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Introduction
At the RAN#86 meeting, the Study Item on “Study on solutions for NR to support non-terrestrial network” was completed [1] and the corresponding work item was approved and later updated at RAN#91 [2]. The new work item aims to specify the enhancements identified for NR NTN and has the following RAN2 objectives on user plane aspects:
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· [bookmark: _Hlk45617713]Enhancement on UL scheduling to reduce scheduling latency.
· 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
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
· RLC
· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios 
· PDCP
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.

In this paper, we discuss the remaining NR adaptations to support NTN for DRX, logical channel prioritization, HARQ bunding, SR/BSR, configured grant scheduling and SPS.

DRX HARQ RTT timers
Here we discuss the DRX timers related to HARQ RTT. Further DRX issues are discussed in section 6.

The purpose of the DRX HARQ RTT timers 

At RAN2#113bis_e the following was agreed
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.

For DRX we have in the 38.321 section 5.7:
[bookmark: _Toc67931551][bookmark: _Toc46490335][bookmark: _Toc52752030][bookmark: _Toc29239849][bookmark: _Toc52796492][bookmark: _Toc37296208]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
…
RRC controls DRX operation by configuring the following parameters:
…
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
…
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;
…
When DRX is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).

The timers drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are there to help controlling when the UE shall monitor the PDCCH, and more specifically controlling when the drx-RetransmissionTimerDL and drx-RetransmissionTimerUL shall be started.

[bookmark: _Toc71499393][bookmark: _Toc71509963][bookmark: _Toc71511154][bookmark: _Toc71512894][bookmark: _Toc71513564][bookmark: _Toc71515795][bookmark: _Toc71516022][bookmark: _Toc71516299][bookmark: _Toc71521242][bookmark: _Toc71521359][bookmark: _Toc71552855][bookmark: _Toc71553785][bookmark: _Toc71553996][bookmark: _Toc71576383][bookmark: _Toc71576480][bookmark: _Toc71576780][bookmark: _Toc71579714][bookmark: _Toc71581390][bookmark: _Toc71583001][bookmark: _Toc71583281][bookmark: _Toc71583382][bookmark: _Toc71583738][bookmark: _Toc75973746][bookmark: _Toc76123746][bookmark: _Toc76133837][bookmark: _Toc76138033][bookmark: _Toc76138145][bookmark: _Toc76138848][bookmark: _Toc76139210][bookmark: _Toc79071763][bookmark: _Toc79072847][bookmark: _Toc79077551][bookmark: _Toc79077639][bookmark: _Toc79077844][bookmark: _Toc79079407][bookmark: _Toc79079489][bookmark: _Toc79083795][bookmark: _Toc79097409][bookmark: _Toc79097491]The purpose of the timers drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is to control start of the timers drx-RetransmissionTimerDL and drx-RetransmissionTimerUL respectively. 
The timer drx-HARQ-RTT-TimerDL is there to model the DL HARQ RTT. The descriptive text ”the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;” was unfortunate, it should have been ”the duration after a DL assignment until drx-RetransmissionTimeDL is started by the MAC entity;” because restrictions on when assignments for a HARQ process can be received are described in the RAN1 specification. 
The timer drx-HARQ-RTT-TimerUL is there to model the UL HARQ RTT. The descriptive text ”the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;” should have said ”the duration after an UL grant until drx-RetransmissionTimeUL is started by the MAC entity;” because restrictions on when grants for a HARQ process can be received are described in the RAN1 specification. Thus, if the UE is in DRX Active Time, the running of drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL do not limit what type of grant or assignment the UE can receive. This is because the drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL are there to control the DRX state and not for limiting reception of grants or assignments. 

[bookmark: _Toc71499394][bookmark: _Toc71509964][bookmark: _Toc71511155][bookmark: _Toc71512895][bookmark: _Toc71513565][bookmark: _Toc71515796][bookmark: _Toc71516023][bookmark: _Toc71516300][bookmark: _Toc71521243][bookmark: _Toc71521360][bookmark: _Toc71552856][bookmark: _Toc71553786][bookmark: _Toc71553997][bookmark: _Toc71576384][bookmark: _Toc71576481][bookmark: _Toc71576781][bookmark: _Toc71579715][bookmark: _Toc71581391][bookmark: _Toc71583002][bookmark: _Toc71583282][bookmark: _Toc71583383][bookmark: _Toc71583739][bookmark: _Toc75973747][bookmark: _Toc76123747][bookmark: _Toc76133838][bookmark: _Toc76138034][bookmark: _Toc76138146][bookmark: _Toc76138849][bookmark: _Toc76139211][bookmark: _Toc79071764][bookmark: _Toc79072848][bookmark: _Toc79077552][bookmark: _Toc79077640][bookmark: _Toc79077845][bookmark: _Toc79079408][bookmark: _Toc79079490][bookmark: _Toc79083796][bookmark: _Toc79097410][bookmark: _Toc79097492]The purpose of the timers drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is not to limit the UEs ability of reception of assignments or grants for certain HARQ processes. 
[bookmark: _Toc79071765][bookmark: _Toc79071816][bookmark: _Toc79072849][bookmark: _Toc79072901][bookmark: _Toc79077553][bookmark: _Toc79077611][bookmark: _Toc79077641][bookmark: _Toc79077699][bookmark: _Toc79077846][bookmark: _Toc79077904][bookmark: _Toc79079409][bookmark: _Toc79079462][bookmark: _Toc79079491][bookmark: _Toc79079544][bookmark: _Toc79083797][bookmark: _Toc79083850][bookmark: _Toc79097411][bookmark: _Toc79097464][bookmark: _Toc79097493][bookmark: _Toc79097546]The current RAN2 specification does not need to be updated to enable sending DL assignments, with NDI toggled or not toggled, for a HARQ process having drx-HARQ-RTT-TimerDL running. 
[bookmark: _Toc79071766][bookmark: _Toc79071817][bookmark: _Toc79072850][bookmark: _Toc79072902][bookmark: _Toc79077554][bookmark: _Toc79077612][bookmark: _Toc79077642][bookmark: _Toc79077700][bookmark: _Toc79077847][bookmark: _Toc79077905][bookmark: _Toc79079410][bookmark: _Toc79079463][bookmark: _Toc79079492][bookmark: _Toc79079545][bookmark: _Toc79083798][bookmark: _Toc79083851][bookmark: _Toc79097412][bookmark: _Toc79097465][bookmark: _Toc79097494][bookmark: _Toc79097547]The current RAN2 specification does not need to be updated to enable sending UL grants, with NDI toggled or not toggled, for a HARQ process having drx-HARQ-RTT-TimerUL running.

The drx-HARQ-RTT-TimerDL and drx- RetransmissionTimerDL 
In case HARQ feedback is disabled, RAN2 agreed that the drx-HARQ-RTT-TimerDL is not started. This means that drx-RetransmissionTimerDL will not be started. 
Some have argued that this will not allow the gNB to send blind retransmission assignments to the UE, but when the UE receives PDCCH indicating a new transmission (DL or UL) , the drx-InactivityTimer is (re)started which will allow for plenty of blind retransmissions. 
For DL SPS, if HARQ feedback is disabled then neither the drx-InactivityTimer nor drx-HARQ-RTT-TimerDL will be started when the UE receives a PDU. This is a small drawback, as the gNB may not be able to send opportunistic blind retransmission assignments to the UE except when the UE wakes up for an OnDuration. In general link adaptation for SPS need to be more robust in order to decrease the frequency of SPS activation (with updated modulation and coding scheme) and we may even configure pdsch-AggregationFactor (bundling) either separate for the SPS configuration or for all PDSCH transmissions. Thus SPS in no reason for changing start of drx-RetransmissionTimerDL for HARQ processes with disabled HARQ feedback. 

