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1	Introduction
Disabling UL HARQ retransmission was discussed in NTN SI and captured in TR [1],  in WI, RAN2#112e meeting 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

Additionally, the impact to DRX RTT timers and how to signal "enabling"/"disabling" HARQ uplink retransmission were also mentioned but not finalized in RAN2#112e meeting.
Agreement from Friday CB session:
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

In this contribution, we want to discuss the LCP and DRX impact caused by disabling HARQ uplink retransmission first, then suggest the signalling to indicate "enabling"/"disabling" HARQ uplink retransmission to UE in NTN.
2	Discussion
2.1	Clarification on enabling/disabling UL HARQ retransmission
For HARQ uplink retransmissions, the gNB has full control of whether a retransmission of the PUSCH would be needed or not. This is to control from NDI (toggled or not toggled) on the PDCCH for the UL grant (e.g. gNB may schedule the same HARQ process ID in PUSCH allocations by using the same NDI). In gNB implementation, there are two kinds of UL HARQ retransmission in practice.
· Type1: HARQ uplink retransmissions which always rely on previous PUSCH transmission decoding result (e.g. retransmission triggered only if previous transmission decoded as failure)
· Type2: HARQ uplink retransmissions which is blindly scheduled by gNB (e.g. retransmission scheduled before availability of initial transmission decoding result)
In NTN, to support the NR radio access for satellite links, long round-trip delay (up to 541ms) is one issue to be addressed. If only Type1 is supported, then UL HARQ stalling will happen because long RTT in NTN (i.e. HARQ number exhausted as UE wait long RTT to reuse the HARQ process ID).
To avoid UL HARQ stalling, one solution is disabling UL HARQ retransmission (i.e. gNB reuse the HARQ process ID for new transmission after initial transmission and flush this HARQ’s buffer before any retransmission). The other solution is to support Type2 UL HARQ blind retransmission, in which multiple blind retransmissions of the same TB are scheduled to lower residual BLER, with soft combining of multiple transmissions according to NR Rel.15 in the receiver (i.e. multiple transmissions of the same TB to lower residual BLER as captured in SI TR38.821[1] section 9.2).
Based on gNB’s scheduling decision, enabling/disabling UL HARQ retransmission can be summarized as below table with three retransmission schemes, for example:
Table1: UL (Re)transmission schemes in NTN
	Scheme#
	UL HARQ retransmission
	(Re)transmission schemes
	Expected Performance for corresponding HARQ

	1
	“Enabling” UL HARQ retransmission
	HARQ with multiple retransmissions relying on previous/initial transmission packet decoding result in gNB.
	High reliability (up to retransmission number)
Relatively high latency (up to 541ms in one RTT)


	2
	
	HARQ with multiple number of blind retransmissions not relying on previous/initial transmission packet decoding result in gNB.
	High reliability (up to retransmission number)
Relatively medium latency

	3
	“Disabling” UL HARQ retransmission
	HARQ with no retransmission 
	Low reliability (note)
Relatively low latency



Note: Transmission reliability may rely on many factors (such as link adaptation and retransmission), while in general low reliability may occur if no retransmission happens at all, assuming similar LA algorithm in different scheme.
Observation 1: Enabling UL HARQ retransmission includes both UL HARQ retransmissions which rely on previous PUSCH decoding result and blind UL HARQ retransmissions which does not rely on previous PUSCH decoding result. 
Proposal 1: RAN2 to confirm there are three type of uplink retransmission schemes supported in NTN (i.e. no HARQ uplink retransmission, HARQ uplink retransmission based on PUSCH decoding result or not), which are all controlled by NW.

