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1	Introduction
In the RAN2#113e meeting, RAN2 agreed to study LCP impact caused by disabling HARQ UL retransmission.
Agreements via email - offline 103:
2. At least the following are FFS in Rel-17 NTN:
· Report UE-calculated TA in e.g. msg3/msg5/msgA
· Enhancements to RSRP-based selection mechanism of 2-step vs. 4-step RACH 
· LCP impact caused by disabling HARQ UL retransmission

In the RAN2#113bis-e meeting, UL DRX and LCP impact caused by different HARQ UL retransmission scheme were discussed with following agreements: 
· 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).
· 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).
· 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.

In this contribution, we continue  to discuss the LCP and DRX impact caused by different UL retransmission scheme.
2	Discussion
2.1	UL scheduling strategy per HARQ process
As agreed in RAN2#113bis-e meeting, it is NW scheduling strategy to  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 UL decoding result
There is one further issue that whether a combination of scheduling strategies is supported for each HARQ process or only one scheduling strategy is supported for each HARQ process.  
In DL, HARQ process can be configured with HARQ feedback enabled/disabled via RRC in a semi-static manner, and the gNB can determine the retransmission scheme in scheduling and indicate to the UE via HARQ process ID in DCI. Similarly, for UL, each HARQ process can be configured one HARQ retransmission scheme. 
RAN2 agreed the drx-HARQ-RTT-TimerUL is configured per UE DRX group and the behaviour can be configured per HARQ process to ensure the UE is monitoring PDCCH at the optimal time for each of the various NW scheduling strategies. Due to DRX behaviour can be different for different retransmission strategy, if a combination of scheduling strategies for each HARQ process is supported, one unified solution with parameters value covering the worst case should be used per HARQ process which will relax the PDCCH monitoring and consume more power. 
Observation 1: If a combination of scheduling strategies used for one HARQ process, it will bring the restriction  on DRX timer setting and cause more power consumption.
In TS 38.214 Clause 6.1, RAN1 defined: 
“The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.”
RAN1 concluded in RAN1#104-e meeting that, on the scheduling of the same HARQ process, the common understanding is the DCI is expected to be received after the end of the last PUSCH. Considering at least one slot may elapse before same HARQ processes reuse, two HARQ processes (e.g. HARQ processes without retransmission) can be reserved for each UE to continuously schedule UE without HARQ stalling. 
Since 32 HARQ processes are agreed to be supported in NTN, two HARQ processes reserved for HARQ retransmission disabling will not bring much restriction on the scheduling flexibility as the remaining HARQ process can be used for retransmission based on the decoding results or blind retransmissions. We understand it is NW implementation to decide the scheduling strategy for each scheduling occasion, while it seems there is no strong motivation to mix different retransmission scheme for one HARQ process.
Observation 2: It is NW implementation to decide one or a combination of scheduling strategies can be used for one HARQ process. One scheduling strategy used for one HARQ process is feasible without real restrictions on NW scheduling flexibility.

