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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 [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 give an overview of the user plane issues in adapting NR to NTN, besides random access that is handled in a companion paper [3].
Efficient UL scheduling and latency reduction
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. 
SR-BSR procedure
If the UE buffer status changes and a BSR is triggered to be sent to the network, the UE first needs to acquire UL resources to send the BSR. If the UE does not have any PUSCH resources to transmit the BSR and has no ongoing DL signaling with accompanying PUCCH resources, the UE must send a scheduling request, SR, if configured for the UE, otherwise the UE shall use the random access procedure to request UL resources. 
The SR-BSR framework is commonly used but the problem related to this is that it takes several steps before the network is made aware of the buffer status and even longer before the network can properly schedule the UE. This is seen in Figure 1 where it takes 4 steps before the UE can be scheduled properly according to the buffer size. 
[image: ]
Figure 1. Propagation and processing delays. 

While this procedure has advantages such as resource efficiency due to the fact that the network will not over-provision UE resources when not needed, there are several cases where the number of steps could result in undesired delay. Since each step is associated with a propagation delay, the total delay for NTN with long RTT may have a profound impact on the overall delay.  
[bookmark: _Toc32317477][bookmark: _Toc45617263][bookmark: _Toc45617372][bookmark: _Toc45617405][bookmark: _Toc47371066][bookmark: _Toc47391747][bookmark: _Toc47443216][bookmark: _Toc47540179][bookmark: _Toc47615473][bookmark: _Toc47657061][bookmark: _Toc47657235][bookmark: _Toc47657450]The SR-BSR procedure may introduce a large scheduling delay due to long RTT in NTN.
2-step Random access for BSR
Instead of utilizing the SR-BSR procedure, it would be beneficial for the UE to signal the buffer status at an earlier stage compared to what is currently possible. This could for instance be done by utilizing configured grant, where the UE can send its buffer status at an early stage. But the issue with configured grant is that this requires a lot of resources with short periodicity in time in order to reduce delays. 
[bookmark: _Toc32317478][bookmark: _Toc45617264][bookmark: _Toc45617373][bookmark: _Toc45617406][bookmark: _Toc47371067][bookmark: _Toc47391748][bookmark: _Toc47443217][bookmark: _Toc47540180][bookmark: _Toc47615474][bookmark: _Toc47657062][bookmark: _Toc47657236][bookmark: _Toc47657451]Using configured grant to handle BSRs may not be resource-efficient.
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 could be a more resource-efficient method for performing access resource requests due to the fact that several UEs could 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 can be made available in a shorter time compared to the SR-BSR procedure.  
[bookmark: _Toc32437097][bookmark: _Toc45617270][bookmark: _Toc45617359][bookmark: _Toc47371076][bookmark: _Toc47391757][bookmark: _Toc47443226][bookmark: _Toc47540190][bookmark: _Toc47615484][bookmark: _Toc47657072][bookmark: _Toc47657244][bookmark: _Toc47657459]Allow a BSR to be transmitted using the 2-step RA framework.


HARQ in NTN
TR 38.821 Error! Reference source not found. states that the enabling / disabling of HARQ feedback should be configurable on a per UE, per HARQ process and (for UL) per LCH basis and in the justification of the WID, [2], it says:
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
Given that enabling / disabling of HARQ feedback should be configurable per HARQ process, RAN2 needs to investigate the impact on MAC procedures and how to configure the HARQ feedback disabling.
[bookmark: _Toc47443229][bookmark: _Toc47540191][bookmark: _Toc47615485][bookmark: _Toc47657073][bookmark: _Toc47657245][bookmark: _Toc47657460]RAN2 to investigate the HARQ disabling impact on MAC procedures and how to configure HARQ feedback disabling on selective HARQ processes.