2.2	LCP Impact caused by disabling HARQ UL retransmission
From Table1, we can also see the expected performance of the three UL HARQ retransmission schemes is quite different from reliability/latency point of view, due to different number of retransmission and RTTs in different scheme.
Observation 2: Different retransmission scheme in UL HARQ may result in different performance of the HARQ. 
On the other hand, different services may exist in one NTN UE with different bearer/logical channel. For example, the SRB/MAC CE and eMBB service may require different QoS requirement. (e.g. SRB/MAC CE needs high reliability, while eMBB DRB needs high throughput/low latency). To fulfil the service requirement, logical channel with different QoS requirement may need to be mapped to HARQ processes with different retransmission scheme. The SRB/MAC CE may be mapped to HARQ processes with high reliability (#1or #2 in the table) while the eMBB DRB may be mapped to HARQ process with low latency (#3 in the table).
In UL, it is UE who multiplex the packets from different services (LCHs) into one MAC PDU based on LCP (Logical Channel Prioritization) procedure. In TS38.321, many restrictions (e.g. allowedSCS-List /maxPUSCH-Duration etc) are defined and have been utilized jointly in LCP procedure in packet mapping while no HARQ related mapping restriction defined. So, we think HARQ related LCP restriction should be introduced in NTN.
Proposal 2: HARQ related LCP restriction should be considered when gNB supports different retransmission scheme in UL, to satisfy different services (logical channels) requirements in one NTN UE.
For cases with LCP to restrict HARQ process mapping, the UE need to know different HARQ’s retransmission schemes. E.g. if 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.
Observation 3: UE should have knowledge of LCH's preferred retransmission scheme (according to LCH's service requirement) and different HARQ's retransmission scheme (provided by gNB scheduling), to facilitate LCP to restrict LCH mapping to TBS of HARQ process.
There are different ways to let UE get the knowledge of LCH’s HARQ preference before LCP. 
· Option 2.2-1: gNB indicates each HARQ's retransmission schemes (e.g. disabling UL HARQ retransmission, enabling UL HARQ retransmission based on PUSCH decoding result or not) to UE via RRC, together with LCH’s preferred retransmission scheme.
In this option, UE gets to know each LCH's preferred retransmission scheme e.g. explicitly configured by the gNB via RRC. With the information that how gNB will schedule each HARQ’s retransmission scheme and LCH’s preferred retransmission scheme, UE exactly know each LCH’s preferred HARQ process IDs to fulfil its service requirement.
From UE's point of view, 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. 
· Option 2.2-2: gNB indicates each LCH's association with one or multiple HARQ processes to UE via RRC
In this option, each HARQ process is be linked with different retransmission schemes provided by gNB. As gNB can assume each HARQ’s expected performance (via gNB scheduling) before LCH configuration, gNB is feasible to configure each LCH’s preferred HARQ process IDs to fulfil its service requirement via RRC.  
From UE's point of view, only those LCHs indexed to specific HARQ can be allowed or prioritized to be multiplexed to corresponding HARQ's UL grant. 
Observation 4: Both Option 2.2-1 and Option 2.2-2 are feasible to support LCP mapping restriction between LCH and HARQ.

2.3	DRX impact caused by disabling HARQ UL retransmission 
In the NTN WI description RP-201256 , the DRX impact was summarized in objectives to support both HARQ feedback enabled and HARQ feedback disabled cases, to enable UE battery saving by reducing the PDCCH monitoring time with the high RTT in NTN scenarios.
	· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure



For UL, in our view, the start of drx-HARQ-RTT-TimerUL for the HARQ process with different retransmission scheme is quite different (as summary in Table2). 
Table2: DRX RTT Timer behaviour
	Scheme#
	UL HARQ retransmission
	(Re)transmission schemes
	DRX UL RTT timer 
drx-HARQ-RTT-TimerUL

	1
	“Enabling” UL HARQ retransmission
	HARQ with multiple retransmissions relying on previous/initial transmission packet decoding result in gNB.
	Start the timer.
The timer should be set to the value at least round-trip delay of the system 

	2
	
	HARQ with multiple number of blind retransmissions not relying on previous/initial transmission packet decoding result in gNB.
	Not start the timer or NW set the RTT Timer to zero or a minimum number of slots between initial transmission and the retransmissions via RRC

	3
	“Disabling” UL HARQ retransmission
	HARQ with no retransmission 
	Not start the timer or NW set the RTT Timer to zero via RRC



