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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The new study item with updated SID [3] has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Dual connectivity [RAN3 aspects] involving
· NTN-based NG-RAN (Transparent GEO or LEO satellites) and terrestrial based NG-RAN access: Xn terminated on the ground
· or two NTN-based NG-RAN access (between Regenerative LEO satellites): Xn over ISL

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.



Agreements in RAN2#105:

…
7: A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN.
8: If HARQ is supported by NTN, the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN.
9: FFS is if HARQ is supported by NTN whether the value range of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL should be extended to support NTN or an offset is added.  
10: A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerDL is not needed to support NTN.
…


In RAN2#105, it was further decided that both feedback enabled and disabled HARQ shall be studied.
In this paper, we discuss the impact on DRX when HARQ is enabled or disabled in NTN.

[bookmark: _Ref178064866]Discussion on UE active time in NTN
The UE monitoring of the PDCCH is controlled by setting the UE in Active time. When in Active time, the UE is required to monitor the PDCCH continuously and are thus reachable from the network. Parts of the time when the UE is in Active time are controlled by timers configured by the network such as DRX related timers and RA related timers. It has already been discussed that an offset is needed to some timers, due to long RTT, to allow the UE not to enter Active time too soon and would  thus monitor the PDCCH in vain.
UE-initiated Active Time
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 includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in clause 5.1.5) 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 clause 5.1.4).   
------------------------------------------------------------------------------------------------------------
When a UE has a pending SR according to the yellow shaded part above, it will enter Active time and start monitoring the PDCCH. Given the large RTT of an NTN, the UE cannot receive a response to the SR until RTT ms has elapsed.
[bookmark: _Toc20399764][bookmark: _Toc20863326][bookmark: _Toc20996202][bookmark: _Toc21020106][bookmark: _Toc21034075]With current implementation of TS 38.321, the UE will be forced to monitor the PDCCH in vain for RTT ms after sending SR.
[image: ]
Figure 1. 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]RAN2 to acknowledge the need for an offset before the UE enters Active time to monitor for a response to a sent SR in NTN.
When the UE performs CFRA it will not start the contention resolution timer that activates the PDCCH monitoring during CBRA. Thus, the green shaded part above from TS 38.321 allows the UE to enter Active time and start the monitoring of the PDCCH. Similar as for sending SR, the UE will enter Active time and start monitoring the PDCCH already after receiving Msg2 (RAR). For CFRA, the message sent on PUSCH, according to the grant received in the RAR, is 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]With current implementation of TS 38.321, the UE will be forced to monitor the PDCCH in vain for RTT ms after sending the PUSCH message, as granted in the RAR, during CFRA.
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 when doing CFRA. When the UE sent the PUSCH message as granted in the received RAR, it can not expect a response until RTT ms have elapsed. If DRX is configured, the UE could enter DRX and be reachable according to its onDuration periods.
[bookmark: _Toc20399769][bookmark: _Toc20863317][bookmark: _Toc20996208][bookmark: _Toc21034081]RAN2 to acknowledge the need for a relaxed monitoring of PDCCH before the UE enters Active time after sending response to RAR message on PUSCH during CFRA.
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, a transmitter needs to wait for the feedback from the receiver before sending new data. In case of a negative acknowledgement (NACK), the transmitter may need to resend the data packet; otherwise, it may 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 at the transmitter. That is, the transmitter may initiate multiple transmissions in parallel without having to wait for a HARQ completion. For example, with 16 HARQ processes in NR DL, the gNB may initiate up to 16 new data transmissions without waiting for an ACK for the first packet transmission. The UE needs then to wait ~RTT milliseconds before any feedback is received and in the case of long RTT, it will therefore monitor the PDCCH in vain, draining the UE battery. 
DRX has several timers that are integrated with HARQ, such as drx-HARQ-RTT-TimerDL/UL but also timers that control the monitoring of PDCCH such as the drx-InactivityTimer, drx-RetransmissionTimer(UL and DL) and the drx-onDurationTimer. The question remains how these timers shall be handled with the two different cases of HARQ disabled or enabled. 
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 no more DCIs are received on the PDCCH, the drx-InactivityTimer will expire at the end of its duration and the UE will enter DRX. The UE will then monitor the PDCCH according to its configured onDuration periods for possible new DCI. With HARQ disabled, the UE should not need to monitor the PDCCH for retransmissions that will not come and thus drain the battery. 
In the downlink 
With HARQ enabled, when the UE detects an erroneously decoded transport block, it will start the corresponding retransmission timer when the drx-HARQ-RTT-TimerDL expires. When HARQ is disabled, the UE should not send any feedback and with current procedures when no feedback transmitted, the drx-HARQ-RTT-TimerDL will not be started.
[bookmark: _Toc20996204][bookmark: _Toc21020108][bookmark: _Toc21034077]With HARQ feedback disabled drx-HARQ-RTT-TimerDL will not be started according to current procedures.