[bookmark: _Toc71499397][bookmark: _Toc71499451][bookmark: _Toc71509968][bookmark: _Toc71510030][bookmark: _Toc71511159][bookmark: _Toc71511222][bookmark: _Toc71512899][bookmark: _Toc71512960][bookmark: _Toc71513569][bookmark: _Toc71513630][bookmark: _Toc71515800][bookmark: _Toc71515861][bookmark: _Toc71516027][bookmark: _Toc71516090][bookmark: _Toc71516304][bookmark: _Toc71516363][bookmark: _Toc71521247][bookmark: _Toc71521308][bookmark: _Toc71521364][bookmark: _Toc71521425][bookmark: _Toc71552860][bookmark: _Toc71552921][bookmark: _Toc71553790][bookmark: _Toc71553851][bookmark: _Toc71554001][bookmark: _Toc71554062][bookmark: _Toc71576388][bookmark: _Toc71576455][bookmark: _Toc71576485][bookmark: _Toc71576552][bookmark: _Toc71576785][bookmark: _Toc71576852][bookmark: _Toc71579719][bookmark: _Toc71579786][bookmark: _Toc71581395][bookmark: _Toc71581462][bookmark: _Toc71583006][bookmark: _Toc71583073][bookmark: _Toc71583286][bookmark: _Toc71583355][bookmark: _Toc71583387][bookmark: _Toc71583451][bookmark: _Toc71583743][bookmark: _Toc71583807][bookmark: _Toc75973751][bookmark: _Toc75973819][bookmark: _Toc76123750][bookmark: _Toc76123813][bookmark: _Toc76133841][bookmark: _Toc76133906][bookmark: _Toc76138037][bookmark: _Toc76138111][bookmark: _Toc76138149][bookmark: _Toc76138211][bookmark: _Toc76138852][bookmark: _Toc76138905][bookmark: _Toc76139214][bookmark: _Toc76139264][bookmark: _Toc79071767][bookmark: _Toc79071818][bookmark: _Toc79072851][bookmark: _Toc79072903][bookmark: _Toc79077555][bookmark: _Toc79077613][bookmark: _Toc79077643][bookmark: _Toc79077701][bookmark: _Toc79077848][bookmark: _Toc79077906][bookmark: _Toc79079411][bookmark: _Toc79079464][bookmark: _Toc79079493][bookmark: _Toc79079546][bookmark: _Toc79083799][bookmark: _Toc79083852][bookmark: _Toc79097413][bookmark: _Toc79097466][bookmark: _Toc79097495][bookmark: _Toc79097548]For HARQ processes with enabled or disabled HARQ feedback, there is no need to change the start of drx-RetransmissionTimerDL. 

We note that in legacy, it is possible to not configure DRX at all, that is the UE will have to monitor the PDCCH continuously while in connected mode. We also note that it is possible to configure the HARQ RTT timer and retransmission timer for UL respectively DL or both UL and DL to zero, these possibilities shall remain in NTNs to allow full network flexibility in configuring the DRX. Thus, if offsets are added to any of the timers – then the value zero must still mean zero, alternatively the offset is only added to the timers if UE is configured for that (that is a flag that tells the UE to not add the offset to the timer).
[bookmark: _Toc75973753][bookmark: _Toc75973821][bookmark: _Toc76123751][bookmark: _Toc76123814][bookmark: _Toc76133842][bookmark: _Toc76133907][bookmark: _Toc76138038][bookmark: _Toc76138112][bookmark: _Toc76138150][bookmark: _Toc76138212][bookmark: _Toc76138853][bookmark: _Toc76138906][bookmark: _Toc76139215][bookmark: _Toc76139265][bookmark: _Toc79071768][bookmark: _Toc79071819][bookmark: _Toc79072852][bookmark: _Toc79072904][bookmark: _Toc79077556][bookmark: _Toc79077614][bookmark: _Toc79077644][bookmark: _Toc79077702][bookmark: _Toc79077849][bookmark: _Toc79077907][bookmark: _Toc79079412][bookmark: _Toc79079465][bookmark: _Toc79079494][bookmark: _Toc79079547][bookmark: _Toc79083800][bookmark: _Toc79083853][bookmark: _Toc79097414][bookmark: _Toc79097467][bookmark: _Toc79097496][bookmark: _Toc79097549]In NTNs, the offset value zero is available when drx-HARQ-RTT-TimerDL is extended by an offset. 
[bookmark: _Toc75973754][bookmark: _Toc75973822][bookmark: _Toc76123752][bookmark: _Toc76123815][bookmark: _Toc76133843][bookmark: _Toc76133908][bookmark: _Toc76138039][bookmark: _Toc76138113][bookmark: _Toc76138151][bookmark: _Toc76138213][bookmark: _Toc76138854][bookmark: _Toc76138907][bookmark: _Toc76139216][bookmark: _Toc76139266][bookmark: _Toc79071769][bookmark: _Toc79071820][bookmark: _Toc79072853][bookmark: _Toc79072905][bookmark: _Toc79077557][bookmark: _Toc79077615][bookmark: _Toc79077645][bookmark: _Toc79077703][bookmark: _Toc79077850][bookmark: _Toc79077908][bookmark: _Toc79079413][bookmark: _Toc79079466][bookmark: _Toc79079495][bookmark: _Toc79079548][bookmark: _Toc79083801][bookmark: _Toc79083854][bookmark: _Toc79097415][bookmark: _Toc79097468][bookmark: _Toc79097497][bookmark: _Toc79097550]In NTNs, the value zero is available for drx-RetransmissionTimerDL. 


The drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL
As noted above, in legacy the values zero are available for drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL. This possibility shall remain in NTNs, and there is no need to extend drx-RetransmissionTimerUL.
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[bookmark: _Toc75973756][bookmark: _Toc75973824][bookmark: _Toc76123754][bookmark: _Toc76123817][bookmark: _Toc76133845][bookmark: _Toc76133910][bookmark: _Toc76138041][bookmark: _Toc76138115][bookmark: _Toc76138153][bookmark: _Toc76138215][bookmark: _Toc76138856][bookmark: _Toc76138909][bookmark: _Toc76139218][bookmark: _Toc76139268][bookmark: _Toc79071771][bookmark: _Toc79071822][bookmark: _Toc79072855][bookmark: _Toc79072907][bookmark: _Toc79077559][bookmark: _Toc79077617][bookmark: _Toc79077647][bookmark: _Toc79077705][bookmark: _Toc79077852][bookmark: _Toc79077910][bookmark: _Toc79079415][bookmark: _Toc79079468][bookmark: _Toc79079497][bookmark: _Toc79079550][bookmark: _Toc79083803][bookmark: _Toc79083856][bookmark: _Toc79097417][bookmark: _Toc79097470][bookmark: _Toc79097499][bookmark: _Toc79097552]In NTNs, the value zero is available for drx-RetransmissionTimerUL. 

At RAN2#114-e the following was agreed:

Agreements via email (from offline 103):
1. 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).
2. drx-RetransmissionTimerDL timer length is not extended in NTN

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.

Some companies argue for starting the drx-RetransmissionTimerUL immediately after the PUSCH transmission to allow for blind retransmissions in case the drx-HARQ-RTT-TimerUL is disabled (this would be equivalent with using the value zero for drx-HARQ-RTT-TimerUL). This is not necessary, as the UE will anyway start (or restart) drx-InactivityTimer when receiving a grant for a new transmission allowing plenty of opportunities for opportunistic blind retransmissions. 
In case the RTT is very long as in GEO – it is not efficient to extend drx-RetransmissionTimerUL (nor drx-InactivityTimer), to allow blind retransmissions at any time (this would be similar to not configure DRX at all), as this will waste UE power. In such cases, we can utilize the drx-onDurationTimer for blind opportunistic retransmissions to reduce the energy consumption. 
Thus it is sufficient with two configurations (on top of legacy) for the drx-HARQ-RTT-TimerUL. 

