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1 Introduction

In the last RAN2 meetings, UL HARQ in NTN was discussed, and the following agreements were made [1][2][3][4].
RAN2#112e agreements:

1. From RAN2 perspective, for dynamic grant, one possibility for "enabling"/"disabling" HARQ uplink retransmission at UE transmitter is without introducing an additional mechanism (i.e. gNB can send grant with NDI not toggled/toggled without waiting for decoding result of previous PUSCH transmission). FFS on the handling of RTT timers. Other solutions for enabling/disabling HARQ UL reTX are not precluded

RAN2#113e agreement:

1. From RAN2 perspective, for HARQ processes where gNB can sends UL grant without waiting for decoding result of previous PUSCH transmission, no new network scheduling restrictions are introduced to schedule subsequent grants (i.e. up to network implementation. (Can come back if we don't find an agreement on p8)
RAN2#113bis-e agreements:

1. It is NW scheduling strategy to avoid NTN UE in HARQ stalling state. From RAN2 perspective, the NW can continuously schedule the UE using one or a combination of scheduling strategies, such as without HARQ retransmissions, or with blind retransmissions, or with HARQ retransmissions based on DL HARQ feedback (or UL decoding result).

2. RAN2 confirms that in NTN if the UE is in DRX Active Time for any reason, the UE should monitor the PDCCH regardless of whether drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL is running or not. No specification change is needed.

3. RAN2 confirms that in NTN using the value= “zero” for drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL is possible. No specification change is needed.

4. In NTN, The drx-HARQ-RTT-TimerUL is configured per UE DRX group and the behaviour can be configured per HARQ process. FFS the different behaviours and how to indicate the behaviour to the UE and the number of behaviours (e.g., two or more behaviours).

5. LCP restrictions should be further considered for an UL HARQ process in NTN. FFS if no further LCP restrictions are needed, or if (R16) existing LCP restrictions can be re-used or if new LCP restriction shall be defined for this purpose.
RAN2#114-e agreements:

1. The following options are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer set to zero and/or 3) Timer disabled (i.e. not started). FFS if this is based on explicit configuration or not. We can also come back to see whether both 2 and 3 are needed.

2. RAN2 working assumption: Offset for drx-HARQ-RTT-TimerUL is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it).

3. drx-RetransmissionTimerDL timer length is not extended in NTN

4. The drx-HARQ-RTT-TimerUL behaviour applied for each HARQ process is up to the network (e.g. to support NW scheduling strategy to avoid HARQ stalling).

5. RAN2 Working Assumption: No new CG-specific LCP restriction is introduced for NTN. If a new LCP restriction is agreed for dynamic grant, the proposal does not preclude future discussion on whether it may also apply to configured grant

6. Repetition transmission based HARQ retransmission is always allowed and is explicitly indicated per HARQ process via DCI (as in legacy).

7. At least the following options for LCP in NTN are further studied: 1) allowedPHY-PriorityIndex is re-used; and 2) A new LCP restriction is introduced to map LCH to one or more HARQ process(es). FFS if HARQ processes can be classified as having retransmission “enabled” or “disabled” in this case.

In this contribution, we further discuss issues on UL HARQ operation in NTN, including LCP restrictions. Besides, we try to clarify a contradiction between two agreements on drx-HARQ-RTT-TimerDL we have made.
2 Discussion

2.1 Discussion on the retransmission scheme of UL HARQ
In RAN2#113bis-e and RAN2#114-e meetings, the following agreements have been made for UL HARQ in NTN.

1. [RAN2#113bis-e] It is NW scheduling strategy to avoid NTN UE in HARQ stalling state. From RAN2 perspective, the NW can continuously schedule the UE using one or a combination of scheduling strategies, such as without HARQ retransmissions, or with blind retransmissions, or with HARQ retransmissions based on DL HARQ feedback (or UL decoding result).

2. [RAN2#114-e] The following options are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer set to zero and/or 3) Timer disabled (i.e. not started). FFS if this is based on explicit configuration or not. We can also come back to see whether both 2 and 3 are needed.

