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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].
The Feature Lead Summary [104b-e-LTE-Rel17_NB_IoT_eMTC-02] 1st check point can be found in R1-2103859.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	FLS on 14 HARQ processes in DL in LTE-MTC
2.1	HARQ-ACK delay
During GTW2, the following was captured in the Chairman’s notes as to continue the discussions on the HARQ-ACK delay solution.
	Possible Agreement
On HARQ-ACK delay is determination
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”.
Solutions according with Alt-2 can be found in:
· [2] Proposal 1, Option 1.
· [6] Proposal 3.
· [7] Proposal 1.
· [4] Proposal 3.
Work in RAN1#104bis-e to clarify Alt-2




A one-on-one comparison between Alt-1 and Alt-2 is performed below as to select only of them. Once one of the alternatives has been selected, the next step will consists in comparing the concrete proposals under the umbrella of the selected alternative as to select one of them as the HARQ-ACK delay solution.
	
	Alt-1
	Alt-2

	General Description:
	The HARQ-ACK delay is determined through an expression consisting of different subframe types (Using a similar principle as the PDSCH scheduling delay).
	The HARQ-ACK delay is determined following the legacy approach. That is, the “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.

	
Percentage of invalid subframes that can be handled:

	
The proposed solutions under Alt-1 will be able to handle any percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
	
The percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes that the proposed solutions under Alt-2 will be able to handle is limited by the delay values in the HARQ-ACK delay set and the number of bits used for it.

	Total Number of bits foreseen to be required:
	The proposed expression consisting of different subframe types uses at least two variables, which apparently will require 2-bits and 4-bits respectively. In total 6-bits are apparently required.
	Depending on the percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes intended to be handled, the total number of bits is expected to be 3 to 4 bits.

	Pros:
	· Can handle any percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
· The HARQ-ACK delay solution will work based on the same principle agreed for the PDSCH scheduling delay.

	· The “HARQ-ACK delay” is kept expressed in terms of “absolute subframes”.
· Alt-2 in principle is foreseen to require less bits in total compared to Alt-1.


	Cons:
	· The total number of bits required by Alt-1.

	· The percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes to be handled is limited by the delay values in the HARQ-ACK delay set and the number of bits used for it.


	Other Considerations
	It has recently been raised for clarification: “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”.
If for PUCCH “R=1 is not postponed”, then there will be a conflict with Alt-1, since the HARQ-ACK delay expression consisting of different subframe types will mimic a postponement of PUCCH in presence of a non-BL/CE UL subframe.

	
	· Alt-1 seems to conflict with “PUCCH R=1 not postponed” since the expression consisting of different subframe types will mimic a postponement of PUCCH in presence of a non-BL/CE UL subframe which overrides the “PUCCH R=1 not postponed”.
	· Alt-2 won’t conflict with “PUCCH R=1 not postponed”.



Potential Agreement:
In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be down-selected 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).
· FFS: The expression consisting of different subframe types.
· 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.

Potential Agreement:
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. Total number of bits required in DCI.
1. Scenarios that can be handled, including:
(a) different numbers of scheduled HARQ processes per burst
(b) different % of invalid subframes for both 10 and 40 SF long bitmaps
1. Robustness against loss of DCIs.
1. Flexibility.

	Company
	Alt-1 or Alt-2?
	Comments 

	Nokia, NSB
	Alt-1
	We believe the total number of bits required by Alt-1 is LESS than Alt-2, i.e. it should not be recorded as a CON in the above table.

Per our version of Alt.1, only 2 dci bits are required for the HARQ-ACK delay (we believe Huawei’s is similar?).  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).

In our view, advantages of Alt-1 over Alt-2, include:
· No need to recalculate/reconfigure delays for different invalid bit patterns.
· Should be optimal whatever the % of invalid subframes
· Signalling costs reduced – less likely to increase DCI size

For anyone supporting Alt-2, have you tried to determine the optimum delays for different invalid subframe patterns?  Do these patterns include the 40 SF long bitmaps?  Have you considered how/if the delays change from one set of 14-HARQ processes to the next set of 14-HARQ processes and so on given a superimposed invalid bitmap? 

	ZTE
	Alt-2
	The intention to introduce 14 HARQ processes feature is to improve the peak data rate. There is no need to enable this feature for any percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes.
We only need to consider the case that the percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes is not larger than 20%.