2.2	LCP impact caused by different HARQ UL retransmission scheme 
The agreed scheduling strategies in NTN can achieve different QoS in terms of reliability and latency at the cost of different resource. For example:
Scheduling the UE with HARQ retransmissions based on UL decoding result will only allocate the resources for retransmission when the decoding fails. Multiple retransmissions may be scheduled to achieve the target BLER. The advantage of this strategy is that the retransmission is an on-demand scheduling which will be used only if previous transmission failed. It can save system resources, but at the cost of long latency especially for GEO with long RTT.
Observation 3: Scheduling the UE with HARQ retransmissions based on UL decoding result enable the on-demand retransmissions resource allocation to achieve target BLER, but at the cost of high latency.
Scheduling the UE with the blind retransmission will not rely on gNB decoding result, the gNB can allocate the resources for multiple retransmissions before decoding no matter the decoding fails or not.  This strategy can achieve the target BLER with low latency but at the cost of extra useless retransmissions in following scheduling occasions which may be a waste of system time-frequency resources since all the retransmissions are blindly scheduled.
Observation 4: Scheduling UE with blind retransmissions can achieve the target BLER with low latency, but at the cost of system time-frequency resource waste for extra useless retransmissions.
For the case of HARQ process with no HARQ retransmission, to achieve the target BLER, more robust initial transmission with conservative parameter setting such as low MCS and high transmission power is needed. This strategy can achieve the target BLER with low latency but at the cost of low spectrum efficiency (e.g. a waste of UE’s power/coding resources). Otherwise, low latency can only be achieved without RLC retransmission at the cost of increased error rate.   
Observation 5: Scheduling UE without HARQ retransmissions can achieve the target BLER with low latency at the cost of low spectrum efficiency, or alternatively target for low latency at the cost of increased error rate. 
In UL, it is UE who multiplex the packets from different services (LCHs) into one MAC PDU based on LCP (Logical Channel Prioritization) procedure. Different services may exist in one NTN UE with different bearer/logical channel.
If NW scheduling the UE using three scheduling strategies while different HARQ retransmission schemes are not considered in LCP, the UE will multiplex the packets from different services (LCHs) into one MAC PDU. For service (LCH) which requires both high reliability and low latency, the blind retransmission or more robust initial transmission with conservative parameter setting can be used . For service (LCH) which is delay-tolerant but requires high reliability, NW can schedule UE with HARQ retransmission based on decoding result. If this two kinds of service are multiplexed into one MAC PDU, one service (e.g,LCH1) requires the blind retransmission while the other service(e.g ,LCH2) requires decoding-result based HARQ retransmission, the gNB should make a decision to adopt the blind retransmission to meet the QoS of LCH1. Indeed, LCH2 is not necessary to use this retransmission scheme which cause the waste of system resources for blind retransmission. 
In NTN system , the cell coverage is large and many UEs will be supported in one cell, therefore the time-frequency resources is quite expensive and it is important to improve the transmission efficiency, it is not necessary to use more resources to achieve high reliability and low latency for some service which is not necessary.
Observation 6: If the LCHs/services with different retransmissions schemes requirements multiplexed into one MAC PDU, it will reduce the transmission efficiency.
Therefore, LCP restriction should be defined considering the LCHs/services with different retransmissions schemes requirements. LCHs with high reliability and low latency can be scheduled with the blind retransmission or more robust initial transmission with conservative parameter setting. LCHs which are latency-tolerant with high reliability can be scheduled with the HARQ retransmission based on gNB decoding result.
Proposal 1: HARQ related LCP restriction should be considered for NTN, to satisfy different services (logical channels) requirements in one NTN UE and improve the transmission efficiency.
In the RAN2-113e meeting agreement, it is FFS whether NTN can reuse existing LCP restriction. For example, one may argue that, the same LCP restrictions can be achieved by reusing the allowedPHY-PriorityIndex functionality from Rel-16 as configuring “enable/disable UL HARQ retransmissions” per HARQ process ID and per LCH. In our view, it is not a good way-forward to re-interpret the existing allowedPHY-PriorityIndex functionality to differentiate UL retransmission scheme for NTN. The priority index introduced for IIoT is used not only in LCH configuration for LCP, but also in DCI scheduling dynamic UL grant, configured grant, and scheduling request for resource overlap handling in PHY for intra-UE prioritization. 
Since RAN2 agreed both dynamic grant and configured grant can be used in NTN, if the priority index feature is re-used in NTN for “enable/disable UL HARQ retransmission”, this kind of mix-feature behaviour will make confusion on how to use this feature when both configured grant/dynamic grant (with PHY prioritization) and enable/disable UL HARQ retransmission (with different QoS) are supported in NTN.
Furthermore, there is no LCP limitation on the MAC CE transmission in IIoT priority index feature (i.e., the MAC CE can be transmitted in both the grant with P0 and the  grant with P1). If NTN reuse this feature for different UL HARQ retransmission scheme, the MAC CE can be transmitted in any UL transmissions. It may result in unnecessary MAC-CE transmission failure because of wrong LCP. For example, the MAC CE which requires high reliability (e.g.  acknowledgement for the SPS deactivation) maybe transmitted in grant without retransmission instead of other retransmission schemes with retransmissions for high reliability.
Observation 7: Reusing existing LCP restrictions such as allowedPHY-PriorityIndex functionality is not suitable for NTN to differentiate UL retransmission schemes.
Proposal 2: New LCP restriction should be defined for NTN.
If the new LCP restriction can be agreed for NTN, the next question is how to define the new behaviour. One simple way forward is that, logical channel with different QoS requirement can be mapped to HARQ processes with corresponding retransmission scheme. To support LCP to restrict HARQ process mapping, the UE need to know different HARQ’s retransmission schemes. E.g. whether some HARQ processes are precluded from having retransmission support, or some HARQ processes having high number of retransmissions with high or low latency. UE also need to know the knowledge of LCH’s preferred retransmission scheme according to its service requirement.
There are different ways to let UE get the knowledge of LCH’s HARQ preference before LCP. 
· Option 1, NW indicates each HARQ’s retransmission scheme and NW indicates each LCH’s preferred retransmission scheme to UE. 
Only the LCHs which have same retransmission schemes as what is supported by specific HARQ can be allowed or prioritized to be multiplexed to corresponding HARQ's UL grant/MAC PDU. 

· Option 2, NW indicates each LCH's association with one or multiple HARQ processes to UE. 
Only those LCHs indexed to specific HARQ can be allowed or prioritized to be multiplexed to corresponding HARQ's UL grant/MAC PDU. 
Option 2  is much lighter in signalling and the gNB can simply forbid some HARQ mapping or restrict them in LCP. 
Proposal 3: RAN2 to decide signalling from NW to UE, to support LCP mapping restriction between LCH and HARQ process with two candidate options.
· Option 1, NW indicates each HARQ’s retransmission scheme and NW indicates each LCH’s preferred retransmission scheme to UE. 
· Option 2, NW indicates each LCH's association with one or multiple HARQ processes to UE. 