DRX enhancements for NTN
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 pending SR, it will enter Active time and start monitoring the PDCCH. Given the large RTT of an NTN, the UE can’t expect a response to the SR until RTT ms has elapsed.
[bookmark: _Toc20399764][bookmark: _Toc20863326][bookmark: _Toc20996202][bookmark: _Toc21020106][bookmark: _Toc21034075][bookmark: _Toc23155768][bookmark: _Toc23238205][bookmark: _Toc23798436][bookmark: _Toc23845117][bookmark: _Toc47371069][bookmark: _Toc47391750][bookmark: _Toc47443219][bookmark: _Toc47540181][bookmark: _Toc47615475][bookmark: _Toc47657063][bookmark: _Toc47657237][bookmark: _Toc47657452]With current DRX procedure, the UE will be forced to monitor the PDCCH in vain for RTT ms after sending a SR.
[image: ]
Figure 2. 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. 
[bookmark: _Toc20399768][bookmark: _Toc20863316][bookmark: _Toc20996207][bookmark: _Toc21034080][bookmark: _Toc23155777][bookmark: _Toc23238214][bookmark: _Toc23798443][bookmark: _Toc23845112][bookmark: _Toc47371079][bookmark: _Toc47391760][bookmark: _Toc47443231][bookmark: _Toc47540192][bookmark: _Toc47615486][bookmark: _Toc47657074][bookmark: _Toc47657246][bookmark: _Toc47657461]For DRX in NTN, in the case that UE sends a SR, the UE enters Active time to monitor for a response to when an offset time has elapsed.
When the UE performs CFRA it will not start the contention resolution timer that controls the PDCCH monitoring during CBRA. Thus, the green shaded 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.
[bookmark: _Toc20399765][bookmark: _Toc20863327][bookmark: _Toc20996203][bookmark: _Toc21020107][bookmark: _Toc21034076][bookmark: _Toc23155769][bookmark: _Toc23238206][bookmark: _Toc23798437][bookmark: _Toc23845118][bookmark: _Toc47371070][bookmark: _Toc47391751][bookmark: _Toc47443220][bookmark: _Toc47540182][bookmark: _Toc47615476][bookmark: _Toc47657064][bookmark: _Toc47657238][bookmark: _Toc47657453]With current DRX procedure, after receiving the RAR message using 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.
Following the proposed way of handling DRX and RA timers, it is proposed to introduce an configurable offset to when a UE should enter Active time when doing CFRA. When the UE 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 should offset the start of the active time by RTTms.
[bookmark: _Toc47540193][bookmark: _Toc47615487][bookmark: _Toc47657075][bookmark: _Toc47657247][bookmark: _Toc47657462][bookmark: _Toc47371080][bookmark: _Toc47391761][bookmark: _Toc47443232]For DRX in NTN, in the case that UE sends a response to a RAR message on PUSCH during CFRA, the UE enters Active time when an offset time has elapsed.  
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. 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 each HARQ process), the NW must stall future DL TBs until feedback is received. When HARQ stalling occurs, also the UE needs to wait ~RTT milliseconds before any new or retransmitted TBs can be received and will thus monitor the PDCCH in vain, draining the UE battery. 
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 3). Since the drx-InactivityTimer is running, the UE will be forced to monitor the PDCCH in vain, wasting energy (see Figure 4). 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 3. 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]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 4), 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 4. 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 4). 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.
[bookmark: _Toc12432182][bookmark: _Toc16769395][bookmark: _Toc16787531][bookmark: _Toc20399771][bookmark: _Toc20863319][bookmark: _Toc20996212][bookmark: _Toc21034085][bookmark: _Toc23155781][bookmark: _Toc23238218][bookmark: _Toc23798447][bookmark: _Toc23845116][bookmark: _Toc47371082][bookmark: _Toc47391763][bookmark: _Toc47443234][bookmark: _Toc47540195][bookmark: _Toc47615489][bookmark: _Toc47657077][bookmark: _Toc47657249][bookmark: _Toc47657464]Allow the UE to wake up after RTT ms regardless of DRX state to minimize the delay introduced by DRX and HARQ stalling
On DRX with HARQ disabled
The main use case of allowing HARQ to be disabled is to ensure a continuous transmission of data that is not stalled due to a limited number HARQ processes and thus achieving a higher bitrate. With HARQ disabled, the UE may be ordered to reuse HARQ process IDs before RTT milliseconds have elapsed. 
In this scenario, the UE will receive DCIs that all have the NDI toggled and the HARQ process ID reused. Since the NDI is toggled, the UE will restart its drx-InactivityTimer for every received DCI. 
For each received/transmitted transport block, the UE will start its respective DL/UL HARQ RTT timer. When these timers expire, they may force the UE to monitor for retransmissions that will not be sent from the NW. When no more DCIs are received on the PDCCH, the drx-InactivityTimer will expire and the UE enters DRX. The UE will then be reachable by monitoring the PDCCH according to its configured onDuration periods. 