For scheme#1 (i.e. HARQ decoding-result based retransmission), 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 gNB will schedule retransmission only after reception of UE's previous PUSCH transmission.
For scheme#2 (i.e. blind HARQ retransmission, uplink HARQ retransmission without waiting for decoding result of previous PUSCH transmission). As gNB schedule uplink HARQ retransmission blindly (no matter previous PUSCH transmission can be decoded successfully or not), gNB will schedule uplink retransmission for this HARQ after initial transmission. In other words, the blind retransmissions will not rely on UE's previous PUSCH transmission anymore. So, it is reasonable not to start drx-HARQ-RTT-TimerUL timer or  NW set the RTT Timer to zero or NW set the RTT timer a minimum number of slots for optimization (e.g. time diversity) purpose.
For scheme#3 (i.e. uplink HARQ retransmission is disabled), the UE should not need to monitor the PDCCH for retransmissions that will not come otherwise it will drain UE’s battery. Thus, the drx-HARQ-RTT-TimerUL is not started or  NW set the RTT Timer to zero in this scenario..
Proposal 3: RAN2 to confirm the common understanding on different DRX RTT timer behaviour in enabling/disabling UL HARQ retransmission cases. 
· In enabling UL HARQ retransmission scheme, if retransmission is based on decoding result, drx-HARQ-RTT-TimerUL should be started with value at least RTT of system.
· In enabling UL HARQ retransmission scheme, if retransmission is not based on decoding result, drx-HARQ-RTT-TimerUL should not be started or NW set it to zero via RRC or NW set the RTT Timer a minimum number of slots between initial transmission and the retransmissions.
· In disabling UL HARQ retransmission scheme, drx-HARQ-RTT-TimerUL should not be started or NW set it to zero via RRC.
Additionally, for scheme#2 with blind HARQ retransmission,  there are several DRX options provided during RAN2#111e email discussion as below. However, RAN2 has no conclusion on the which timer should be used by UE to monitor PDCCH for blind retransmissions. 
· Blind retransmission can be covered by drx-InactivityTimer due to less specification impact.
· Start drx-RetransmissionTimerUL directly after initial transmission to cover blind retransmissions
· NW indicates offset to start drx-RetransmissionTimerUL after transmission via PDCCH to cover  blind retransmissions
Even without starting RTT timers in case of blind retransmission, it is good to re-use drx-RetransmissionTimerUL to support blind retransmission. As the proposal in R2-1916196[2], we think start the drx-RetransmissionTimerUL with offset indicated by network via PDCCH is beneficial and future proofing, which UE can sleep in between blind HARQ (re)transmissions, to enable power saving during blind retransmission phase.
Proposal 4: RAN2 to discuss the modification of drx-RetransmissionTimerUL to support blind retransmission.
If Proposal 3 is the common understanding of RAN2, then there are two options to let UE get the knowledge of each HARQ’s retransmission scheme to apply different RTT timer.
· Option 2.3-1: gNB indicates each HARQ's retransmission schemes (e.g. disabling UL HARQ retransmission, enabling UL HARQ retransmission based on PUSCH decoding result or not) to UE via RRC.
In this option, UE gets to know each HARQ’s retransmission scheme thus can decide the RTT timer behaviour according to Table2.
· Option 2.3-2: gNB indicates each HARQ's retransmission schemes to UE via DCI.
In this option, DCI need to be extended to indicate offset to start drx-RetransmissionTimerUL, to enable UE power saving in between blind retransmissions. With this extension, the offset can implicitly indicate this HARQ’s retransmission scheme. (e.g. absence of offset means disabling UL HARQ retransmission, special value of offset differentiates enabling UL HARQ retransmission based on PUSCH decoding result etc.)
Observation 5: Both Option 2.3-1 and Option 2.3-2 are feasible to support different DRX RTT timer behaviour in enabling/disabling UL HARQ retransmission cases.

2.4	Signalling to indicate enabling/disabling HARQ uplink retransmission 
Based on analysis of LCP impact and DRX impact caused by disabling HARQ UL retransmission and functionalities we need to achieve, there are two possible way forwards to indicate enabling/disabling HARQ UL retransmissions.
· Alt1: NW explicitly indicates each HARQ's retransmission schemes to UE via RRC
· Alt2: NW implicitly indicates each HARQ’s retransmission schemes to UE via DCI
	
	Alt1 solution (NW explicitly indicates each HARQ's retransmission schemes to UE via RRC)
	Alt2 solution (NW implicitly indicates each HARQ’s retransmission schemes to UE via DCI)

	LCP impact
	Option 2.2-1
· gNB indicates each HARQ's retransmission schemes to UE via RRC
· UE knows each LCH's preferred retransmission scheme e.g. explicitly configured by the gNB via RRC. 
· 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.
	Option 2.2-2
· gNB indicates each LCH's association with one or multiple HARQ processes to UE via RRC
· Each HARQ process is be linked with different retransmission schemes provided by gNB.
· Only those LCHs indexed to specific HARQ can be allowed or prioritized to be multiplexed to corresponding HARQ's UL grant.

