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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, the impacts on DRX timer due to the UL/DL HARQ enhancements introduced in NTN are discussed with corresponding proposals to settle the remaining issues left on this topic. 
2. Discussion
DRX timer handling with disabled UL HARQ retransmission 
· Motivation/necessity/uses case for the indication of UL HARQ schemes
During the offline discussion [AT114-e][103][NTN] at the last meeting, it can be seen that at least from the perspective of DRX timer handling, a clear majority of companies shared the view that the gNB needs to indicate to the UE the HARQ UL retransmission scheme actually used for a UL grant, in order for the UE to handle the UL HARQ related DRX timers (e.g. HARQ RTT timer) in a proper way on the corresponding HARQ processes.  
Unfortunately, the introduction of such an indication finally failed to be concluded in the Phase 2 discussion of [AT114-e][103][NTN], as some companies argued what such “disabling/enabling ULHARQ retransmission” actually means is still not clear, and how different HARQ retransmission schemes (i.e. disabled HARQ retransmission, blind HARQ retransmission and HARQ retransmission scheduled based on PUSCH decoding result) should be distinguished/classified and how each actually works should be first clarified before making any further agreements. This issue was recorded in [1] by the Rapporteur as follows:
	No proposals are made at this time, however companies are encouraged to address the following aspects via contribution to RAN2#115e:
· Motivation for semi-statically configuring UL HARQ retransmission state per HARQ process;
· Confirmation that regardless of method of indication/configuration, there will always be an option for network to schedule according to any retransmission scheme (i.e. legacy behaviour);
· The number of retransmission scheme options (i.e. whether to distinguish between disabled/blind retransmission/retransmissions based on PUSCH decoding result vs. only enabled/disabled);
· The expected UE behaviour for each retransmission scheme.


Therefore, we would like to propose how to classify different UL HARQ retransmission schemes first. The support of disabling UL HARQ retransmission was introduced to address the HARQ stalling issue due to the long propagation delay that the UE has to wait for retransmission scheduling in the NTN environment, if the gNB, as in legacy TN, always schedules retransmission UL grants relying on the decoding results of previous transmissions. From this perspective, it seems that the disabled HARQ retransmission (no retransmission) and blind HARQ retransmission has little difference in terms of the delay for retransmission scheduling, since they both belong to the HARQ scheme that gNB schedules retransmission grants without PUSCH decoding result and either can avoid an HARQ process being occupied for excessively long time before it can be scheduled with subsequent (re)transmissions. By contrast, in the case of the HARQ retransmission based on the PUSCH decoding result, the UE may have to wait for at least 2*RTT between the UE and the GW, plus a processing time for the PUSCH decoding, before the next (re)transmission can be scheduled on the relevant HARQ process. 
Considering the similarity between disabled HARQ retransmission and blind HARQ retransmission in terms of the delay performance and their big gap compared with the HARQ retransmission based on PUSCH decoding result, it is reasonable to classify these HARQ retransmission schemes on the table into “disabling HARQ retransmission” and “enabling HARQ retransmission”, with the former including disabled HARQ retransmission (no retransmission scheduled at all) and blind HARQ retransmission (retransmission scheduled w/o considering PUSCH decoding result), and the latter meaning the HARQ retransmission scheduled based on PUSCH decoding result. Although a further distinction between disabled HARQ retransmission and blind HARQ retransmission may optimize the design a bit more, focusing on the main motivation of introducing such HARQ retransmission disabling scheme, we think that such a classification of “disabling/enabling HARQ retransmission” is already sufficient, and thus propose this classification as follows for simplicity. 
Proposal 1. Classify different UL HARQ retransmission schemes into “disabling HARQ retransmission” and “enabling HARQ retransmission” as follows:
· Disabling HARQ retransmission: the NW performs UL scheduling without PUSCH decoding result, including no HARQ retransmission and blind HARQ retransmission, on the relevant HARQ process(es); 
· Enabling HARQ retransmission: the NW schedules UL HARQ retransmission based on the decoding result of previous PUSCH receptions on the relevant HARQ process(es). 