[bookmark: _Toc79071772][bookmark: _Toc79071823][bookmark: _Toc79072856][bookmark: _Toc79072908][bookmark: _Toc79077560][bookmark: _Toc79077618][bookmark: _Toc79077648][bookmark: _Toc79077706][bookmark: _Toc79077853][bookmark: _Toc79077911][bookmark: _Toc79079416][bookmark: _Toc79079469][bookmark: _Toc79079498][bookmark: _Toc79079551][bookmark: _Toc79083804][bookmark: _Toc79083857][bookmark: _Toc79097418][bookmark: _Toc79097471][bookmark: _Toc79097500][bookmark: _Toc79097553][bookmark: _Ref75973737][bookmark: _Toc75973757][bookmark: _Toc75973825][bookmark: _Toc76123755][bookmark: _Toc76123818][bookmark: _Toc76133846][bookmark: _Toc76133911][bookmark: _Toc76138042][bookmark: _Toc76138116][bookmark: _Toc76138154][bookmark: _Toc76138216][bookmark: _Toc76138857][bookmark: _Toc76138910][bookmark: _Toc76139219][bookmark: _Toc76139269]In NTNs, per HARQ process ID two new options are supported for drx-HARQ-RTT-TimerUL 1) extend by an offset 2) disabled (timer not started). 
[bookmark: _Toc79079417][bookmark: _Toc79079470][bookmark: _Toc79079499][bookmark: _Toc79079552][bookmark: _Toc79083805][bookmark: _Toc79083858][bookmark: _Toc79097419][bookmark: _Toc79097472][bookmark: _Toc79097501][bookmark: _Toc79097554][bookmark: _Toc79071773][bookmark: _Toc79071824][bookmark: _Toc79072857][bookmark: _Toc79072909][bookmark: _Toc79077561][bookmark: _Toc79077619][bookmark: _Toc79077649][bookmark: _Toc79077707][bookmark: _Toc79077854][bookmark: _Toc79077912]Signalling is added to configure per HARQ process behaviour. When this new signal is not present, legacy behaviour for drx-HARQ-RTT-TimerUL apply. 

Further the legacy value zero should be possible to configure for drx-HARQ-RTT-TimerUL when it is extended by an offset to allow full network flexibility to configure wanted DRX behaviour. 
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Link adaptation for configured grants need to be more robust than for dynamic scheduling in order to decrease the frequency of configured grant reactivations and we may even configure the ConfiguredGrantConfig field repK larger than one (bundling). For configured grants, if drx-HARQ-RTT-TimerUL is disabled for a HARQ process, then neither the drx-InactivityTimer nor drx-HARQ-RTT-TimerUL (if Proposal 8 is agreed) will be started when the UE transmit PUSCH. This is a small drawback, as the gNB may not be able to send opportunistic blind retransmission grants to the UE, except when the UE is in Active Time for some other reason (like when drx-onDurationTimer is running).  To use blind retransmission grants for CG transmissions defeats the purpose of CGs, and can be replaced by bundling. If a new CG transmission is skipped, due to no data to transmit, then a blind retransmission grant addressed to CS-RNTI will be ignored. 

A better alternative to configured grants with opportunistic blind retransmissions is to use opportunistic dynamic grants with skip padding and opportunistic blind retransmissions. In this case, after a skipped first grant, a dynamic retransmission addressed to C-RNTI will result in a new transmission if data has arrived in the UE buffer before the retransmission grant is received. 

If drx-RetransmissionTimerUL is started after each PUSCH transmission, lots of UE energy will be wasted as most of the time there is no blind retransmission. 
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Logical Channel Prioritization
Potential changes to the logical channel prioritization (LCP) have been discussed since the start of the WI, the two most recent RAN2 meetings made the following agreements. 

RAN2#113bis 
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 
2. 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
4. 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.

LCP for MAC CEs
To change the LCP for MAC CEs have been discussed throughout the history of 3GPP, it was discussed for LAA in LTE, it was discussed in the NR-U WI and most recent in the IIoT WI. 

No LCP restrictions have ever been agreed on top of the prioritised order described in section 5.4.3.1.3 in the MAC spec. The reasons are 1) it is better to send them quickly rather than having restrictions that may delay them, 2) in normal operation HARQ do not fail (if it fails often, the gNB is doing something wrong) 3) complexity. In the IIoT WI it was even decided that the prio of MAC CEs is lower than that of LCH data when comparing priority of overlapping grants. 

Some important data may be lost with few (or zero) HARQ retransmissions (for example a BSR MAC CE will be cancelled when it is transmitted), but HARQ failure can happen in legacy too (but less common). For BSRs we can tune the retxBSR-Timer and the periodicBSR-Timer to counter a higher HARQ failure rate. 
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Is there any UL data that really require HARQ retransmissions? We do not think so. For example, for Configured Grant Confirmation MAC CE the gNB know if it is missing, BSR MAC CE have retxBSR-Timer that will resend BSRs, and RRC messages (and normal DRB data) can have RLC retransmissions. 
Thus, the consequences of HARQ failure for a MAC CE can be handled by the gNB. 
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Link adaptation and LCP for logical channel data
Link adaptation in NTNs will most likely aim at a lower block error rate (BLER) because the pathloss differences are smaller over a cell and the long RTT has severe drawbacks as retransmissions are delayed for long. A commonly used BLER in TNs is 10%, in NTNs the target may be as low as 1% or even lower, the low BLER will require more resources per transmission but the long delay incurred by retransmissions makes it worth it. Note that a blind retransmission is a bigger increase of transmission resources than using more robust coding for the first transmission, blind retransmissions have longer delay than robust coding but give better time diversity. 
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When some LCH data is sent using “wrong HP ID type”, if the gNB decodes the TB correctly, all is fine. If gNB fails to decode a TB, the gNB can immediately send an RLC status report (and possibly an UL grant) to trigger an early RLC retransmission (it does not matter if the lost TB have data that is more or less important, gNB knows it is lost). 
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For important LCHs, usually the RLC setting for polling (pollPDU, pollByte) will result in frequent polling. In the case a PDU is sent with the poll bit set and no status report is received and t-PollRetransmit expires, then the UE will retransmit the latest SDU (or transmit available new PDUs) with the poll bit sat in the header. Thus, HARQ failures can be handled by existing protocols. 
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By toggling or not toggling the NDI, the gNB control if an uplink grant will be for a retransmission or a new transmission. This is independent of if RAN2 decide to disable uplink HARQ retransmissions or not. 
As the gNB often knows what data the UE has from the BSRs and SRs (each LCH may have its own SR configuration) and from the received data in previous decoded TBs, the gNB can estimate the UE buffer content and schedule accordingly. If some data would require retransmissions, gNB can schedule and not reuse the HP ID until gNB has decoded the transmission correctly after zero or more retransmissions. Only when new data unexpectedly arrives in the UE buffer, there is unknown amount of data in the UE buffer. 
If LCHs are restricted to be transmitted only one of two HP ID types (for example one HP ID type where drx-HARQ-RTT-TimerUL is extended by an offset and another HP ID type where drx-HARQ-RTT-TimerUL is disabled), then data may be delayed until a grant with correct HP ID type arrives, this we call “wrong HP ID type” below. When grant type is indicated in the DCI using two PHY priority indexes and restricting some LCHs to only be transmitted on one PHY priority index, we also call this “wrong HP ID type” even though it is indicated in the DCI.
[bookmark: _Toc61352080][bookmark: _Toc61363868][bookmark: _Toc61387896][bookmark: _Toc61430015][bookmark: _Toc61536325][bookmark: _Toc61537030][bookmark: _Toc61537083][bookmark: _Toc61538466][bookmark: _Toc61539848][bookmark: _Toc61547746][bookmark: _Toc61549934][bookmark: _Toc61550004][bookmark: _Toc61559495][bookmark: _Toc61559544][bookmark: _Toc61559593][bookmark: _Toc61561624][bookmark: _Toc68051328][bookmark: _Toc68054698][bookmark: _Toc68058420][bookmark: _Toc68058608][bookmark: _Toc68058696][bookmark: _Toc68086909][bookmark: _Toc68089245][bookmark: _Toc68089616][bookmark: _Toc68092606][bookmark: _Toc68101272][bookmark: _Toc68102133][bookmark: _Toc68131955][bookmark: _Toc68132058][bookmark: _Toc68186226][bookmark: _Toc68194605][bookmark: _Toc68206650][bookmark: _Toc68206826][bookmark: _Toc68208200][bookmark: _Toc68208319][bookmark: _Toc68208429][bookmark: _Toc68210339][bookmark: _Toc71287088][bookmark: _Toc71290737][bookmark: _Toc71499410][bookmark: _Toc71509984][bookmark: _Toc71511174][bookmark: _Toc71512914][bookmark: _Toc71513584][bookmark: _Toc71515815][bookmark: _Toc71516044][bookmark: _Toc71516321][bookmark: _Toc71521264][bookmark: _Toc71521381][bookmark: _Toc71552877][bookmark: _Toc71553807][bookmark: _Toc71554018][bookmark: _Toc71576405][bookmark: _Toc71576502][bookmark: _Toc71576802][bookmark: _Toc71579736][bookmark: _Toc71581412][bookmark: _Toc71583023][bookmark: _Toc71583303][bookmark: _Toc71583404][bookmark: _Toc71583760][bookmark: _Toc75973770][bookmark: _Toc76123767][bookmark: _Toc76133858][bookmark: _Toc76138054][bookmark: _Toc76138166][bookmark: _Toc76138869][bookmark: _Toc76139229][bookmark: _Toc79071783][bookmark: _Toc79072868][bookmark: _Toc79077572][bookmark: _Toc79077660][bookmark: _Toc79077865][bookmark: _Toc79079429][bookmark: _Toc79079511][bookmark: _Toc79083817][bookmark: _Toc79097431][bookmark: _Toc79097513]Using an uplink HARQ process of “wrong HP ID type” will be a rare event as gNB can estimate what data the UE has in its buffer from SRs, BSRs and decoded received data or from a known traffic pattern. This is for the case of changed LCP, no change to LCP or using allowedPHY-PriorityIndex for LCP. 
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Legacy LCP without allowedPHY-PriorityIndex
As most of the time gNB knows what data the UE has and even when retransmissions is not used 90% of the transmissions will be successful (assuming link adaptation adjust for 10% BLER a common BLER target in TNs, likely BLER target will be much lower in NTNs), thus block errors will be rare. 
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The gNB is aware of the decoded data and failed decoding and can adapt the scheduling and/or link adaptation and/or the gNB estimation algorithm for UE buffer status. 
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See section 4.2 for more methods that the gNB can use to improve the communication without any change to the LCP. 