	Lenovo, MotoM
	Alt-2
	Different from PDSCH scheduling delay, HARQ-ACK delay field has 3 bit, which provides enough scheduling flexibility considering non-BL/CE UL subframe.
We don’t need the exact counting of each type of subframe, which makes the design not aligned with legacy behavior. If we want to reduce the bit size of HARQ-ACK delay field, we can consider Alt-1.

	FL
	To Nokia:
	About the comment ”We believe the total number of bits required by Alt-1 is LESS than Alt-2, i.e. it should not be recorded as a CON in the above table. Per our version of Alt.1, only 2 dci bits are required for the HARQ-ACK delay (we believe Huawei’s is similar?).  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)”.
Let me explain why I wrote that for Alt-1 “6-bits are apparently required“. For example, one of the solutions for Alt-1 expresses the HARQ-ACK delay 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.”. You mentioned that “All the UE needs to know explicitly from the DCI, is which of the next available 3 ACK to use” that would mean only 2-bits for the variable “z” would be needed. However, depending on the number of HARQ processes in use at a given point in time the value of the variable “y” varies, and given that the number of HARQ processes changes dynamically then “y” would have to change the same way. In that case, apparently 2-bits would be needed for “z” and 4-bits would be needed for “y” as to give 6-bits in total.

	Ericsson
	Alt-2
	Our first preference would be Alt-2, although Alt-1 is interesting because of its ability of handling any percentage of presence of invalid subframes (for Alt-1 ww prefer the version in which all its variables are dinamically signaled).

To ZTE: Even though first preference is Alt-2, we and several operators do not share the view that “ We only need to consider the case that the percentage of presence of non-BL/CE DL subframes and non-BL/CE UL subframes is not larger than 20%.”, we need to support a larger percentag e of presence of invalid subframes.

	Nokia
	Defer downselection
	Based on comments here and in the email thread, we wonder if downselection should be deferred to the next meeting? We are concerned that if we „choose“ Alt 2 now without an agreement on the range of delays required, that come the next meeting, we realise that given the number of bits required to support Alt 2 to the level we can agree on, that Alt 1 (Huawei variant, perhaps with optimisation) is ultimately a better solution.

In Rel-17, for the 14 HARQ process feature the HARQ-ACK delay solution will be downselected from based on:
…

	Qualcomm
	
	It would be good to also give some guideline on how the downselection is expected to be done. Some of the things that were discussed:
1) Number of bits in DCI.
2) Scenarios that can be handled, including different number of scheduled HARQ processes per burst, different number of invalid subframes.
3) Robustness against loss of DCIs

	ZTE
	
	Regarding percentage of presence of invalid subframes, before we make decision on HARQ-ACK delays, It would be better operators give  a suggest on all the percentages of presence of invalid subframes to support.
Before downselection, the solutions for each option should be more specific.

	Huawei, HiSilicon
	Alt 1
	We share similar view with Nokia that for Alt 2, there are many aspects that should be taken into consideration, including the different kind of reservations. 
On the number of bits, it’s a pro for Alt 1. For Alt 1, the value z can be fixed for a certain y, then at most 4 bits are needed in DCI. For Alt 2, as there are at least 12 kinds of values for HARQ-ACK delay (12 HARQ processes in a cycle), the number of bits is at least 4 bits. In fact, for Alt 2, with high probaiblity the set of delays is different for different cycles, which can be exemplified as below. Then with time on, more bits in DCI would be needed.
[image: C:\Users\y00325266\AppData\Roaming\eSpace_Desktop\UserData\y00325266\imagefiles\originalImgfiles\E451DB2B-8E06-41A1-A2C1-9DEFC99300A7.png]

	ZTE
	
	For the aspects towards the down-selection for the HARQ-ACK delay solution, the following aspect also needs to be considered:
1. Whether all legacy HARQ-ACK delay values are included. i.e., if number of HARQ processes is euqal to or less than 10, the capability to fallback to legacy procedures?


2.2	Clarification on PUCCH with R=1: Postponement or No Postponement
Background: In [6], the following proposal can be found: “Proposal 2: The PUCCH postponement behavior in presence of non-BL/CE UL subframes is the same as in Rel-13, i.e., R>1 is postponed, R=1 is not postponed”. During RAN1 #104bis when for the PDSCH Scheduling delay solution the agreement on the term “3 BL/CE UL subframes” was reached, the action that this term performs has been seen in two different ways.
· On one hand, given the units agreed for the term “3 BL/CE UL subframes,” in presence of a non-BL/CE UL subframes what the term does is seen as a postponement of PUCCH (i.e., in presence of a non-BL/CE UL subframes the PUCCH transmission is hold, until the next immediately available BL/CE UL subframe).