Furthermore, if drx-HARQ-RTT-TimerDL is not started, then it will not expire, and the retransmission timer will not be activated and no unnecessary monitoring will occur.
[bookmark: _Toc20996205][bookmark: _Toc21020109][bookmark: _Toc21034078]With HARQ feedback disabled, according to TS 38.321, no unnecessary monitoring for DL retransmissions will occur.
[bookmark: _Toc20996209][bookmark: _Toc21034082]RAN2 to acknowledge the interpretation that no adaption of HARQ with respect to the start of drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL when HARQ is disabled is needed.
Dynamic HARQ enabling
If HARQ is disabled but dynamically enabled for some HARQ processes, then the current procedures allows the network to configure the UE with suitable DRX timers that will not force the UE to monitor the PDCCH for retransmissions that will never occur but will enable monitoring when needed and then use the RTT offset to minimize unnecessary monitoring.
In the uplink 
For the uplink the HARQ RTT timer is always started after a PUSCH transmission and the retransmission timer is started when the HARQ RTT timer expires. So, for UL transmissions, the retransmission timer is always started, and the UE might face the risk of monitoring the PDCCH in vain when HARQ is disabled. 
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 will be sent when HARQ is disabled. 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. With common values on the drx-InactivityTimer in the order of 100 ms, PDCCH monitoring due to the retransmission timer will not happen.
[bookmark: _Toc20996206][bookmark: _Toc21020110][bookmark: _Toc21034079]When HARQ is disabled in NTN, with adapted timers, the existing DRX framework seems well adapted to avoid unnecessary PDCCH monitoring for UL transmissions. 
Since the NW is in control of the HARQ process IDs and it has knowledge of the UE’s DRX cycle, it can reach the UE in any of the configured onDuration periods by sending a new DCI well in advance so that it will be received when the UE monitors the PDCCH.
Dynamic HARQ enabling
If HARQ is disabled but dynamically enabled for some HARQ process IDs, the HARQ RTT UL needs to be configured 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 HARQ RTT timer value in the order of the RTT, 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. One fix for this could be to start the drx-HARQ-RTT-TimerUL only for the HARQ processes which are enabled. 
[bookmark: _Toc21034083][bookmark: _Toc20996210]To avoid unnecessary PDCCH monitoring, drx-HARQ-RTT-TimerUL is only started for HARQ processes for which retransmissions are enabled. 
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 has elapsed from when the oldest, not yet acknowledged, HARQ process ID was received, see Figure 1. Since the drx-InactivityTimer is running, the UE will be forced to monitor the PDCCH in vain, wasting unnecessary energy, see Figure 2. This monitoring can be minimized by always sending a MAC CE in the last available HARQ process ID transmission indicating 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: _Hlk20398835]Figure 2. 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 the last not yet acknowledged HARQ process ID is used. This would enable energy savings by not forcing the UE to monitor the PDCCH while the drx-InactivityTimer is running and the stalling condition is met (but would also keep the UE active as long as the stalling condition is not met).
[bookmark: _Toc12432181][bookmark: _Toc16769394][bookmark: _Toc16787530][bookmark: _Toc20399770][bookmark: _Toc20863318][bookmark: _Toc20996211][bookmark: _Toc21034084]RAN2 to capture the issue on HARQ stalling in the TR.
For NTN with long RTTs and common values configured for the drx-InactivityTimer, the UE will most likely enter DRX due to HARQ stalling. As the 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 2), the network will with high probability 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: ]
Figure 3. 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 already of significance, RAN2 should discuss how to minimize this delay.
During the discussion on the DRX timers it has been identified that the HARQ RTT timer needs to be extended or an offset needs to be added. If so, 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. 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 extended/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 RTT and 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. 
A solution to this would be to allow the UE to wake up RTT milliseconds after that the first not yet acknowledged DL TB was receive regardless if this coincide with the UE onDuration period or not, see Figure 2. This would avoid the extra delay caused by DRX and enable the network to send new DCIs on PDCCH as soon as RTT milliseconds has elapsed.
[bookmark: _Toc12432182][bookmark: _Toc16769395][bookmark: _Toc16787531][bookmark: _Toc20399771][bookmark: _Toc20863319][bookmark: _Toc20996212][bookmark: _Toc21034085]RAN2 should acknowledge the need of a UE to wake up after RTT ms regardless of DRX state to minimize the delay introduces by DRX

Conclusion
We made the following observations:
Observation 1	With current implementation of TS 38.321, the UE will be forced to monitor the PDCCH in vain for RTT ms after sending SR.
Observation 2	With current implementation of TS 38.321, the UE will be forced to monitor the PDCCH in vain for RTT ms after sending the PUSCH message, as granted in the RAR, during CFRA.
Observation 3	With HARQ feedback disabled drx-HARQ-RTT-TimerDL will not be started according to current procedures.
Observation 4	With HARQ feedback disabled, according to TS 38.321, no unnecessary monitoring for DL retransmissions will occur.
Observation 5	When HARQ is disabled in NTN, with adapted timers, the existing DRX framework seems well adapted to avoid unnecessary PDCCH monitoring for UL transmissions.

