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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 results are summarized in [2]. The new study item 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]
· 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.





In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 

In this paper, we discuss aspects related to DRX for NTN.
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk528577871]The DRX framework saves energy for the UE but comes with a cost of introducing latency and reduces reachability. The question is then how to efficiently adapt the current framework of DRX for NR to better suit a NTN system and allow UEs to sleep while waiting for feedback  etc. from the network. 

RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration within a DRX Cycle when the UE is active and monitors the PDCCH;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ 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-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX Cycle starts;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ 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 for a UE, these timers controls when the UE is allowed to sleep, i.e. not required to monitor the PDCCH and is therefore also not required to perform certain measurement and UL reporting. 

DRX Short and Long Cycles
The UE may be configured with two different DRX cycles; one Short Cycle, typically to be used when it is expected that more data is to be sent within the near future, and the Long Cycle, that can allow UE to effectively sleep for longer periods. If the Short DRX is configured, it runs for configured number of cycles, controlled by the drx-ShortCycleTimer, and if no new data has arrived, the UE will shift automatically to the Long DRX cycle. 
The start, stop and offsets of both of these DRX cycles seems to adapt well for NTN. The Short cycle can be configured with periods between a few milliseconds up to a few hundreds of milliseconds and the Long cycle can be configured with values between 10ms up to 10 seconds.

[bookmark: _Toc528598286][bookmark: _Toc528598860][bookmark: _Toc528853069][bookmark: _Toc528872689]DRX Short and Long Cycles with offsets, seems to adapt well for non-terrestrial networks.
onDuration Timer
During the Short and Long DRX cycle the UE will wake up to actively monitor the PDCCH and if configured, also perform measurements and send reports. The length of this active time is controlled by the onDuration period, configured with the drx-onDurationTimer. If no DCI is received on the PDCCH during this time, the UE will re-enter the non-active time according to its configured DRX cycles. The onDuration periods can be configured with values between sub-milliseconds up to 1600ms and seem to cover any needs for a non-terrestrial network

[bookmark: _Toc528598287][bookmark: _Toc528598861][bookmark: _Toc528853070][bookmark: _Toc528872690]The value range of the drx-onDurationTimer in NR seems to cover well for a non-terrestrial network.
Inactivity Timer
If the UE, during its active onDuration period, receives a DCI indicating a new TB to be received in the DL, it will start the drx-InactivityTimer, and while running, continuously monitor the PDCCH. It will then restart the timer anytime the DCI indicates a new TB to be received in the DL or to be sent in the UL. The value range for the drx-InactivityTimer is between 0ms to 2.5 seconds should well cover any needs of a non-terrestrial network. 

[bookmark: _Toc528598288][bookmark: _Toc528598862][bookmark: _Toc528853071][bookmark: _Toc528872691]The value range for the drx-InactivityTimer already covers any needs for a non-terrestrial network.

If the UE, during its active onDuration period, receives a DCI indicating a new TB to be received in the DL, it will start the drx-InactivityTimer, and while running, continuously monitor the PDCCH. It will then restart the timer anytime the DCI indicates a new TB to be received in the DL or to be sent in the UL. The value range for the drx-InactivityTimer is between 0ms to 2.5 seconds should well cover any needs of a non-terrestrial network. 

[bookmark: _Toc528853075][bookmark: _Toc528872695]RAN2 to conclude that DRX short and long cycles, related offsets. drx-onDurationTimer,  drx-InactivityTimer are already flexible enough to support also NTN

HARQ RTT and re-transmission timers
The HARQ RTT timers allows the UE to not monitor the PDCCH while running. When a MAC PDU is sent or received, the MAC entity starts the HARQ RTT UL/DL for that HARQ process. When expiring, the UE may start the UL/DL retransmission timer to monitor the PDCCH for potential retransmissions. If the drx-InactivityTimer is running, the UE will monitor the PDCCH regardless of the HARQ RTT timers. Therefore, the effect of the HARQ RTT and retransmission timers will mainly be seen when the drx-InactivityTimer has expired. 
The HARQ RTT timers in NR have a value range that are numerology dependent. A value between 0 and 56 symbols can be configured which results in a maximum value of 4 milliseconds for a subcarrier spacing, SCS, of 15kHz.

[bookmark: _Toc528598289][bookmark: _Toc528598863][bookmark: _Toc528853072][bookmark: _Toc528872692]The value range of the HARQ RTT in NR is between 0 and 4 milliseconds depending on numerology.
For any non-terrestrial system, the propagation delay is by far longer than 4ms which implies that the retransmission timers will be started too early which could result in that they expired before the network could respond. The retransmission timers in NR are also numerology dependent and are configured with a number of slots between 10 and 1320, resulting in a that a UE will monitor the PDCCH for a retransmission between 10 to 1320 milliseconds for a SCS of 15kHz and 5 to 660 milliseconds for a SCS of 30kHz etc. If the HARQ RTT timers are adapted for NTN, it seems that the value range for the retransmission timers are well suited even for NTN.

[bookmark: _Toc528853074][bookmark: _Toc528872693]If the HARQ RTT timer are adapted for NTN, the retransmission timers seem to adapt well to an NTN.

[bookmark: _Toc528598292][bookmark: _Toc528598865][bookmark: _Toc528853076][bookmark: _Toc528872696]RAN2 to conclude that the HARQ RTT timers for both UL and DL needs to be adapted for NTN.

MAC Control Elements (CEs) for DRX
NR supports two different DL MAC CEs that are used to control DRX. When received by the UE, the DRX Command MAC CE will make the UE leave its active state and enter DRX. If Short Cycle DRX is configured, the UE will enter Short DRX and if not, it will enter the Long DRX cycle. If on the other hand the Long DRX Command MAC CE is received, then the UE will enter the Long DRX cycle regardless if the Short DRX cycle is configured. Since the gNB are aware of the amount of DL data in the buffers, it may use these commands to to make the UE enter DRX independent of the drx-InactivityTimer 
[bookmark: _Ref189046994]
[bookmark: _Toc528872694]UE entering to long or short DRX can also be controlled by MAC CEs, however, use of these for NTN depends on whether it is seen feasible to use DL transmission capacity for sending MAC CEs.

Conclusion
We made the following observations:
Observation 1	DRX Short and Long Cycles with offsets, seems to adapt well for non-terrestrial networks.
Observation 2	The value range of the drx-onDurationTimer in NR seems to cover well for a non-terrestrial network.
Observation 3	The value range for the drx-InactivityTimer already covers any needs for a non-terrestrial network.
Observation 4	The value range of the HARQ RTT in NR is between 0 and 4 milliseconds depending on numerology.
Observation 5	If the HARQ RTT timer are adapted for NTN, the retransmission timers seem to adapt well to an NTN.
Observation 6	UE entering to long or short DRX can also be controlled by MAC CEs, however, use of these for NTN depends on whether it is seen feasible to use DL transmission capacity for sending MAC CEs.

We propose the following:
Proposal 1	RAN2 to conclude that DRX short and long cycles, related offsets. drx-onDurationTimer,  drx-InactivityTimer are already flexible enough to support also NTN
Proposal 2	RAN2 to conclude that the HARQ RTT timers for both UL and DL needs to be adapted for NTN.
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