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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 RAN2#104, the following email discussion was agreed where also DRX related timers are discussed:


[103bis#51][NR – NTN ]  - Impacts on user plane timers (Nomor)
	Intended outcome: 
-	Identify timers impacted by RTD and how to handle them 
-	Outcome: TP capturing the timers 
	Deadline:  Thursday 2019-2-7



In this paper, we discuss the remaining aspects related to DRX for NTN.
[bookmark: _Ref178064866]Discussion

In the email discussion 104#51 on user plane timers also DRX aspects were considered. Outcome of the email discussion is TP [3] which includes the following for DRX: 
[bookmark: _Hlk957084]
___________________start of TP________________
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-RetransmissionTimerDL 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
__________________end of TP_________________


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 comparing the list of timers to the TP in can be seen that most timers are addressed by the email discussion and the TP [3]. Only drx-SlotOffset is not addressed.

[bookmark: _Toc788930][bookmark: _Toc1063883]Out of the listed timers, the TP addresses all but drx-SlotOffset: the delay before starting the drx-onDurationTimer.
The drx-SlotOffset allows an offset to the start of the drx-onDurationTimer outside the subframe boundaries when numerologies using slot durations less than 1ms are used. Since the configuration and usage of different numerologies are not affected in a non-terrestrial network, the drx-SlotOffset can be left unchanged and needs no adaptation for NTN. 

[bookmark: _Toc1063884][bookmark: _Hlk1031696]The drx-SlotOffset does not need to be adapted for NTN

[bookmark: _Toc1031666][bookmark: _Toc1063885]RAN2 to conclude that the drx-SlotOffset does not need to be adapted for NTN.


The HARQ RTT timers in NR have a value range that is 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. That is, 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.
In the email discussion, it was concluded that HARQ RTT timers need to be adapted to NTN systems but whether the value range is extended, or an offset is added did not conclude. 

One issue of extending the value range is that HARQ RTT timers are currently configured as symbols and RTT is typically expressed in ms. Further the RTT can vary due to differential delay. The approach of extending the value range to cover both GEO and LEO, and variations due to differential delay may result in a whole lot of values for HARQ RTT timers. Further, the RTT expressed in ms would need to be converted to symbols. For example, the value range of today is 0-57 symbols, then for GEO we would we need to express the RTT in symbols, i.e. any symbol value between 6000 and 10 000 for bent-pipe GEO. 
A better approach for NTN system would be to set HARQ RTT =0 and then configure an offset to the retransmission timers in ms. A retransmission timer offset would only need to cover values to accommodate NTN RTTs. If there is need for a symbol resolution, the existing HARQ RTT timer can be used after the offset.  

[bookmark: _Toc528853075][bookmark: _Toc528872695][bookmark: _Toc789757][bookmark: _Toc957529][bookmark: _Toc1031667][bookmark: _Toc1063886]RAN2 to conclude that an offset with values to accommodate NTN RTT is applied before retransmission timers start.
[bookmark: _Toc957530][bookmark: _Toc1031668][bookmark: _Toc1063887]Agree on the TP shown in appendix



Conclusion
We made the following observations:
Observation 1	Out of the listed timers, the TP addresses all but drx-SlotOffset: the delay before starting the drx-onDurationTimer.
Observation 2	The drx-SlotOffset does not need to be adapted for NTN

We propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 to conclude that the drx-SlotOffset does not need to be adapted for NTN.
Proposal 2	RAN2 to conclude that an offset with values to accommodate NTN RTT is applied before retransmission timers start.
Proposal 3	Agree on the TP shown in appendix
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Appendix


___________________start of TP________________

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-RetransmissionTimerDL is not needed to support NTN.
The drx-SlotOffset does not need to be adapted for 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
Introduce an offset to take into account RTD of NTN in ms to the start of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL after which drx-RetransmissionTimerDL and drx-RetransmissionTimerUL are started. The current drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL can be set to 0 or to any of their current values. 

__________________end of TP_________________
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