Note that it seems not necessary to intentionally make further distinction on whether a retransmission is a repetition or not on top of the HARQ retransmission schemes under the discussion here. The reason is that a repetition is performed directly following its previous transmissions in the same bundle without need to wait for the further scheduling via RNTI, so it is inherently irrelevant to the HARQ stalling issue as well as the different HARQ schemes being discussed here which are specifically towards the case that the UE finishes a UL transmission without knowing whether/when the subsequent retransmission resources would come. As a result, the repetition operation can be performed as in the legacy R15/16 way without being impacted, despite the different HARQ schemes introduced here for NTN. In other words, the enabling/disabling HARQ retransmission in Proposal 1 involves only the retransmission scheduled dynamically by the gNB, other than the subsequent repetitions that follow in the same bundle.  
Proposal 2. The classification of disabling/enabling UL HARQ retransmission has no impact on the repetitions in a bundle, which can be performed in the legacy R15/16 way in either case. Different HARQ schemes in Proposal 1 involve only retransmission UL grants dynamically scheduled, other than those repetitions that follow previous transmissions in the same bundle. 
As pointed out earlier, a majority of companies held the view that an indication of HARQ schemes actually used for a given UL transmissions needs to be introduced, so as to guide the UE on how to handle the HARQ RTT timer on the associated HARQ process(es). We also share the majority’s view in this regard. Without such an indication, the UE is unable to handle the drx-HARQ-RTT-TimerUL (i.e. start or not start) adaptively to the HARQ scheme the gNB uses for each UL transmission, and this will lead to some technical problems anyway:
· Either the UE assumes that gNB works as in the legacy way in TN, and always starts the drx-HARQ-RTT-TimerUL on every HARQ process being used for UL transmission — which leads to potential packet losses in case gNB uses blind HARQ transmission for UL transmissions and directly schedules retransmission grants w/o waiting for the HARQ RTT time on the associated HARQ process(es);
· Or the UE always assumes the gNB schedules transmissions not based on PUSCH decoding result, and does not apply drx-HARQ-RTT-TimerUL at all — which results in unnecessary power consumption to monitor PDCCH for retransmission during HARQ RTT time, in case the gNB however applies the legacy HARQ mechanisms based on PUSCH decoding result for some UL grants. 
To this end, we also support to introduce the indication of HARQ retransmission schemes at least from the DRX timer handling perspective. Such an indication can be used to indicate whether the HARQ retransmission is disabled or enabled for UL scheduling, based on the HARQ scheme classification in above Proposal 1. 
Proposal 3. It is necessary to introduce an indication on whether HARQ retransmission is enabled or disabled for UL scheduling from the perspective of DRX timer handling.  
· Signaling details on the indication of disabling/enabling HARQ retransmission 
With respect to the signaling detail of such an indication, there was a majority of companies that preferred to introduce an RRC-configured indication per HARQ process, as seen from the following proposal in the Phase 1 summary of [AT114-e][103][NTN]  [2]. 
	Proposal 4: 	The HARQ retransmission scheme is semi-statically configured per HARQ process via RRC (18/22). “Not indicated” is a possible configuration, where network can schedule according to any retransmission scheme.


However, there were also some companies that proposed a DCI-based indication at a per TB level, providing some valid arguments showing its benefits from a technical point of view. We think, although the per HARQ process indication based on RRC is the majority’s preference, it is necessary to have sufficient comparison on the pros and cons between the two candidates before making the final decision. So below we look into the two options, and propose our perspective:
· Option 1 - RRC-based indication per HARQ process: each HARQ process is configured by RRC signaling with an indication on the HARQ retransmission scheme, i.e. disabling/enabling HARQ. The UE handles the HARQ related DRX timer of each HARQ process based on the RRC-indicated HARQ retransmission scheme associated with this HARQ process.  
· Option 2 - DCI-based indication at a per TB level: An indication is introduced in the DCI format for UL scheduling, indicating the HARQ retransmission scheme that is applied to the associated TB in the UL transmission. For each TB in UL transmission, the UE handles the HARQ related DRX timers of the HARQ process associated with the TB based on the HARQ retransmission scheme indicated by the related DCI. 