Legacy LCP with allowedPHY-PriorityIndex
In release 15 and 16 there are means to specify in LCP if a LCH may use a specific dynamic grant or configured grant and other parameters that affect the QoS for a LCH, see 38.321 section 5.4.3.1.1: 
RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:
-	allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
-	maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
-	configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;
-	allowedServingCells which sets the allowed cell(s) for transmission;
-	allowedCG-List which sets the allowed configured grant(s) for transmission;
-	allowedPHY-PriorityIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission.

For example, gNB may configure LCHs with less important data to use PHY priority index p0 and p1, while important LCHs are configured to only use priority index p1 and separate PUCCH SR resources (for gNB to distinguish between SR for low prio data and SRs for high prio data). Then the gNB may dynamically decide which PHY index (p0 or p1) to use for each grant. The gNB can select to only use a few HP IDs for p0 grants and reuse those HP IDs before an HARQ RTT has elapsed and the rest of the HP IDs can then be scheduled with p1 and HARQ retransmissions based on the UL decoding result. 
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Some have argued that using allowedPHY-PriorityIndex for differentiating grants with and without retransmissions will limit the possibilities of URLLC in NTNs. There is no mentioning of URLLC use case among scenarios in the TR nor in the WID. We think it is delusional to use NTNs for ultra-reliable low latency services when the minimum one-way delay in LEO is around 12.89 ms, but even if we do that then the URLLC bearer can anyway not use retransmissions, thus those bearers fit well into the category of data transmission where retransmissions are not used, and they can be made sufficiently robust by adding bundling that gives some time diversity as well as more robust coding. 
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LCP with new restrictions
Changing LCP to have some LCHs only allowed on one HP ID type means sometimes delaying data due to the UE receiving wrong HP ID type in a grant. Possibly we must then create a new Scheduling Request for this “SR for data requiring HARQ retransmissions” and/or “SR for data not requiring HARQ retransmissions” – otherwise the gNB may interpret a skipped transmission as if the UE has empty buffer (possibly this can be avoided if BSR is triggered when this happens and sent in the grant). 
If an LCH is not sent because a grant has the “wrong” type of HP ID, the data of that LCH will be delayed, probably it will require an SR for every time this happens to make the gNB aware. This will occur every time the gNB schedules with the “wrong” HP ID type, which on average will add longer delay than not changing LCP at all. 
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If gNB need to schedule important data with retransmissions, but the HARQ processes with retransmissions are all in use – the important data may be delayed. 
Splitting the HARQ processes into groups based on if retransmissions are enabled or disabled will require new management algorithms for this in the gNB (and signalling when redistribution of the HARQ processes is needed), but more serious is that if there are available resources in the gNB at the end of a data burst, the gNB may not be able to schedule a retransmission because the HARQ process was configured with ”disable uplink HARQ retransmissions” (leading to added delay at the burst end). 
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Summary of LCP discussion 
In summary, using allowedPHY-PriorityIndex to differentiate between grants will have a little better performance than introducing new LCP restrictions as it is more flexible (as each HARQ process can dynamically be selected to have retransmissions or not at each scheduling occasion). Using no change to LCP restrictions nor using allowedPHY-PriorityIndex is even simpler. Therefore, we propose to not change the LCP restrictions which allows at least two of the options companies have been arguing for without any changes to the specification. 
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HARQ in NTN
In this section we go through changes to HARQ handling and scheduling for support of NTNs.

Repetition transmission based HARQ 
At RAN2#114-e the following agreement was made:
3. Repetition transmission based HARQ retransmission is always allowed and is explicitly indicated per HARQ process via DCI (as in legacy).

This agreement is incorrect as it only considers part of the Rel-16 additions to bundling (bundling is called repetition in RAN1). There is also semi-static RRC configuration of bundling in Rel-15 (see repK, pdsch-AggregationFactor and pusch-AggregationFactor) and in Rel-16 for SPS (see pdsch-AggregationFactor-r16). As it may be very useful in NTNs, all options for bundling shall be supported. Therefore, we propose to revise the previous agreement. 
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[bookmark: _Ref68087703]Handling HARQ failures without HARQ retransmissions
If there are no HARQ retransmissions we must rely on link adaptation and RLC AM for robustness. Here we consider how to improve the communication by increasing the frequency of RLC status reports and by enabling the UE and gNB to faster detect that there are outstanding RLC AM SDUs that may need retransmission as well as increasing the gNB knowledge of the UE uplink buffer content. 
The gNB may tune the RLC parameters t-PollRetransmit, t-Reassembly, pollPDU, pollByte and t-StatusProhibit of each bearer to increase the frequency of status reports and handle the long RTT. 
For the DL, the gNB may proactively poll for RLC status reports more often to increase the number of status reports so that RLC retransmissions can be faster if a HARQ transmission fails. 
For the UL, the gNB may proactively send RLC status reports, for example if a HARQ transmission fails, however it is difficult for the gNB to know which LCH the failed data belongs to. 

Adding in-flight BSRs
To help the gNB in estimating what data is lost in transmissions to know which LCH to send RLC status reports for, we propose to add an “in-flight BSR”. The in-flight BSR shall report the RLC AM buffer status of RLC AM data that is waiting for RLC ACK/NACK (the data in RLC that will be retransmitted if an RLC NACK is received).
When the gNB receives the BSR with in-flight buffer indication it can compare the LCH data received with the in-flight buffer indication and deduce that data has been lost since the RLC entity has in-flight buffer but no data was received.
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For example, in uplink if RLC data lost by HARQ failure do not contain an RLC poll (not the last data in the RLC buffer), RLC receiver in gNB need to detect an outstanding RLC SN (if next transmission do not fail HARQ) and start t-Reassembly, then RLC t-Reassembly need to expire and gNB can send a status report. With the new BSR, the gNB can send an RLC status report immediately when a new BSR is received (for example when gNB knows some data was failed in HARQ, if gNB knows there is some data that is waiting a HARQ retransmission it can refrain from sending an early RLC status report), which may be at the same time as the t-Reassembly would be started in this example thus cutting at least the length of the t-Reassembly from the delay of the failed data. 