As stated in the above agreements, for UL HARQ, NW has three retransmission scheme options:
· HARQ with retransmissions based on the previous PUSCH decoding result

· HARQ with blind retransmissions (not based on the previous PUSCH decoding result)
· HARQ with no retransmission
Due to these three retransmission scheme options, there are three possible DRX behaviours per HARQ process, as well as three different types of LCP restriction. From UE’s perspective, too many UE behaviours would add complexity on UE implementation. Hence, we suggest considering to configure two retransmission schemes to UE.
From services delay’s perspective, due to the large UE-gNB RTT in NTN, HARQ retransmission based/not based on the previous PUSCH decoding result is quite different in NTN. For a certain HARQ process, if the scheduling strategy is the former, retransmitted TBs will have high delay, especially for GEO, up to 541ms; for the latter, retransmitted TBs don’t need to wait that long. “blind retransmissions” and “no retransmission” could be merged into one category, since they both don’t need to rely on the previous PUSCH decoding result.
Observation 1 From UE’s perspective, too many UE behaviours would add complexity on UE implementation. 

Observation 2 From service delay’s perspective, HARQ retransmission based/not based on the previous PUSCH decoding result is quite different in NTN.
Proposal 1 Two retransmission scheme options are configured to UE, i.e., UE needs to distinguish HARQ retransmission schemes per HARQ process between the following options:

· HARQ with retransmissions based on the previous PUSCH decoding result

· HARQ with retransmissions NOT based on the previous PUSCH decoding result, including HARQ with blind retransmissions and no retransmission

How to make UE aware the UL HARQ retransmission scheme

In RAN2#111-e meeting, the following agreement has been made for DL HARQ in NTN.

1. From a RAN2 perspective, for DL, HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner. FFS for UL
For DL, it has been approved that DL HARQ retransmission scheme is under network control and is signalled to the UE via RRC in a semi-static manner. With respect to how to make UE aware the UL HARQ retransmission scheme, in our understanding, it should align with downlink, i.e., the UL HARQ retransmission scheme per HARQ process is signalled by gNB via RRC in a semi-static manner. 

Proposal 2 The UL HARQ retransmission scheme, i.e., whether gNB sends UL grant for retransmission based on decoding result of previous PUSCH transmission, is configured per HARQ process via RRC in a semi-static manner.
2.2 Impact of UL HARQ retransmission schemes on DRX
The different UL HARQ retransmission schemes lead to different behaviours on DRX, i.e., they have impact on DRX timers, and the impact is mainly related to drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL. Then we discuss the DRX impact on two different retransmission schemes. 
HARQ with retransmissions based on the previous PUSCH decoding result

For DL, it has been agreed that for HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e., existing values within value range increased by offset). For UL HARQ processes where gNB sends grant based on decoding result of previous PUSCH transmission, the drx-HARQ-RTT-TimerUL should be handled in the same way.

Proposal 3 For an UL HARQ process whose retransmission scheme is based on the previous PUSCH decoding result, drx-HARQ-RTT-TimerUL length is extended by an offset that is equal to UE-gNB RTT.
HARQ with blind retransmissions/no retransmission

For a UL HARQ process where gNB sends grant not based on decoding result of previous PUSCH transmission, gNB can schedule UL retransmission for the HARQ process before receiving PUSCH from UE and decoding the received TB for the corresponding HARQ process, and gNB can also not schedule any UL retransmission. Therefore, there are three options on DRX behaviours for an UL HARQ process whose retransmission scheme is not based on the previous PUSCH decoding result, i.e.,