With HARQ disabled, the UE should not need to monitor the PDCCH for retransmissions that will not come and thus drain the battery. 
[bookmark: _Toc23798438][bookmark: _Toc23845119][bookmark: _Toc47371071][bookmark: _Toc47391752][bookmark: _Toc47443221][bookmark: _Toc47540183][bookmark: _Toc47615477][bookmark: _Toc47657065][bookmark: _Toc47657239][bookmark: _Toc47657454]With HARQ feedback disabled, PDCCH monitoring for retransmissions should be avoided. 
DRX and HARQ feedback disabled for downlink TB
With HARQ enabled, when the UE detects an erroneously decoded transport block, it will start the drx-RetransmissionTimerDL when the drx-HARQ-RTT-TimerDL expires, When HARQ is disabled, the UE should not send any feedback and the current DRX procedure TS 38.321 states:
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
…
1>	if the DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
 Thus, if drx-HARQ-RTT-TimerDL is not started, then drx-RetransmissionTimerDL will not be started. 
[bookmark: _Toc47657078][bookmark: _Toc47657250][bookmark: _Toc47657465]RAN2 to confirm when HARQ feedback is disabled for a HARQ process the drx-HARQ-RTT-TimerDL will not needed to be started.
HARQ feedback enabled per HARQ process ID
If HARQ is disabled but enabled for a specific set of HARQ process IDs, the DRX framework should not force the UE to wake up to monitor the PDCCH for retransmissions for all HARQ processes, just the HARQ process IDs that have HARQ feedback enabled. 
With the interpretations of TS 38.321 as in Error! Reference source not found., the drx-HARQ-RTT-TimerDL plus an RTT offset would then only be started for the HARQ process IDs that have HARQ feedback enabled and thus the drx-RetransmissionTimerDL will only be started if a negative acknowledgement is sent. 
The current DRX framework plus an RTT offset allows the network to configure the UE with suitable DL DRX timers that will not force the UE to monitor the PDCCH for retransmissions that will never occur but will enable monitoring when needed.
DRX and HARQ feedback disabled for uplink TB 
The drx-HARQ-RTT-TimerUL is started a bit differently when compared to the downlink. The drx-HARQ-RTT-TimerUL is always started after a PUSCH transmission. In TS 38.321, sub-clause 5.7, it says: 
…
1>	if a MAC PDU is transmitted in a configured uplink grant and LBT failure indication is not received from lower layers:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
…
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
…
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
Thus, for UL transmissions, the retransmission timer is started, and the UE will face the risk of monitoring the PDCCH in vain when HARQ is disabled. Similar to DL, the drx-RetransmissionTimerUL is not started if the drx-HARQ-RTT-TimerUL is not started.
If the drx-InactivityTimer is running, the UE already monitors the PDCCH and the start of the retransmission timer has no effect. If the drx-InactivityTimer has expired, the UE will wake up to monitor for retransmissions, but no retransmissions grants will be sent when HARQ is disabled for all configured HARQ process IDs. Since the current maximum value of the HARQ RTT timer is 4 ms and the minimum value for the retransmission timer is 10 slots (10 ms for SCS 15kHz), a minimum value of 14 ms on the drx-InactivityTimer will put the retransmission timer out of effect. I.e. with commonly used values of the drx-InactivityTimer in the order of 100 ms, PDCCH monitoring due to the retransmission timer will not occur when HARQ feedback is disabled for all HARQ process IDs.
[bookmark: _Toc23798441][bookmark: _Toc23845122][bookmark: _Toc47371074][bookmark: _Toc47391755][bookmark: _Toc47443224][bookmark: _Toc47540186][bookmark: _Toc47615480][bookmark: _Toc47657068][bookmark: _Toc47657240][bookmark: _Toc47657455]When HARQ is disabled for all HARQ processes in NTN, the existing DRX framework seems well adapted to avoid unnecessary PDCCH monitoring for UL grants. 
Since the NW is in control of the HARQ process IDs and it has knowledge of the UE’s DRX cycle, it can always reach the UE in any of the configured onDuration periods by sending a new DCI that will be received when the UE monitors the PDCCH.
HARQ feedback enabled by HARQ process ID
If HARQ is disabled but dynamically enabled for some HARQ process IDs, the drx-HARQ-RTT-TimerUL needs to be configured with an offset in the order of RTT milliseconds to make sure the retransmission timer is started when a grant for retransmission can be received. Given the above text from TS 38.321, it shows that with an offset applied to the HARQ RTT timer, the UE will wake up RTT ms after a PUSCH transmission to monitor for a retransmission regardless if the HARQ feedback for this process ID is disabled and thus, unnecessary monitoring cannot be avoided. 
 