For example, in uplink if RLC data lost by HARQ failure contain an RLC poll (and it was the last data in the RLC buffer), the RLC transmitter in the UE would after t-PollRetransmit expires send a new poll (if UE has some new RLC data to send for the bearer, or blindly retransmit some RLC data waiting for RLC ACK/NACK if the RLC new/retransmission buffer is still empty) and the gNB would then reply with a RLC status report. With the new BSR, the gNB can send an RLC status report immediately if a new BSR is received, which may be long before t-PollRetransmit expires.

The in-flight BSR may be triggered periodically or triggered from the RLC entity (for example after a poll bit is sent then the following UL transmission can have an in-flight BSR in case the poll PDU failed in HARQ). It may be triggered after a certain number of HARQ transmissions.

Polling for BSR 
To improve the gNB knowledge of the data the UE has in the buffer, we can have the gNB poll for a BSR. 
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This will be beneficial if BSRs happens to fail in HARQ or gNB estimate of UE buffer content indicates the UE has data but the gNB did not receive any BSR lately. 

Efficient SR and BSR
One major hurdle for enabling faster uplink transmissions is for the UE to quickly request and receive uplink resources in order to transmit its UL message. There are currently a set of options to reduce the latency until the UE can make use of the uplink resources. One option is for the UE to make use of SR request on PUCCH resources. 
The sr-ProhibitTimer
3. Extend the timer length of sr-ProhibitTimer (FFS on the details)

For the case that we rely on the SR-BSR procedure, we need to adjust the sr-ProhibitTimer to handle the large RTT of NTNs. 
For prioritized services the gNB may configure the UEs to send multiple SRs during an RTT to decrease the delay in case the gNB do not detect the first SR, This legacy possibility is not an optimization for NTNs – it is a legacy function that shall be possible also in NTNs. Therefore in NTNs, this timer shall be extended with higher values in the value range including values lower than the RTT, alternatively extend the timer with a factor times an RTT offset value where the factor may take values below one. 
It is not sufficient to say that RAN1 can address any reliability issues with SRs. There will always be cases with varying interference that is not fully controllable by the network (say a number of UEs in neighbouring cells starts their transmissions and create intermittent interference, this can theoretically be solved by gNBs exchanging information when scheduling different cells but that comes at a large cost in signalling and possibly delay for the scheduler to await information from neighbours). 
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2-step Random access for BSR
The SR-BSR procedure takes at least two HARQ RTTs before the gNB send the UE a grant based on the BSR. We may provide the UE with a configured grant, where the UE can send its buffer status at an early stage. But configured grant requires a lot of resources with short periodicity in order to reduce the delays, which may be wasteful. 
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An alternative could be to use the 2-step random access procedure i.e. to utilize the preconfigured contentious 2-step RA resources to allow for transmission of BSR when the UE does not have any PUSCH resources. Compared to configured grant, this can be more resource-efficient due to the fact that several UEs can be multiplexed on the same 2-step RA resources, allowing for more frequent MsgA PUSCH allocations which in-turn allows for faster network scheduling due to that the buffer status report reaching the gNB in a shorter time compared to the SR-BSR procedure.
This can be achieved in different ways, for example by letting a triggered BSR trigger a 2-step RA, or by letting an SR due to BSR trigger a 2-step RA. By not configuring PUCCH SR resources and having an TB size for MsgA that can accommodate the C-RNTI MAC CE and the BSR MAC CE, the UE will send BSR in MsgA. We observe
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[bookmark: _Ref68089519]DRX enhancements for NTN
The DRX is about when the UE shall monitor PDCCH and the UE may save energy if it does not need to monitor PDCCH. Here we discuss some further issues with DRX. 

Discussion on UE Active time
The UE is required to monitor the PDCCH when the UE is in Active time. When in Active time, the UE is also required to monitor the PDCCH continuously and is thus reachable from the network. Part of the times when the UE is active, are controlled by timers configured by the network such as C-DRX related timers and RA related timers. A UE with a C-DRX configuration can leave active time and discontinuously monitor the PDCCH to save energy. 
During the Rel-16 SI on NTN, it was acknowledged that an NTN UE will need an offset for the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, to allow the UE not to enter Active time too soon and to avoid monitoring the PDCCH in vain. The UE is also allowed to enter Active time triggered by certain events. See below, pasted from TS 38.321:
------------------------------------------------------------------------------------------------------------
When a DRX cycle is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).
------------------------------------------------------------------------------------------------------------
When a UE has a sent an SR, and it is pending, it will enter Active time and start monitoring the PDCCH as described in the yellow highlighted part above. Given the large RTT of an NTN, the UE can’t expect a response to the SR until RTT ms has elapsed.
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Figure 18. Example of the active time period after sending SR.
Following the proposed way of handling DRX and RA timers, it is proposed to introduce an offset to when a UE should enter Active time and start monitoring for a response to an SR. Meanwhile, the UE should make use of DRX and thus be reachable by the network while waiting for the response to the SR. 
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When uplink and downlink are aligned in the gNB, we can start the monitoring of PDCCH based on the DL timing instead of using an offset after sending the SR (using for example the used Timing Advance as offset) as this gives the exact timing for the DL.
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When the UE performs CFRA it will not start the contention resolution timer that controls the PDCCH monitoring during CBRA. Thus, the green highlighted part above, from TS 38.321, requires the UE to enter Active time and start the monitoring of the PDCCH. As such, and similar as for sending SR, the UE will enter Active time and start monitoring the PDCCH already after receiving Msg2 (RAR). For CFRA, the UL message sent on PUSCH, according to the grant received in the RAR, is by the network seen as an acknowledgment that the UE received the RAR message and the network will typically not schedule the UE before the granted transmission in the RAR message has been received. Given the RTT of an NTN, the UE will therefore not receive a response until at least RTT ms has elapsed.
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We propose to introduce a configurable offset to when a UE should enter Active time when doing CFRA. When the UE has sent the PUSCH message as granted in the received RAR, it would not expect a response until RTT ms have elapsed if the network does not schedule the UE in the meantime. Thus, the UE can offset the start of the active time by RTT ms. 
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Thus, if gNB intends to wait for the msg3 as an ACK that the UE have received the RAR before it schedules the UE, then gNB can configure the UE to save energy after sending msg3 by not monitoring PDCCH until the corresponding DL slot.
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Discussion on HARQ and DRX for NTN
Existing DRX and HARQ procedures at the PHY/MAC layer have been designed for terrestrial networks where the round-trip propagation delay is typically restricted to be within 1ms. With existing HARQ protocol, the transmitting side needs to wait for the feedback from the receiving side before the HARQ process ID can be reused to retransmit or to send new data. This stop-and-wait (SAW) procedure introduces inherent latency to the communication protocol, which may reduce the link throughput. To alleviate this issue, the existing HARQ procedure allows activating multiple HARQ processes with different IDs at the transmitter (N-SAW). That is, the transmitter may initiate multiple transmissions in parallel without having to wait for each individual HARQ process’s acknowledgment. For example, in NR with a maximum of 16 HARQ process IDs, the gNB may send 16 DL transport blocks on separate HARQ processes without waiting for an acknowledgment. If the RTT is longer than 16 slots (assuming each slot is scheduled with on HARQ process), the NW must stall future DL TBs until feedback is received. When this HARQ stalling occurs, also the UE needs to wait about RTT milliseconds before any new or retransmitted TBs can be received and will thus monitor the PDCCH in vain, draining the UE battery. 
With disabled HARQ feedback for DL transmissions, this HARQ stalling and wasted monitoring of PDCCH is avoided. Similarly, a few uplink HARQ processes can be used for continuously transmissions in uplink and the HARQ stalling is avoided. The PDCCH monitoring due to drx-HARQ-RTT-TimerDL(UL) expiring and starting drx-RetransmissionTimerDL(UL) is further discussed in the following sections. 