2.3	UL HARQ DRX Timer impact
In the RAN2#113bis-e meeting, RAN2 agreed the behaviour of drx-HARQ-RTT-TimerUL can be configured per HARQ process, but the number of behaviours is FFS.
· 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).

drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL are HARQ related DRX timer to optimize the PDCCH monitoring for retransmission. drx-HARQ-RTT-TimerUL specifies the minimum amount of subframe(s) before a UL  HARQ retransmission  grant is expected by the MAC entity, drx-RetransmissionTimerUL  specifies the maximum number of consecutive PDCCH-subframe(s) until a UL retransmission grant is received. As discussed in section2.1, the NW may schedule the UE for retransmission with different strategies,  thus the behaviour as well as the configured values will be different to monitor the PDCCH at the suitalbe time to reduce the power consmuption. There are three kinds of the scheduling strategies agreed in RAN2-113bis-e meeting:
· scheme#1: with HARQ retransmissions based on UL decoding result
· scheme#1: without HARQ retransmissions, 
· scheme#2: with blind retransmissions
Corresponding to the scheduling strategies, we think three kinds of UL DRX behaviour should be supported.
For scheme#1, drx-HARQ-RTT-TimerUL allows UE to go to sleep during the period waiting for next scheduling for retransmission. The timer should be set to the value at least round-trip delay of the system because, from this HARQ’s point of view, gNB will schedule retransmission only after reception of UE's previous PUSCH transmission.
For scheme#2,the UE has no need to monitor the PDCCH for retransmissions since it will never come, otherwise it will drain UE’s battery in vain. Thus, the drx-HARQ-RTT-TimerUL can be not started or set to zero. However, if drx-HARQ-RTT-TimerUL  is set to zero, drx-RetransmissionTimerUL  will be started based on current specification which is not necessary since there will be no  retransmission expected . Instead, not starting drx-HARQ-RTT-TimerUL is simpler and  it is aligned with what RAN2 agreed in DL solution (drx-RetransmissionTimerDL).
For scheme#3, gNB schedule uplink HARQ retransmission blindly no matter previous PUSCH transmission can be decoded successfully or not, i.e., the gNB can schedule the retransmission at any time after the initial transmission and before decoding of previous transmission. The UE should correspondingly monitor the PDCCH at right time. So, the drx-HARQ-RTT-TimerUL can be not started or set to zero.  We slightly prefer to not starting the RTT timer to align with the case without HARQ retransmission as well as what RAN2 agreed in DL solution.
Proposal  4: In NTN, the following two drx-HARQ-RTT-TimerUL behaviours can be configured:  
1) For the HARQ with HARQ retransmissions based on UL decoding result, the length of drx-HARQ-RTT-TimerUL should be increased by offset with the RTT value from UE to gNB. 
2) For the scheduling with no HARQ retransmission and blind retransmission, drx-HARQ-RTT-TimerUL should not be started.
3	Conclusion
This document has made the following observations:
Observation 1: If a combination of scheduling strategies used for one HARQ process, it will bring the restriction  on DRX timer setting and cause more power consumption.
Observation 2: It is NW implementation to decide one or a combination of scheduling strategies can be used for one HARQ process. One scheduling strategy used for one HARQ process is feasible without real restrictions on NW scheduling flexibility.
Observation 3: Scheduling the UE with HARQ retransmissions based on UL decoding result enable the on-demand retransmissions resource allocation to achieve target BLER, but at the cost of high latency.
Observation 4: Scheduling UE with blind retransmissions can achieve the target BLER with low latency, but at the cost of system time-frequency resource waste for extra useless retransmissions.
Observation 5: Scheduling UE without HARQ retransmissions can achieve the target BLER with low latency at the cost of low spectrum efficiency, or alternatively target for low latency at the cost of increased error rate. 
Observation 6: If the LCHs/services with different retransmissions schemes requirements multiplexed into one MAC PDU, it will reduce the transmission efficiency.
Observation 7: Reusing existing LCP restrictions such as allowedPHY-PriorityIndex functionality is not suitable for NTN to differentiate UL retransmission schemes.
And proposed the following:
Proposal 1: HARQ related LCP restriction should be considered for NTN, to satisfy different services (logical channels) requirements in one NTN UE and improve the transmission efficiency.
Proposal 2: New LCP restriction should be defined for NTN.
Proposal 3: RAN2 to decide signalling from NW to UE, to support LCP mapping restriction between LCH and HARQ process with two candidate options.
· Option 1, NW indicates each HARQ’s retransmission scheme and NW indicates each LCH’s preferred retransmission scheme to UE. 
· Option 2, NW indicates each LCH's association with one or multiple HARQ processes to UE. 

Proposal  4: In NTN, the following two drx-HARQ-RTT-TimerUL behaviours can be configured:  
1) For the HARQ with HARQ retransmissions based on UL decoding result, the length of drx-HARQ-RTT-TimerUL should be increased by offset with the RTT value from UE to gNB. 
2) For the scheduling with no HARQ retransmission and blind retransmission, drx-HARQ-RTT-TimerUL should not be started.