	DRX RTT Timer impact
	Option 2.3-1
· gNB indicates each HARQ's retransmission schemes to UE via RRC
· UE knows each HARQ’s retransmission scheme thus can decide the RTT timer behavior according to Table2.
	Option 2.3-2
· gNB indicates each HARQ's retransmission schemes to UE via DCI.
· DCI need be extended to indicate offset to start drx-RetransmissionTimerUL, to enable UE power saving in between blind retransmissions. 
· The offset can implicitly indicate this HARQ’s retransmission scheme to UE, thus UE can decide the RTT timer behavior according to Table2.



Observation 6: NW can inform UE each UL HARQ's retransmission schemes either explicitly via RRC or implicitly via DCI.
However, from our point of view, Alt2 solution seems more future proofing considering signalling overhead as well as the support to DRX adaptation:
· Alt2 is much lighter in signalling and the gNB can simply forbid some HARQ mapping or restrict them in LCP. And gNB knows what is going on for different HARQ, as gNB knows for instance how many retransmissions it will schedule (scheme 2) for a certain HARQ process. However, in Alt1, the UE is not aware of this if gNB only indicates UL HARQ disabling indicator from gNB to UE via RRC.
· Alt2 supports both DRX RTT timer and retransmission timer adaptation which can enable power saving during blind retransmission phase.
Proposal 5: RAN2 to decide signalling to indicate HARQ uplink retransmission schemes via RRC or DCI.
3	Conclusion
In section 2 we made the following observations:
Observation 1: Enabling UL HARQ retransmission includes both UL HARQ retransmissions which rely on previous PUSCH decoding result and blind UL HARQ retransmissions which does not rely on previous PUSCH decoding result. 
Observation 2: Different retransmission scheme in UL HARQ may result in different performance of the HARQ. 
Observation 3: UE should have knowledge of LCH's preferred retransmission scheme (according to LCH's service requirement) and different HARQ's retransmission scheme (provided by gNB scheduling), to facilitate LCP to restrict LCH mapping to TBS of HARQ process.
Observation 4: Both Option 2.2-1 and Option 2.2-2 are feasible to support LCP mapping restriction between LCH and HARQ.
Observation 5: Both Option 2.3-1 and Option 2.3-2 are feasible to support different DRX RTT timer behaviour in enabling/disabling UL HARQ retransmission cases.
Observation 6: NW can inform UE each UL HARQ's retransmission schemes either explicitly via RRC or implicitly via DCI.

Based on the discussion in section 2 we propose the following:
Proposal 1: RAN2 to confirm there are three type of uplink retransmission schemes supported in NTN (i.e. no HARQ uplink retransmission, HARQ uplink retransmission based on PUSCH decoding result or not), which are all controlled by NW.
Proposal 2: HARQ related LCP restriction should be considered when gNB supports different retransmission scheme in UL, to satisfy different services (logical channels) requirements in one NTN UE.
Proposal 3: RAN2 to confirm the common understanding on different DRX RTT timer behaviour in enabling/disabling UL HARQ retransmission cases. 
· In enabling UL HARQ retransmission scheme, if retransmission is based on decoding result, drx-HARQ-RTT-TimerUL should be started with value at least RTT of system.
· In enabling UL HARQ retransmission scheme, if retransmission is not based on decoding result, drx-HARQ-RTT-TimerUL should not be started or NW set it to zero via RRC or NW set the RTT Timer a minimum number of slots between initial transmission and the retransmissions.
· In disabling UL HARQ retransmission scheme, drx-HARQ-RTT-TimerUL should not be started or NW set it to zero via RRC.
Proposal 4: RAN2 to discuss the modification of drx-RetransmissionTimerUL to support blind retransmission.
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