[bookmark: _Hlk67516856]On DRX with HARQ enabled
When reliability is prioritized over bitrate and for delay insensitive traffic scenarios, the HARQ protocol is still seen as a needed framework to ensure correctly received and acknowledged packets. In these cases, HARQ stalling will be seen whenever the RTT (in slots) are larger than the available number of HARQ processes. The last DCI received on PDCCH with the NDI toggled to indicate new data will restart the drx-InactivityTimer, controlling the length of PDCCH monitoring before entering DRX. If the most recently received DCI makes use of the last available HARQ process ID, the UE will be stalled, and no new data will be received until RTT ms has elapsed from when the oldest, not yet acknowledged, HARQ process ID was received (see Figure 19.). Since the drx-InactivityTimer is running, the UE will be forced to monitor the PDCCH in vain, wasting energy (see Figure 20). This monitoring can be minimized by always sending a MAC CE in the DL TB using the last available HARQ process ID, forcing the UE to enter DRX. This would however cause some overhead to be sent every x configured HARQ process IDs, which might be undesirable when the HARQ process IDs are limited. 
[image: ]
[bookmark: _Ref45719785][bookmark: _Hlk20398835]Figure 19. Stalling due to limited number of HARQ processes.
To allow the UE not to monitor the PDCCH in vain when HARQ staling occurs, the UE should be allowed to enter DRX upon detecting the stalling conditions, i.e. when all configured HARQ process IDs have been received. This would enable energy savings by not forcing the UE to monitor the PDCCH while the drx-InactivityTimer is running while the stalling condition is true.
[bookmark: _Toc12432181][bookmark: _Toc16769394][bookmark: _Toc16787530][bookmark: _Toc20399770][bookmark: _Toc20863318][bookmark: _Toc20996211][bookmark: _Toc21034084][bookmark: _Toc23155780][bookmark: _Toc23238217][bookmark: _Toc23798446][bookmark: _Toc23845115][bookmark: _Toc47371081][bookmark: _Toc47391762][bookmark: _Toc47443233][bookmark: _Toc47540194][bookmark: _Toc47615488][bookmark: _Toc47657076][bookmark: _Toc47657248][bookmark: _Toc47657463][bookmark: _Toc53499482][bookmark: _Toc53535129][bookmark: _Toc53535182][bookmark: _Toc53535200][bookmark: _Toc53562253][bookmark: _Toc54091109][bookmark: _Toc54136744][bookmark: _Toc54185078][bookmark: _Toc54220483][bookmark: _Toc54220605][bookmark: _Toc54260575][bookmark: _Toc61339299][bookmark: _Toc61352102][bookmark: _Toc61363894][bookmark: _Toc61387922][bookmark: _Toc61430041][bookmark: _Toc61536357][bookmark: _Toc61537062][bookmark: _Toc61537115][bookmark: _Toc61538498][bookmark: _Toc61539880][bookmark: _Toc61547778][bookmark: _Toc61549967][bookmark: _Toc61550033][bookmark: _Toc61559524][bookmark: _Toc61559573][bookmark: _Toc61559622][bookmark: _Toc61561653][bookmark: _Toc68051362][bookmark: _Toc68054734][bookmark: _Toc68058461][bookmark: _Toc68058648][bookmark: _Toc68058725][bookmark: _Toc68084296][bookmark: _Toc68086937][bookmark: _Toc68086973][bookmark: _Toc68089273][bookmark: _Toc68089309][bookmark: _Toc68089644][bookmark: _Toc68089680][bookmark: _Toc68092634][bookmark: _Toc68092670][bookmark: _Toc68101300][bookmark: _Toc68101336][bookmark: _Toc68102161][bookmark: _Toc68102197][bookmark: _Toc68131983][bookmark: _Toc68132019][bookmark: _Toc68132085][bookmark: _Toc68132120][bookmark: _Toc68186254][bookmark: _Toc68186285][bookmark: _Toc68194633][bookmark: _Toc68194664][bookmark: _Toc68206678][bookmark: _Toc68206704][bookmark: _Toc68206854][bookmark: _Toc68206880][bookmark: _Toc68208228][bookmark: _Toc68208253][bookmark: _Toc68208347][bookmark: _Toc68208372][bookmark: _Toc68208457][bookmark: _Toc68208482][bookmark: _Toc68210367][bookmark: _Toc68210392][bookmark: _Toc71287116][bookmark: _Toc71287144][bookmark: _Toc71290765][bookmark: _Toc71290791][bookmark: _Toc71499438][bookmark: _Toc71499464][bookmark: _Toc71510016][bookmark: _Toc71510046][bookmark: _Toc71511208][bookmark: _Toc71511238][bookmark: _Toc71512946][bookmark: _Toc71512975][bookmark: _Toc71513616][bookmark: _Toc71513645][bookmark: _Toc71515847][bookmark: _Toc71515876][bookmark: _Toc71516076][bookmark: _Toc71516107][bookmark: _Toc71516353][bookmark: _Toc71516380][bookmark: _Toc71521298][bookmark: _Toc71521325][bookmark: _Toc71521415][bookmark: _Toc71521442][bookmark: _Toc71552911][bookmark: _Toc71552938][bookmark: _Toc71553841][bookmark: _Toc71553868][bookmark: _Toc71554052][bookmark: _Toc71554079][bookmark: _Toc71576445][bookmark: _Toc71576474][bookmark: _Toc71576542][bookmark: _Toc71576571][bookmark: _Toc71576842][bookmark: _Toc71576871][bookmark: _Toc71579776][bookmark: _Toc71579805][bookmark: _Toc71581452][bookmark: _Toc71581481][bookmark: _Toc71583063][bookmark: _Toc71583092][bookmark: _Toc71583345][bookmark: _Toc71583376][bookmark: _Toc71583441][bookmark: _Toc71583472][bookmark: _Toc71583797][bookmark: _Toc71583828][bookmark: _Toc75973808][bookmark: _Toc75973846][bookmark: _Toc76123803][bookmark: _Toc76123837][bookmark: _Toc76133896][bookmark: _Toc76133931][bookmark: _Toc76138092][bookmark: _Toc76138136][bookmark: _Toc76138192][bookmark: _Toc76138232][bookmark: _Toc76138895][bookmark: _Toc76138926][bookmark: _Toc76139254][bookmark: _Toc76139282][bookmark: _Toc79071808][bookmark: _Toc79071837][bookmark: _Toc79072893][bookmark: _Toc79072922][bookmark: _Toc79077603][bookmark: _Toc79077633][bookmark: _Toc79077691][bookmark: _Toc79077721][bookmark: _Toc79077896][bookmark: _Toc79077926][bookmark: _Toc79079454][bookmark: _Toc79079483][bookmark: _Toc79079536][bookmark: _Toc79079565][bookmark: _Toc79083842][bookmark: _Toc79083871][bookmark: _Toc79097456][bookmark: _Toc79097485][bookmark: _Toc79097538][bookmark: _Toc79097567][bookmark: _Hlk67516877]Allow the UE to enter DRX when HARQ stalling occurs.
For NTN with long RTTs and commonly used values configured for the drx-InactivityTimer, the UE will enter DRX due to HARQ stalling when the drx-InactivityTimer expires. As the end of a RTT, as seen from the oldest not yet acknowledged HARQ process ID, will not in general coincide with a multiple of the UE configured DRX cycles (see Figure 20), the network will need to delay the next to be transmitted packet to the first available onDuration period after that RTT milliseconds have elapsed, causing an extra unnecessary delay introduced by DRX.
[image: ]
[bookmark: _Ref45719891]Figure 20. Unnecessary energy consumption and extra delay caused by DRX in NTN due to HARQ stalling.
If a longer DRX cycle is used to minimize the monitoring and the energy consumption, the delay due to DRX could be in the order of the RTT. Since the RTT of an NTN is significant, RAN2 should discuss how to minimize this delay.
It has been agreed that an offset is added to the HARQ RTT timers. For the UL, the retransmission timer is always started when the HARQ-RTT-UL expires and will make the UE monitor the PDCCH during the time of the retransmission timer and would probably solve the problem of the extra delay added by the use of DRX. But in the DL, the retransmission timer is only started if a decoding error has occurred and thus, if no error occurred, the UE will not start the retransmission timer and will not wake up to monitor the PDCCH even if an offset is used for the HARQ RTT.
So, in DL, a short DRX cycle will lead to that the UE monitors the PDCCH in vain during its onDuration periods but minimizes the time between the end of the RTT and the first available onDuration. A long DRX cycle avoids unnecessary monitoring during the RTT but will with high probability introduce a delay in the same order as the RTT which should be avoided. 
One way to resolve this would be to allow the UE to wake up RTT milliseconds after the first not yet acknowledged DL TB was received regardless if this coincides with the UE onDuration period or not (see Figure 20). This would avoid the extra delay caused by DRX and enable the network to send new DCIs on PDCCH as soon as RTT milliseconds have elapsed.
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Configured grant
For a configured grant configuration, the gNB may configure configuredGrantTimer or not. 
If configuredGrantTimer is configured for a CG-config, it means HARQ processes will not be used for a new CG transmission while it is running, and this allows the gNB to schedule retransmissions of that HP ID, if needed.
If configuredGrantTimer is not configured for a CG-config, it means HARQ processes can be used for new CG transmission at any point in time, retransmissions of a HP ID may not be possible except if periodicity is longer than the HARQ RTT.
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There is one issue with CG, if a blind retransmission grant is received – then the configuredGrantTimer (if configured) is restarted, thus blind retransmissions means the next new transmission is delayed. This is not a big issue as it is always better to configure the CG with robust modulation and coding to avoid having to send new CG activations to update the robustness, and also sending blind retransmissions uses PDCCH resources which defeats the purpose of configured grants. If blind retransmissions are needed, then configured grants is anyway not useful as no PDCCH resources are saved and a blind retransmission grant may arrive at the UE when the UE skipped transmission because of no data to send. 