[bookmark: _Toc23798442][bookmark: _Toc23845123][bookmark: _Toc47371075][bookmark: _Toc47391756][bookmark: _Toc47443225][bookmark: _Toc47540187][bookmark: _Toc47615481][bookmark: _Toc47657069][bookmark: _Toc47657241][bookmark: _Toc47657456]When HARQ is enabled per HARQ process ID in the uplink, DRX procedure needs revision to avoid unnecessary PDCCH monitoring.. 

RLC and PDCP adaptations for NTN

[bookmark: _Toc528786998][bookmark: _Toc528786999][bookmark: _Toc528787000][bookmark: _Toc528787001][bookmark: _Toc528875587][bookmark: _Toc528787002][bookmark: _Toc528787003][bookmark: _Toc528875589][bookmark: _Toc528843600][bookmark: _Toc528843602][bookmark: _Toc528843603][bookmark: _Toc528843641]The RLC layer offers reliable communication by using ARQ with status reporting and segmentation. This service makes use of timers that might be affected by the long propagation delays of a non-terrestrial network. Extension of timers is typically an easy solution to solve such problems. However, care should be taken so that buffer-limitations and sequence number space problems are considered. 
RLC Reassembly
[bookmark: _Toc528843604][bookmark: _Toc528843989][bookmark: _Toc528852886][bookmark: _Toc528872496][bookmark: _Toc528875594][bookmark: _Toc528875632]In the WID objectives it is include that:
· Status reporting: Extension of the value range of t-Reassembly

The discussion of an extension of the t-Reassembly in NTN is mainly for the case when HARQ feedback is enabled to allow for retransmissions using HARQ before retransmissions are triggered by RLC using status reports. The extension of t-Reassembly in NTN should be further investigated i Rel-17 and simulations should be used to support the need of an extension.  
[bookmark: _Toc528843605][bookmark: _Toc528843990][bookmark: _Toc528852887][bookmark: _Toc528875595][bookmark: _Toc528843606][bookmark: _Toc528843991][bookmark: _Toc528852888][bookmark: _Toc528843607][bookmark: _Toc528843992][bookmark: _Toc528852889][bookmark: _Toc528843608][bookmark: _Toc528843993][bookmark: _Toc528852890][bookmark: _Toc528843609][bookmark: _Toc528843994][bookmark: _Toc528852891][bookmark: _Toc528843610][bookmark: _Toc528843995][bookmark: _Toc528852892][bookmark: _Toc528843611][bookmark: _Toc528843996][bookmark: _Toc528852893][bookmark: _Toc528843612][bookmark: _Toc528843997][bookmark: _Toc528852894][bookmark: _Toc528843613][bookmark: _Toc528843998][bookmark: _Toc528852895][bookmark: _Toc528843615][bookmark: _Toc528844000][bookmark: _Toc528852897][bookmark: _Toc528843616][bookmark: _Toc528844001][bookmark: _Toc528852898][bookmark: _Toc528843617][bookmark: _Toc528844002][bookmark: _Toc528852899][bookmark: _Toc528843618][bookmark: _Toc528844003][bookmark: _Toc528852900][bookmark: _Toc528843620][bookmark: _Toc528844005][bookmark: _Toc528852902][bookmark: _Toc528843621][bookmark: _Toc528844006][bookmark: _Toc528852903][bookmark: _Toc528843622][bookmark: _Toc528844007][bookmark: _Toc528852904][bookmark: _Toc528843623][bookmark: _Toc528844008][bookmark: _Toc528852905][bookmark: _Toc528843625][bookmark: _Toc528844010][bookmark: _Toc528852907][bookmark: _Toc528843626][bookmark: _Toc528844011][bookmark: _Toc528852908][bookmark: _Toc528843627][bookmark: _Toc528844012][bookmark: _Toc528852909][bookmark: _Toc528843628][bookmark: _Toc528844013][bookmark: _Toc528852910][bookmark: _Toc528843630][bookmark: _Toc528844015][bookmark: _Toc528852912][bookmark: _Toc528843631][bookmark: _Toc528844016][bookmark: _Toc528852913][bookmark: _Toc528843632][bookmark: _Toc528844017][bookmark: _Toc528852914][bookmark: _Toc528843633][bookmark: _Toc528844018][bookmark: _Toc528852915][bookmark: _Toc887699][bookmark: _Toc887720][bookmark: _Toc1064787][bookmark: _Toc1064831]RLC sequence number space
[bookmark: _Toc16763063][bookmark: _Toc16788313][bookmark: _Toc16788535]In NR, the Sequence Number space was extended to allow for higher rates. Also, a new sequence number is generated only for each RLC SDU, rather than for each RLC PDU. For RLC, the sequence number space is 6 or 12 bits for RLC UM and 12 or 18 bits for RLC AM. With long RTTs the risk of RLC stalling, due to a too small RLC window, is increased.
In the WID objectives it is include that:
· Sequence Numbers: extension of the SN space only for GEO scenarios

