 7), since if the PDSCH scheduling delay is 7, it seems the HARQ-ACK delay of 4,5 6... are not useful at all

	Nokia, NSB
	Alt 1

(Alt 3)
	For the PDSCH delay definition, the group invested a lot of time and effort into considering the importance of the sequence of subframe that define the new delay of “7”, so as to maximise data rates in the presence of invalid subframes.  It therefore follows to us, that we should do the same for the HARQ-ACK delay.

From our attempts to optimise delays for different invalid bitmaps, especially the 40 SF long bitmap.  It become apparent that the range of delays needed could be longer than one might expect, given that the 14-HARQ cycle pattern (17/34 SFs in perfect conditions) is not a neat multiple of the 40 SF long bitmap.   So we are concerned that 3 or 4 bits will not be enough, even if they are RRC configured.

We have placed Alt-3 in brackets, because we see this as a choice we can make later, and as indicated in our previous contributions, it could include joint encoding of other DCI fields. 

	ZTE, Sanechips
	Alt 3
	According to the folwoing agreement in RAN1 #103-e:
· 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.

Alt 1 and 2 are related to whether indicate HARQ-ACK delay in absolute subframes. Alt 3 and 4 are related to the indication of HARQ-ACK delay. 
We should determine the value set of HARQ-ACK delays for different PDSCH scheduling delays first, then discuss how to signal it in DCI.

	Ericsson 
	Alt-1 & Alt-2
	Alt-1: If we understood correctly, the proposals under Alt-1 are able to handle any percentage of presence of non-BL/CE DL and non-BL/CE UL subframes, which make the proposals interesting and similar to what was agreed for the PDSCH scheduling delay. 
Alt-2: The proposals under Alt-2 follow the legacy approach, which make them a natural candidate to be further studied.
Based on the above, we propose to keep both Alt-1 and Alt-2 as to perform a closer comparisson between those alternatives.

	Qualcomm
	Alt-2 or Alt-3
	We prefer to follow the legacy approach and have the HARQ-ACK delay in terms of absolute subframes.
In this meeting there were some proposals to have the PDSCH scheduling delay among 3 different values, so jointly encoding would allow to have some additional values for HARQ-ACK delay (isntead of wasting half a bit in reserving one state for PDSCH delay).

	Huawei, HiSilicon
	Alt 1
	After analysis, it seems the ranges and numbers for the HARQ-ACK delay values are very different for different kind of reservation bitmaps, for other alternatives (Alt 2/3/4). As long as the PDSCH scheduling delay has been agreed to use the different subframe types, the HARQ-ACK delay can also follow the same principle.
The indication of HARQ-ACK delay and scheduling delay in Alt 3/4 can be further discussed after the decision of HARQ-ACK delay. We can focus on the discussion HARQ-ACK delay for this proposal.



2.3	Multi-TB grant
Background: In [5], it has been proposed that “The 14 HARQ processes feature shall be supported when the multi-TB grant feature is enabled”.
In [2-7], companies made the following observations and proposals in relation the support of the Multi-TB grant case:
	Company
	Views on Multi-TB grant according with [2-7].

	Huawei, HiSilicon [2]
	
N/A

	Nokia, Nokia Shanghai Bell [3]
	N/A

	ZTE [4]
	N/A

	Sierra Wireless [5]
	Proposal 4: The 14 HARQ processes feature shall be supported when the multi-TB grant feature is enabled.


	Qualcomm Incorporated [6]
	N/A

	Ericsson [7]
	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”.




Comment from the Feature Lead: From the beginning of the release the majority of companies have not expressed their views on adding support for Multi-TB grant.
Conclusion: In Rel-17, the 14 HARQ processes feature is not supported when the multi-TB grant feature is enabled.
	Company
	OK?
	Comments

	Lenovo, MotoM
	OK
	

	Nokia, NSB
	OK
	

	ZTE, Sanechips
	OK
	

	Ericsson
	OK
	

	Qualcomm
	OK
	

	Huawei, HiSilicon
	OK
	


 
2.4	Other topics
2.4.1	DCI design
Background: In [2-7], it is possible to find several proposals about how many bits to use for both the PDSCH scheduling delay and HARQ-ACK delay, which DCI fields can be possibly re-purposed, etc. Nonetheless, it is recommended to wait until RAN1 has reached an agreement on the solution for the HARQ-ACK delay.
	Company
	OK?
	Comments

	Lenovo, MotoM
	OK
	After the agreement of the HARQ-ACK delay, we can design the DCI then.