As RAN1 have agreed to increase the maximum number of HARQ processes, we need to update the following parameters in ConfiguredGrantConfig:
    nrofHARQ-Processes                  INTEGER(1..16),
    harq-ProcID-Offset-r16                  INTEGER (0..15)            OPTIONAL,   -- Need M
    harq-ProcID-Offset2-r16                 INTEGER (0..15)            OPTIONAL,   -- Need M

For example
    nrofHARQ-Processes-r17                  INTEGER(1..32)             OPTIONAL,   -- Need M

    harq-ProcID-Offset-r17                  INTEGER (0..31)            OPTIONAL,   -- Need M
    harq-ProcID-Offset2-r17                 INTEGER (0..31)            OPTIONAL,   -- Need M
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In the case that the periodicity of a configured grant is short and the RTT is long in comparison to the periodicity, for example in GEO, it may not possible to configure the configuredGrantTimer to cover a full RTT. One use case for such a configuration is to have a CG for BSRs, for example a short periodicity of 5 ms and allowedCG-List to disallow all LCHs from using this CG, then the maximum value for configuredGrantTimer of 64 times periodicity is only 320 ms which is much shorter than the HARQ RTT in GEO.
From RRC spec: 
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                INTEGER (1..64)                                                         OPTIONAL,   -- Need R

	configuredGrantTimer
Indicates the initial value of the configured grant timer (see TS 38.321 [3]) in multiples of periodicity. When cg-RetransmissonTimer is configured, if HARQ processes are shared among different configured grants on the same BWP, configuredGrantTimer * periodicity is set to the same value for the configurations that share HARQ processes on this BWP.

	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
60 kHz with normal CP	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP:	2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
120 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}

	periodicityExt
This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field periodicity is ignored.
The following periodicites are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 640.
30 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP:	periodicityExt*14, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	periodicityExt*12, where periodicityExt has a value between 1 and 2560.
120 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 5120.
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Semi-persistent scheduling
When semi-persistent scheduling (SPS) is configured in NTNs, we can use the already agreed methods to enable/disable HARQ feedback per HP ID. Thus, we can configure the HP IDs of configured downlink assignment were some HP IDs are with HARQ feedback and some without. 
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In 38.321 we have:
3>	if PDCCH contents indicate SPS deactivation:
4>	clear the configured downlink assignment for this Serving Cell (if any);
4>	if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ feedback is to be transmitted, is running:
5>	indicate a positive acknowledgement for the SPS deactivation to the physical layer.
While in 38.213 we have:
A UE is expected to provide HARQ-ACK information in response to a SPS PDSCH release after  symbols from the last symbol of a PDCCH providing the SPS PDSCH release.
When SPS is configured and HARQ feedback happens to be disabled for one or more HP IDs, there is a question on how HARQ feedback shall be interpreted in the case of SPS deactivation. 
In the DCI for SPS activation/deactivation with multiple SPS configurations, the HP ID field is used for indicating the sps-ConfigIndex.
We think the correct interpretation of the SPS deactivation is that the DCI is not related to any HP ID, and thus the HARQ feedback shall always be sent from the UE (for the gNB to know the UE have received an SPS deactivation).
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As RAN1 have increased the maximum number of HARQ processes, we need to update the following parameters in SPS-Config:
    nrofHARQ-Processes              INTEGER (1..8),

    harq-ProcID-Offset-r16          INTEGER (0..15)                 OPTIONAL,   -- Need R

For example
    nrofHARQ-Processes-r17              INTEGER (1..32)                 OPTIONAL,   -- Need R