It is straightforward that the DCI based indication in Option 2 can realize adjustment among different HARQ schemes at a per TB level, thus yielding more flexibility than the RRC-based indication in Option 1 in which TBs on the same HARQ process need to follow the same HARQ scheme. In addition, we find that Option 1 may inevitably still suffer from the HARQ stalling issue and resultant technical problems in some cases, due to its inflexibility. Specifically, when the HARQ processes configured with a HARQ retransmission scheme (e.g. HARQ retransmission enabled) are currently fully occupied but there is more data that gNB still intends/needs to schedule via this HARQ retransmission scheme, the gNB cannot directly schedule further UL transmission onto the HARQ process(es) associated with the other HARQ retransmission scheme (e.g. HARQ retransmission disabled), even if they are still left unused (because otherwise the UE may handle the related DRX timer in an inappropriate way).  Instead, the gNB may have to wait for the completion of the on-going UL transmission on the HARQ process(es) with the matching HARQ scheme, or alternatively reconfigure the HARQ schemes for some of the HARQ processes. This, however, may on the contrary deteriorate the HARQ stalling issue, and/or lead to potential large delay for the RRC reconfiguration. This issue could be even more obvious for uplink CG, since if the gNB intends to reconfigure the HARQ retransmission scheme for the HARQ processes associated with one or more uplink CG(s), it may have to reconfigure the related CG(s), or even release them, at the same time, which not only leads to extra overhead, but impacts the original gNB scheduling strategies. 
Observation 1. The RRC-based indication per HARQ process is inflexible and may lead to the problem that the HARQ processes for a HARQ scheme are fully occupied and become insufficient, but the HARQ processes for the other HARQ scheme are still left unused. This may still result in the HARQ process stalling issue, and/or the unnecessary RRC reconfiguration with large delay. 
Given that the HARQ stalling issue is what we aim to solve by supporting different HARQ retransmission schemes, Option 2 thus is preferred from our perspective to settle the problem in a more thorough way. On the other hand, we are also open to support the RRC-based per HARQ process indication on Option 1 on top of Option 2, which, as commented by some companies, can give gNB more configuration flexibility. 
Proposal 4. Support UL HARQ retransmission enabled/disabled indication in DCI at a per TB level. RAN2 further discusses whether/how RRC-based semi-persistent indication can be supported as another option for more gNB configuration flexibility.  
· Intended UE behavior on DRX timer handling 
With the indication of the UL HARQ retransmission scheme, irrespective of whether DCI based or RRC based, there is still a leftover FFS that needs to be addressed, regarding the intended UE behavior on how to handle the drx-HARQ-RTT-TimeUL, as follows: [3]
	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.


Considering that RAN2 already had the agreement in RAN2#113e that “4. In NTN, The drx-HARQ-RTT-TimerUL is configured per UE DRX group and the behaviour can be configured per HARQ process”, the per HARQ process drx-HARQ-RTT-TimerUL value configuration has been excluded, so it is now impossible to support different drx-HARQ-RTT-TimerUL values configured for the HARQ processes applying different HARQ retransmission schemes by RRC within a DRX group. To this end, some companies alternatively proposed to allow the UE to autonomously set the drx-HARQ-RTT-TimerUL value of an HARQ process to zero, if the HARQ process is indicated as HARQ retransmission disabled, irrespective of the NW-configured value of drx-HARQ-RTT-TimerUL for the corresponding DRX group. 
From our perspective, such a solution of setting timer value to zero has no technical benefit than the solution of simply not starting the drx-HARQ-RTT-TimerUL, with the latter solution in fact being more straightforward and aligned with the agreement made for drx-HARQ-RTT-TimerDL in RAN2 #113e [4]:
	Agreements via email - from offline [103]:
1. For HARQ processes with DL HARQ feedback disabled, drx-HARQ-RTT-TimerDL is not started.


Therefore, we propose that the UE does not start the drx-HARQ-RTT-TimerUL for the HARQ process that is associated with a TB with UL HARQ retransmission disabled.  
Proposal 5. For a HARQ process associated with a TB with UL HARQ retransmission disabled, drx-HARQ-RTT-TimerUL of this HARQ process is not started. 
DRX timer handling with disabled DL HARQ feedback
For a HARQ process associated with a TB with DL HARQ feedback disabled, how the UE starts the related drx-RetransmissionTimerDL remains not concluded. On this issue, there were the following agreements reached in RAN1 [5][6]:
	RAN1#104e
Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0
· Note: The TB of the two PDSCHs can be either same or different


	RAN1 #105e
Agreement:
Confirm the previous working assumption for  X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.