	After PUSCH transmission
	drx-HARQ-RTT-TimerUL
	drx-RetransmissionTimerUL

	Option 1
	Set to zero
	Set to zero

	Option 2
	Not start
	Not start

	Option 3
	Not start
	Start directly


For Option 1, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL are configured per cell group as legacy. If these timers were set to zero, one precondition would be to introduce the DRX configuration per HARQ process or per HARQ retransmission scheme, since those timers need to keep their original value for the other transmission scheme. Therefore, Option 1 would have a larger spec impact on DRX configuration.
Option 2 means that UE doesn’t need to monitor PDCCH for blind transmission after PUSCH transmission, except during the Active Time due to the other reasons, e.g., drx-InactivityTimer, the drx-RetransmissionTimerUL of another HARQ process. Option 2 has a smaller spec impact, but in our understanding, relying on the Active Time due to the other reasons would be not flexible, since UE cannot be scheduled with a blind retransmission when no Active Time.
Hence, we suggest to consider Option 3. From the UE’s point of view, after the UE finishes the PUSCH transmission for the HARQ process, the UE should be ready to receive another PDCCH indicating retransmission or new transmisson for the same HARQ process. Therefore, UE should directly start drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission. For Option 3, a moderate spec change is needed, i.e., one more start condition of drx-RetransmissionTimerUL.
Proposal 4 For an UL HARQ process whose retransmission scheme is not based on the previous PUSCH decoding result (i.e., HARQ with blind retransmissions and no retransmission), UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.
Proposal 5 drx-HARQ-RTT-TimerUL is not started for an UL HARQ process whose retransmission scheme is not based on the previous PUSCH decoding result.
2.3 Impact of UL HARQ retransmission schemes on LCP

In NR, if UE receives a UL grant indicating new transmission, UE will perform LCP for all the UL logical channels that have data available for transmission according to the configured priority for each UL logical channel. 
As we state in Section 2.1, due to the different UL HARQ retransmission schemes, HARQ processes with different attributes may coexist. In order to meet the delay requirement of different logical channel, further LCP restriction is also needed for the mapping between logical channel and HARQ process. 
In RAN2#114-e meeting, the following agreements have been made for LCP restrictions in NTN. 
1. RAN2 Working Assumption: No new CG-specific LCP restriction is introduced for NTN. If a new LCP restriction is agreed for dynamic grant, the proposal does not preclude future discussion on whether it may also apply to configured grant

2. At least the following options for LCP in NTN are further studied: 1) allowedPHY-PriorityIndex is re-used; and 2) A new LCP restriction is introduced to map LCH to one or more HARQ process(es). FFS if HARQ processes can be classified as having retransmission “enabled” or “disabled” in this case.
For LCP in NTN, at least the following options are still further studied:

· Re-use allowedPHY-PriorityIndex
· New LCP restrictions
Some companies hold the position that LCP restrictions can be achieved by re-using allowedPHY-PriorityIndex to configure “enable/disable UL HARQ retransmissions” per HARQ process ID and per LCH. allowedPHY-PriorityIndex was introduced for IIoT feature in Rel-16. In our understanding, re-using might somehow work if RAN2 can confirm the assumption that IIoT is not supported in NTN. However, this is not very future-proof and may cause some IoT issue. We prefer to define a clean configuration for a new feature rather than re-using an existing one. 
Observation 3 Re-using allowedPHY-PriorityIndex is not future-proof.
Proposal 6 New LCP restriction is introduced for the mapping between LCH and HARQ process.
Proposal 7 The new LCP restriction is configured via RRC for each LCH.
Regarding the new LCP restriction configured for each LCH, when UE has a UL grant for new transmission using a HARQ process “enabling”/“disabling” HARQ retransmission, in our view, the following options can be considered.

· Option (a): For a UL grant for new transmission using a HARQ process “enabling”/“disabling” HARQ retransmission, allowing data from all LCHs to be mapped to the grant according to an adjusted priority. e.g. for the HARQ process “disabling” HARQ retransmission, those LCHs that are sensitive to delay will have higher priority to be mapped to the grant. For the HARQ process “enabling” HARQ retransmission, the LCHs requiring high reliability will have higher priority to be mapped to the grant.

· Option (b): For a UL grant for new transmission using a HARQ process “enabling”/“disabling” HARQ retransmission, only allowing data from a few LCHs to be mapped to the grant. e.g. for the HARQ process “disabling” HARQ retransmission, only those LCHs that are sensitive to delay are allowed to map to the grant. For the HARQ process “enabling” HARQ retransmission, only LCHs requiring high reliability are allowed to be mapped to the grant.