· 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”.

Regardless of the interpretation, the result is the same when more than 10 HARQ processes are in use, but the result would be different when 10 or less are in use. That is, when there are more than 10 HARQ processes in use, the term “3 BL/CE UL subframes” will override “PUCCH with R=1 is not postponed” since the term acts as a postponement of PUCCH in presence of a non-BL/CE UL subframe, but for 10 or less HARQ processes since the term “3 BL/CE UL subframes” does not apply (i.e., the term “2 BL/CE DL subframes” applies), PUCCH would be transmitted even in presence of a non-BL/CE UL subframe if “PUCCH with R=1 is not postponed”.
If in Rel-17, the 14 HARQ processes feature is going to follow the legacy behavior (i.e., “PUCCH with R=1 is not postponed,”) there will be 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 and reach an agreement as to all have the same understanding.
Potential Agreement:
In Rel-17, for the 14 HARQ processes feature:
· Opt-1: PUCCH using Repetition = 1 is not postponed (legacy behavior).
· Opt-2: PUCCH using Repetition = 1 is postponed.


	Company
	Opt-1 or Opt-2
	Comments

	Nokia, NSB
	Opt-2
	Our understanding from the previous meeting, is that we had selected 3 BL/CE UL subframes, because we had decided to OBSERVE invalid subframes (at least for the PDSCH delay of 7) for 14-HARQ processes (even though for 10-HARQ we did not).  So for consistency, within the delay definitions for 14-HARQ (PDSCH delays and HARQ-ACK delays) we should assume opt-2.

	ZTE
	Opt-2
	PUCCH transmission can be avoided in non-BL/CE UL subframe by eNB scheduling.

	Lenovo, MotoM
	Opt-2
	Handled by eNB scheduling

	Ericsson
	Opt-2
	Similar view as Nokia

	QC
	Opt-1
	We are a bit confused about the comments from ZTE / Lenovo. They seem to say that the collision is handling by eNB scheduling, but actually they propose that it is NOT handled by eNB scheduling (Opt-2).

	ZTE
	
	By setting the HARQ-ACK delay value, PUCCH transmission can be avoided to be in the invalid subframes. If collision can be avoided, we think there is no need to discuss the preference of Opt-1 and Opt-2.

	Huawei, HiSilicon
	Opt-1
	We agree with the reason of ZTE and Lenovo that it can be handled by scheduling, but the natrual selection seems to be Opt-1 with this reason.

	FL
	To: ZTE and Huawei
	To ZTE: About the comment “By setting the HARQ-ACK delay value, PUCCH transmission can be avoided to be in the invalid subframes”, such a statement does not hold if the HARQ-ACK delay solution happens to be as per Alt-1.
To Huawei: In section 2.2, for the HARQ-ACK delay solution you stated Alt-1 as your preference, whereas in section 2.3 your preference is Opt-1. The problem is that you have stated preferences that conflict with each other. That is, even if “PUCCH with R=1 is meant to be not postponed” what the HARQ-ACK delay solution as per Alt-1 does is that in presence of a non-BL/CE UL subframes the PUCCH transmission will be put on hold, until the next immediately available BL/CE UL subframe. This means that the HARQ-ACK solution as per Alt-1 conflicts with Opt-1 since it overides the “PUCCH with R=1 is not postponed”.
So, for the reason I explained above the argument “We agree with the reason of ZTE and Lenovo that it can be handled by scheduling” does not hold if in the end the HARQ-ACK delay solution happens to be as per Alt-1.
It is easy to see that companies have overlooked the different implications of following Opt-1 or Opt-2, hence to avoid different interpretation that may result in different implementation behaviours, it is highly recommended to clarify whether in Rel-17 for the 14 HARQ processes feature Opt-1 or Opt-2 is followed.

	ZTE
	
	We think PUCCH would not be transmitted in invalid subframe and the collision can be avoided by eNB scheduling. Opt-1 and Opt-2 only occur when PUCCH transmisson is scheduled in invalid subframes. Maybe our option is Opt-3:
Opt-3: By eNB scheduling, PUCCH transmission is not expected in non-BL/CE UL subframes
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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.
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