    harq-ProcID-Offset-r17          INTEGER (0..31)                 OPTIONAL,   -- Need R
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Conclusion
[bookmark: _Hlk16780604]Here we present a combined list of the observations and proposals, and after it there is a list of only the proposals.
Observation 1	The purpose of the timers drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is to control start of the timers drx-RetransmissionTimerDL and drx-RetransmissionTimerUL respectively.
Observation 2	The purpose of the timers drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is not to limit the UEs ability of reception of assignments or grants for certain HARQ processes.
Proposal 1	The current RAN2 specification does not need to be updated to enable sending DL assignments, with NDI toggled or not toggled, for a HARQ process having drx-HARQ-RTT-TimerDL running.
Proposal 2	The current RAN2 specification does not need to be updated to enable sending UL grants, with NDI toggled or not toggled, for a HARQ process having drx-HARQ-RTT-TimerUL running.
Proposal 3	For HARQ processes with enabled or disabled HARQ feedback, there is no need to change the start of drx-RetransmissionTimerDL.
Proposal 4	In NTNs, the offset value zero is available when drx-HARQ-RTT-TimerDL is extended by an offset.
Proposal 5	In NTNs, the value zero is available for drx-RetransmissionTimerDL.
Proposal 6	drx-RetransmissionTimerUL timer length is not extended in NTN.
Proposal 7	In NTNs, the value zero is available for drx-RetransmissionTimerUL.
Proposal 8	In NTNs, per HARQ process ID two new options are supported for drx-HARQ-RTT-TimerUL 1) extend by an offset 2) disabled (timer not started).
Proposal 9	Signalling is added to configure per HARQ process behaviour. When this new signal is not present, legacy behaviour for drx-HARQ-RTT-TimerUL apply.
Proposal 10	In NTNs, the offset value zero is available when drx-HARQ-RTT-TimerUL is extended by an offset.
Proposal 11	There is no need to change the start of drx-RetransmissionTimerUL in NTNs.
Observation 3	In legacy, UL HARQ failure can happen.
Observation 4	Consequences of HARQ failure for MAC CEs are acceptable.
Observation 5	There is no uplink MAC CE that always require HARQ retransmissions.
Observation 6	LCP restrictions for MAC CEs have been discussed in LTE LAA, NR-U and NR IIoT work item without any changes agreed. The NTN WI is not the right place to discuss such changes.
Proposal 12	No new LCP restrictions for MAC CEs are introduced in NTNs.
Observation 7	Blind retransmissions waste more resources and have higher average delay than robust coding for the first transmission.
Observation 8	If UL decoding fails, gNB implementation can proactively send an RLC status report to trigger early RLC retransmission.
Observation 9	Consequences of HARQ failure for LCHs are acceptable.
Observation 10	There is no uplink LCHs that always require HARQ retransmissions.
Observation 11	Using an uplink HARQ process of “wrong HP ID type” will be a rare event as gNB can estimate what data the UE has in its buffer from SRs, BSRs and decoded received data or from a known traffic pattern. This is for the case of changed LCP, no change to LCP or using allowedPHY-PriorityIndex for LCP.
Observation 12	When new data arrives in the buffer and the UE already have a grant or receive a grant before an SR or new BSR reaches the gNB and gNB acts on it and the correct grant arrives at the UE, then “wrong HP ID type” may happen. This will delay the data, but if no restrictions are used the data will not be delayed except if HARQ fails.
Observation 13	Block errors when scheduling data without retransmissions will be rare.
Observation 14	The gNB detects failed decoding and can improve scheduling and/or link adaptation and/or the estimation of the UE buffer status.
Observation 15	Legacy parameters allow reserving a certain type of grant for some LCHs and to control the QoS of each LCH – the same behaviour as proponents of changes to LCP restrictions are proposing.
Observation 16	There is no mentioning of URLLC or IIoT services in the TR nor in the WID, thus those use cases are outside of the scope of this WI.
Observation 17	URLLC can be supported in parallel with differentiating allowedPHY-PriorityIndex for HARQ processes with or without retransmissions.
Observation 18	Changing the LCP procedure to restrict LCHs to only use HP IDs with or without retransmissions will incur delay and possibly require new type of SRs for LCHs blocked in LCP.
Observation 19	Splitting uplink HARQ processes in two groups limit gNB scheduling flexibility and may incur increased delay at the end of a data burst. It also leads to signalling overhead for configuring and manage the two groups.
Proposal 13	No new LCP restrictions for LCHs are introduced in NTNs.
Proposal 14	Repetition transmission based HARQ retransmission is always allowed and is explicitly indicated via DCI, or semi-statically with RRC signalling (for dynamic scheduling, CG and SPS) (as in legacy). Note, this revises the previous agreement.
Proposal 15	Add an in-flight BSR to report the amount of RLC AM data that is waiting for an RLC status report.
Proposal 16	Add an indication from the gNB to the UE that it shall send a BSR or an in-flight BSR or both.
Proposal 17	The values added to sr-ProhibitTimer in NTN shall include values lower than the round-trip time.
Observation 20	Using configured grant to handle BSRs may not be resource-efficient.
Observation 21	SR due to BSR can trigger a 2-step RA, if we do not configure PUCCH SR resources. BSR will then be included in MsgA if grant is big enough.
Observation 22	With current DRX procedure, the UE will monitor the PDCCH in vain for RTT ms after sending an SR.
Proposal 18	For DRX in NTN, in the case that a UE sends an SR, the UE enters Active time to monitor for a response after an offset time has elapsed.
Proposal 19	When UL and DL are aligned in the gNB, the UE shall start monitoring the PDCCH in the downlink symbol that has the same symbol number, slot number and system frame number as the first uplink symbol after the end of the Scheduling Request transmission.
Observation 23	If monitoring the PDCCH after Scheduling Request transmission is not as described in Proposal 19 then the UE need a timing offset that risk monitoring late or early.
Observation 24	For CFRA, the network typically waits to receive msg3 granted in the RAR, as an acknowledgment that the UE has received the RAR, before it schedules the UE.
Observation 25	With current DRX procedure, after receiving the RAR message for CFRA, the UE will monitor the PDCCH in vain for at least RTT ms if the network does not schedule the UE in the meantime.
Proposal 20	In the case that a UE sends msg3 as response to a RAR message during CFRA, the UE enters Active time when an offset time has elapsed.
Proposal 21	When UL and DL are aligned in the gNB and the UE sends msg3 as response to a RAR message during CFRA, the UE can be configured to start monitoring the PDCCH in the downlink symbol that has the same symbol number, slot number and system frame number as the first uplink symbol after the end of the PUSCH transmission.
Observation 26	If monitoring the PDCCH after msg3 transmission in CFRA is not as described in Proposal 21 then the UE need a timing offset that risk monitoring late or early or it will waste energy by always monitoring.
Proposal 22	Allow the UE to enter DRX when HARQ stalling occurs.
Proposal 23	The UE shall wake up after RTT ms regardless of DRX state to minimize the delay introduced by DRX and HARQ stalling
Observation 27	Configured grants can be configured with or without HARQ retransmissions in Rel-15.
Proposal 24	The ConfiguredGrantConfiguration shall allow for up to 32 number of HARQ processes, and up to 31 in harq-ProcID-Offset and harq-ProcID-Offset2.
Proposal 25	Extend configuredGrantTimer to cover the RTT in GEO also when periodicity is short.
Observation 28	DL SPS can use the already agreed method of enabling/disabling HARQ feedback in NTNs.
Proposal 26	HARQ feedback shall always be sent for SPS deactivation.
Proposal 27	The SPS-Config shall allow for up to 32 number of HARQ processes, and up to 31 in harq-ProcID-Offset.


Here is a list of the proposals made: 
Proposal 1	The current RAN2 specification does not need to be updated to enable sending DL assignments, with NDI toggled or not toggled, for a HARQ process having drx-HARQ-RTT-TimerDL running.
Proposal 2	The current RAN2 specification does not need to be updated to enable sending UL grants, with NDI toggled or not toggled, for a HARQ process having drx-HARQ-RTT-TimerUL running.
Proposal 3	For HARQ processes with enabled or disabled HARQ feedback, there is no need to change the start of drx-RetransmissionTimerDL.
Proposal 4	In NTNs, the offset value zero is available when drx-HARQ-RTT-TimerDL is extended by an offset.
Proposal 5	In NTNs, the value zero is available for drx-RetransmissionTimerDL.
Proposal 6	drx-RetransmissionTimerUL timer length is not extended in NTN.
Proposal 7	In NTNs, the value zero is available for drx-RetransmissionTimerUL.
Proposal 8	In NTNs, per HARQ process ID two new options are supported for drx-HARQ-RTT-TimerUL 1) extend by an offset 2) disabled (timer not started).
Proposal 9	Signalling is added to configure per HARQ process behaviour. When this new signal is not present, legacy behaviour for drx-HARQ-RTT-TimerUL apply.
Proposal 10	In NTNs, the offset value zero is available when drx-HARQ-RTT-TimerUL is extended by an offset.
Proposal 11	There is no need to change the start of drx-RetransmissionTimerUL in NTNs.
Proposal 12	No new LCP restrictions for MAC CEs are introduced in NTNs.
Proposal 13	No new LCP restrictions for LCHs are introduced in NTNs.
Proposal 14	Repetition transmission based HARQ retransmission is always allowed and is explicitly indicated via DCI, or semi-statically with RRC signalling (for dynamic scheduling, CG and SPS) (as in legacy). Note, this revises the previous agreement.
Proposal 15	Add an in-flight BSR to report the amount of RLC AM data that is waiting for an RLC status report.
Proposal 16	Add an indication from the gNB to the UE that it shall send a BSR or an in-flight BSR or both.
Proposal 17	The values added to sr-ProhibitTimer in NTN shall include values lower than the round-trip time.
Proposal 18	For DRX in NTN, in the case that a UE sends an SR, the UE enters Active time to monitor for a response after an offset time has elapsed.
Proposal 19	When UL and DL are aligned in the gNB, the UE shall start monitoring the PDCCH in the downlink symbol that has the same symbol number, slot number and system frame number as the first uplink symbol after the end of the Scheduling Request transmission.
Proposal 20	In the case that a UE sends msg3 as response to a RAR message during CFRA, the UE enters Active time when an offset time has elapsed.
Proposal 21	When UL and DL are aligned in the gNB and the UE sends msg3 as response to a RAR message during CFRA, the UE can be configured to start monitoring the PDCCH in the downlink symbol that has the same symbol number, slot number and system frame number as the first uplink symbol after the end of the PUSCH transmission.
Proposal 22	Allow the UE to enter DRX when HARQ stalling occurs.
Proposal 23	The UE shall wake up after RTT ms regardless of DRX state to minimize the delay introduced by DRX and HARQ stalling
Proposal 24	The ConfiguredGrantConfiguration shall allow for up to 32 number of HARQ processes, and up to 31 in harq-ProcID-Offset and harq-ProcID-Offset2.
Proposal 25	Extend configuredGrantTimer to cover the RTT in GEO also when periodicity is short.
Proposal 26	HARQ feedback shall always be sent for SPS deactivation.
Proposal 27	The SPS-Config shall allow for up to 32 number of HARQ processes, and up to 31 in harq-ProcID-Offset.
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