The extension of the SN space for GEO scenarios in NTN should be further investigated in Rel-17 and simulations should be used to support the need of an extension. In fact, the motivation for such extension is not strong, as detailed in TR 38.821. The only identified scenario in the Rel-16 SI phase is that airplane connectivity with 360 Mbps data rate requirement cannot be met by GEO associated with RLC SDU of 500 bytes (that provides 350 Mbps data rate). This is quite a corner case. In addition, the airplane connectivity with 360 Mbps data rate requirement is just informative, i.e., it is not a mandated requirement.
[bookmark: _Toc47540188][bookmark: _Toc47615482][bookmark: _Toc47657070][bookmark: _Toc47657242][bookmark: _Toc47657457]Extension of the SN space in RLC is not critical for NTN.
[bookmark: _Toc16763064][bookmark: _Toc16788314][bookmark: _Toc47540197][bookmark: _Toc47615491][bookmark: _Toc47657080][bookmark: _Toc47657251][bookmark: _Toc47657466][bookmark: _Toc47443236]Use RLC simulations to support the need of an extension of the timer t-Reassembly 

PDCP
For PDCP, the WID objectives also include
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.

In Rel-16 NTN SI, SDU discard was discussed but whether extending the value range of discardTimer is necessary or not was not concluded. So, per the WID objective, this can be further discussed in Rel-17 to conclude this topic, whether the extension is needed or not.
For the extension of the SN space for GEO scenarios, the motivation for such extension is not strong, as detailed in TR 38.821. The only identified scenario in the Rel-16 SI phase is that airplane connectivity with 360 Mbps data rate requirement cannot be met by GEO associated with PDCP SDU of 500 bytes (that provides 350 Mbps data rate). This is quite a corner case. In addition, the airplane connectivity with 360 Mbps data rate requirement is just informative, i.e., it is not a mandated requirement.
[bookmark: _Toc47540189][bookmark: _Toc47615483][bookmark: _Toc47657071][bookmark: _Toc47657243][bookmark: _Toc47657458]Extension of the SN space in PDCP is not critical for NTN.

Conclusion
[bookmark: _Hlk16780604]In the above sections we made the following observations:
Observation 1	The SR-BSR procedure may introduce a large scheduling delay due to long RTT in NTN.
Observation 2	Using configured grant to handle BSRs may not be resource-efficient.
Observation 3	With current DRX procedure, the UE will be forced to monitor the PDCCH in vain for RTT ms after sending a SR.
Observation 4	With current DRX procedure, after receiving the RAR message using 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.
Observation 5	With HARQ feedback disabled, PDCCH monitoring for retransmissions should be avoided.
Observation 6	When HARQ is disabled for all HARQ processes in NTN, the existing DRX framework seems well adapted to avoid unnecessary PDCCH monitoring for UL grants.
Observation 7	When HARQ is enabled per HARQ process ID in the uplink, DRX procedure needs revision to avoid unnecessary PDCCH monitoring..
Observation 8	Extension of the SN space in RLC is not critical for NTN.
Observation 9	Extension of the SN space in PDCP is not critical for NTN.

We propose the following:
Proposal 1	Allow a BSR to be transmitted using the 2-step RA framework.
Proposal 2	RAN2 to investigate the HARQ disabling impact on MAC procedures and how to configure HARQ feedback disabling on selective HARQ processes.
Proposal 3	For DRX in NTN, in the case that UE sends a SR, the UE enters Active time to monitor for a response to when an offset time has elapsed.
Proposal 4	For DRX in NTN, in the case that UE sends a response to a RAR message on PUSCH during CFRA, the UE enters Active time when an offset time has elapsed.
Proposal 5	Allow the UE to enter DRX when HARQ stalling occurs.
Proposal 6	Allow the UE to wake up after RTT ms regardless of DRX state to minimize the delay introduced by DRX and HARQ stalling
Proposal 7	RAN2 to confirm when HARQ feedback is disabled for a HARQ process the drx-HARQ-RTT-TimerDL will not needed to be started.
Proposal 8	Use RLC simulations to support the need of an extension of the timer t-Reassembly
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