From RAN2 perspective, these agreements typically mean that for the HARQ process associated with a TB disabling DL HARQ feedback, the UE starts the drx-RetransmissionTimerDL of the HARQ process and monitors PDCCH for subsequent PDSCH (re)transmission scheduling, after a time offset from the end of the corresponding PDSCH reception (in the case of no DL bundling), or after a time offset from the end of the last reception within a bundle of the corresponding PDSCH receptions (in the case of DL bundling configured). The above intended UE behaviors should be captured in the MAC specification, and are proposed as follows:
Proposal 6. For a HARQ process associated with a TB disabling DL HARQ feedback, the UE starts the drx-RetransmissionTimerDL for this HARQ process, after a time offset from the end of the corresponding PDSCH reception (in case DL bundling is not configured).
Proposal 7. For a HARQ process associated with a TB disabling DL HARQ feedback, the UE starts the drx-RetransmissionTimerDL for this HARQ process, after a time offset from the end of the last reception within a bundle of the corresponding PDSCH receptions (in case DL bundling is configured).
The time offset in above Proposal 6 and 7 is related to the parameter “X” in the below RAN1 agreements. In our understanding, the X in the RAN1 agreement is a processing time that depends on UE capability, functioning as the lower bound on when the UE expects the subsequent PDCCH reception(s) will come, but the specific value of this time offset should be eventually up to NW configuration as per its scheduling strategy. In more detail, it is proposed that RAN2 discusses whether to implement this time offset via a new timer maintained by the UE in a similar way as HARQ RTT timer, or via an offset value that the UE directly uses to figure out the starting point for the drx-RetransmisionTimerDL.
Proposal 8. The time offset is configured by the NW. RAN2 to further discuss whether to implement this time offset via 1) a timer maintained by the UE or 2) an offset value directly used by the UE to figure out the starting time.  
3. Conclusion
In this contribution, we aimed to settle the remaining issues on the DRX handling with UL/DL HARQ enhancements introduced in NTN. The observations and proposals of this contribution are listed as follows. 
For UL
Observation 1. The RRC-based indication per HARQ process is inflexible and may lead to the problem that the HARQ processes for a HARQ scheme are fully occupied and become insufficient, but the HARQ processes for the other HARQ scheme are still left unused. This may still result in the HARQ process stalling issue, and/or the unnecessary RRC reconfiguration with large delay. 
1. Classify different UL HARQ retransmission schemes into “disabling HARQ retransmission” and “enabling HARQ retransmission” as follows:
· Disabling HARQ retransmission: the NW performs UL scheduling without PUSCH decoding result, including no HARQ retransmission and blind HARQ retransmission, on the relevant HARQ process(es); 
· Enabling HARQ retransmission: the NW schedules UL HARQ retransmission based on the decoding result of previous PUSCH receptions on the relevant HARQ process(es).  
Proposal 10. The classification of disabling/enabling UL HARQ retransmission has no impact on the repetitions in a bundle, which can be performed in the legacy R15/16 way in either case. Different HARQ schemes in Proposal 1 involve only retransmission UL grants dynamically scheduled, other than those repetitions that follow previous transmissions in the same bundle. 
Proposal 11. It is necessary to introduce an indication on whether HARQ retransmission is enabled or disabled for UL scheduling from the perspective of DRX timer handling.  
Proposal 12. Support UL HARQ retransmission enabled/disabled indication in DCI at a per TB level. RAN2 further discusses whether/how RRC-based semi-persistent indication can be supported as another option for more gNB configuration flexibility.  
Proposal 13. For a HARQ process associated with a TB with UL HARQ retransmission disabled, drx-HARQ-RTT-TimerUL of this HARQ process is not started. 
For DL
Proposal 14. For a HARQ process associated with a TB disabling DL HARQ feedback, the UE starts the drx-RetransmissionTimerDL for this HARQ process, after a time offset from the end of the corresponding PDSCH reception (in case DL bundling is not configured).
Proposal 15. For a HARQ process associated with a TB disabling DL HARQ feedback, the UE starts the drx-RetransmissionTimerDL for this HARQ process, after a time offset from the end of the last reception within a bundle of the corresponding PDSCH receptions (in case DL bundling is configured).
Proposal 16. The time offset is configured by the NW. RAN2 to further discuss whether to implement this time offset via 1) a timer maintained by the UE or 2) an offset value directly used by the UE to figure out the starting time.   
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