Proposal 8 RAN2 considers the following options of new LCP restriction:
· Option (a)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, allowing data from all LCHs to be mapped to the grant according to an adjusted priority.

· Option (b)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, only allowing data from partial LCHs to be mapped to the grant. 

2.4 Clarification for the agreements on drx-HARQ-RTT-TimerDL

In RAN2#112-e meeting, the following agreement has made for drx-HARQ-RTT-TimerDL, called RAN2#112-e agreement.

1. For UE with pre-compensation capability (at least for the HARQ-feedback enabled case. FFS for HARQ-feedback disabled, if supported), drx-HARQ-RTT-TimerDL is offset by UE-specific RTT (UE-gNB delay) in LEO/GEO. FFS if offset is applied to: 1) the start of the timers or 2) the timer value range (i.e. existing values within value range increased by offset).

From the RAN2#112-e agreement above, for the HARQ-feedback enabled case, we already agreed to have an offset on drx-HARQ-RTT-TimerDL and the offset is equal to UE-gNB RTT, while how to apply this offset is FFS.
In RAN2#113-e meeting, the following agreement has made for drx-HARQ-RTT-TimerDL, called RAN2#113-e agreement.

1. For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e. existing values within value range increased by offset). RAN2 working assumption: offset is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it).

In our understanding, the intention of RAN2#113-e agreement above is trying to address the FFS in RAN2#112-e agreement, i.e., trying to choose one option about where to apply the offset between 1) the start of the timers and 2) the timer value range. Other than this FFS, RAN2#113-e agreement should follow the other part of RAN2#112-e agreement as a baseline. Hence, it is not merely a working assumption that offset is equal to UE-gNB RTT, and we already agreed that in RAN2#112-e meeting. RAN2 may need to further clarify this contradiction by removing the wording “working assumption”.
Proposal 9 For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e., existing values within value range increased by offset). Working assumption on that offset is equal to UE-gNB RTT is confirmed as RAN2 agreement. 
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1 From UE’s perspective, too many UE behaviours would add complexity on UE implementation. 

Observation 2 From service delay’s perspective, HARQ retransmission based/not based on the previous PUSCH decoding result is quite different in NTN.
Observation 3 Re-using allowedPHY-PriorityIndex is not future-proof.
And propose the following:
Proposal 10 Two retransmission scheme options are configured to UE, i.e., UE needs to distinguish HARQ retransmission schemes per HARQ process between the following options:

· HARQ with retransmissions based on the previous PUSCH decoding result

· HARQ with retransmissions NOT based on the previous PUSCH decoding result, including HARQ with blind retransmissions and no retransmission

Proposal 11 The UL HARQ retransmission scheme, i.e., whether gNB sends UL grant for retransmission based on decoding result of previous PUSCH transmission, is configured per HARQ process via RRC in a semi-static manner.

Proposal 12 For an UL HARQ process whose retransmission scheme is based on the previous PUSCH decoding result, drx-HARQ-RTT-TimerUL length is extended by an offset that is equal to UE-gNB RTT.

Proposal 13 For an UL HARQ process whose retransmission scheme is not based on the previous PUSCH decoding result (i.e., HARQ with blind retransmissions and no retransmission), UE starts drx-RetransmissionTimerUL for the corresponding HARQ process after PUSCH transmission.

Proposal 14 drx-HARQ-RTT-TimerUL is not started for an UL HARQ process whose retransmission scheme is not based on the previous PUSCH decoding result.

Proposal 15 New LCP restriction is introduced for the mapping between LCH and HARQ process.

Proposal 16 The new LCP restriction is configured via RRC for each LCH.

· RAN2 considers the following options of new LCP restriction:

· Option (a)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, allowing data from all LCHs to be mapped to the grant according to an adjusted priority.

· Option (b)：For a UL grant for new transmission using a HARQ process enabling/disabling HARQ retransmission, only allowing data from partial LCHs to be mapped to the grant. 

Proposal 17 For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e., existing values within value range increased by offset). Working assumption on that offset is equal to UE-gNB RTT is confirmed as RAN2 agreement. 
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