We propose the following:
Proposal 1	RAN2 to acknowledge the need for an offset before the UE enters Active time to monitor for a response to a sent SR in NTN.
Proposal 2	RAN2 to acknowledge the need for a relaxed monitoring of PDCCH before the UE enters Active time after sending response to RAR message on PUSCH during CFRA.
Proposal 3	RAN2 to acknowledge the interpretation that no adaption of HARQ with respect to the start of drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL when HARQ is disabled is needed.
Proposal 4	To avoid unnecessary PDCCH monitoring, drx-HARQ-RTT-TimerUL is only started for HARQ processes for which retransmissions are enabled.
Proposal 5	RAN2 to capture the issue on HARQ stalling in the TR.
Proposal 6	RAN2 should acknowledge the need of a UE to wake up after RTT ms regardless of DRX state to minimize the delay introduces by DRX
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7.2.1.2	Discontinuous Reception (DRX)
Problem Statement
The Discontinuous Reception (DRX) supports UE battery saving by reducing the PDCCH monitoring time. Several RRC configurable parameters are used to configure DRX. [TS 38.321][TS38.331]
A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN for the reason that the timer values were inspected to accommodate the RTD of NTN system.
drx-HARQ-RTT-TimerDL is the minimum duration before a downlink assignment for HARQ retransmission is expected by the MAC entity. In terrestrial communications this is configurable in the range of a few ms, which is too small for a communication-link with a satellite. drx-HARQ-RTT-TimerUL is the same as drx-HARQ-RTT-TimerDL just for the uplink.[TS 38.321][TS38.331]
If HARQ is supported by NTN, the handling of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN.
drx-RetransmissionTimerDL presents the maximum time until a downlink retransmission is received. The timer starts latest after 4ms after the corresponding transmission. During this timer runs, the UE monitors the PDCCH. drx-RetransmissionTimerUL is the same as drx-RetransmissionTimerDL just for the uplink.[TS 38.321][TS38.331]
A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is not needed to support NTN.

Possible Solution
Editor’s note: It needs further study whether the value range of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are extended or an offset is introduced.

Problem Statement
In some cases, the UE is required to monitor PDCCH indefinitely until a response is received. These two examples are:
· After sending a Scheduling Request
· After replying to the RAR in Contention-Free Random Access
In both of these cases the UE would have to monitor at least one RTT before any type of response is possible to be received.
Possible Solution
One possible solution to save battery would be to allow UE to enter DRX during this time. For reachability during this time, the normal DRX procedures may still be used.  


7.1.1.1.2	HARQ Stalling
With HARQ enabled, the long propagation delays in NTN might cause HARQ to be stalled due to the limited number of available HARQ processes and the long RTTs. When the continuous data flow is stalled in uplink or downlink due to limited number of HARQ processes, the UE will monitor the PDCCH in vain since the network is restricted from reusing any HARQ process IDs until it has been positively acknowledged. This will drain the UE battery and should be avoided. The network could add an overhead by repeatedly using MAC CEs to signal to the UE to enter DRX whenever the transmission is stalled due to HARQ. This overhead and unnecessary monitoring could be avoided by allowing the UE to enter DRX when the last available HARQ process ID is used, i.e. when the UE is stalled due to HARQ. 
The UE should enter DRX, as configured by the network, when the stalling condition is met and would then be reachable according to its onDuration periods. After RTT milliseconds, as seen from the UE, the network is allowed to reuse positively acknowledged HARQ process IDs and could start sending DCI allocations to the UE. The UE could leave its stalling condition and start monitoring the PDCCH after RTT milliseconds from the oldest not yet acknowledged transport block. Since this period of time rarely will coincide with the active time of the UE DRX cycle, the network will likely need to delay any transmission to the first available onDuration period after that RTT ms have elapsed, introducing an extra delay on top of that introduced by HARQ stalling. This extra delay could be avoided by allowing the UE to leave its DRX state at the time when the first possible DCI could be received on PDCCH.

[image: ]
Figure 7.2.1-x Unnecessary monitoring of PDCCH and extra delay due to HARQ stalling

__________________end of TP_________________
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