	Nokia, NSB
	OK
	

	ZTE, Sanechips
	OK
	

	Ericsson
	OK
	

	Huawei, HiSilicon
	OK
	



2.4.2	Proposal already resolved
Background: In [6], the following proposal can be found: “Proposal 2: The PUCCH postponement behavior in presence of non-BL/CE UL subrrames is the same as in Rel-13, i.e., R>1 is postponed, R=1 is not postponed”. However, a decision about it was taken when in RAN1 #104bis the following agreement was reached for the term surrounded by brackets “[3 subframes]” in the PDSCH scheduling delay solution.
	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.



The difference between no postponing (i.e., “3 subframe”) and postponing (i.e., “3 BL/CE UL subframes”) was depicted through two diagrams that can be found in “R1-2101847: Feature Lead Summary [104-e-LTE-Rel17_NB_IoT_eMTC-02] 3rd check point”. Given the agreement, for the 14 HARQ processes feature, PUCCH with R = 1 is postponed.
	Company
	Comments

	Qualcomm
	We disagree with the analysis above. There is no agreement on postponing R=1, so the current status is that R=1 is not postponed. Actually, we raised the point in the GTW discussion that it does not really matter if you postpone R=1 or not, since you can move the PUCCH around by HARQ-ACK delay. The conclusion is that the PDSCH scheduling delay assumes that the non-BL/CE UL subframes are NOT used for PUCCH.
Actually, using the diagram in the FLS, the timeline is achievable without the need to have postponement (the HARQ processes 12,13,0,1 need to have a HARQ-ACK delay of 16,15,14,13. With postponement, the HARQ-ACK delay would need to be 15,14,13,12):

Having said this, we are OK with not discussing this issue anymore (legacy behavior would apply in this case, i.e., no postponement).

	Feature Lead
	The diagrams depicted in “R1-2101847” are correct, what I can see is that the agreement on the term “3 BL/CE UL subframes” is seen in different ways.
· On one hand, given the units agreed for the term “3 BL/CE UL subframes,” in presence of non-BL/CE UL subframes what the term does is seen as a postponement of PUCCH.

· On the other hand, in Qualcomm’s view is interpreted as if “the PDSCH scheduling delay assumes that the non-BL/CE UL subframes are NOT used for PUCCH”.

In case of using more than 10 HARQ processes the result from the two interpretations above will be the same. The main implication will be when 10 or less HARQ processes will be used, because in that case the PDSCH Scheduling delay equation will apply “2 BL/CE DL subframes” and if it happens to be a non-BL/CE UL subframe and “if PUCCH R =1 follows the legacy” then regardless of the presence of a non-BL/CE UL subframe PUCCH will be transmitted.
In other words, for more than 10 HARQ processes the term “3 BL/CE UL subframes” will mimic a postponement of PUCCH in presence of a non-BL/CE UL subframe, but for 10 or less HARQ processes if legacy is followed then PUCCH would be transmitted even in presence of a non-BL/CE UL subframe. The thing is that we would have some sort of postponement/no-postponement changing dynamically via DCI depending on the number of HARQ processes in use. It seems worth discussing it with other companies as to all have the same understanding.

	Huawei, HiSilicon
	Disagree.
It’s irrelevant between the agreement of scheduling delay and the postponement of PUCCH when R=1. 
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Annex 1
A1.1 List of agreements from RAN1 #102-e:
Agreement 
Introduce a new RRC configuration parameter to enable 14 HARQ processes. 
Agreement
For a UE configured with 14 HARQ processes, a PDSCH scheduling delay of 2 BL/CE DL subframes and 7 [FFS subframes type(s)] is supported at least in the PUCCH non-repetition case:
· FFS details of signaling.
· FFS other delay values to account for the presence of non-BL/CE subframes in the PUCCH non-repetition case.
· FFS if the 14 HARQ processes feature is supported in PUCCH repetition case.

Working Assumption
Introduce a new optional UE capability to support 14 HARQ processes
A1.2 List of agreements from RAN1 #103-e:
Agreement
The following working assumption is confirmed
Introduce a new optional UE capability to support 14 HARQ processes
Agreement
The design of the 14 HARQ processes feature accounts for the presence of non-BL/CE UL and DL subframes in the PUCCH non-repetition case.
· FFS: PDSCH scheduling delays
· FFS: HARQ-ACK delays
· FFS: Configurable/dynamic set of PDSCH delays/HARQ-ACK delays

For future meetings:
Companies to further study on the impact of measurement gaps on the 14 HARQ processes feature.
Agreement
For the support of 14 HARQ processes, the solution to assign PDSCH scheduling delays should be able to minimize unnecessary waste of subframes derived from the presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
· The following solutions will be further investigated:
· The indication of subframe types for the PDSCH scheduling delay of 7 are:
· 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.
· Configurable delays including other values than 2 and 7.
· Other solutions are not precluded.

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.
A1.3 List of agreements from RAN1 #104-e:
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.

	




