3GPP TSG-RAN WG2 Meeting #112 electronic
R2-2009864
Online, November 2nd - 13th, 2020
(resub. of R2-2007477)
Agenda item:

8.10.2.2
Source:

Lenovo, Motorola Mobility
Title:

Discussion on DRX for NTN
Document for:

Discussion and Decision

1. Introduction

In RAN#86 meeting, a work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved [1]. One objective is related to DRX scheme in NTN, which is as following
	· 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


There will introduce offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL for NTN usage, to compensate the long round trip time cause by faraway NTN nodes. In this paper, we give our understanding for such offset, i.e. how to determine such offset and how to utilize it for DRX operation.
2. Discussion
During the study item, DRX for NTN was studied. Target to accommodate RTD of NTN system, each DRX timer was discussed and finally summarized as follows [2]
	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.

…
If HARQ is supported by NTN, the handling of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN

…
A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is not needed to support NTN.


According to above findings, DRX timers except drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL does not need to be modified, only RTT timer needs to be added an offset to accommodate RTD of NTN system.

According to study item report [2], there have two typical scenario of a non-terrestrial network providing access to user equipment, which are scenario for transparent payload, and scenario for regenerative payload. For different scenario, there has different network structure and the solution needs to consider both scenarios.
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(a) network architecture based on transparent payload
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(b) network architecture based on regenerative payload
Figure 1 Non-terrestrial network typical scenarios
Observation 1: RTD compensation needs to consider both transparent and regenerative architecture in NTN system

The RTD of NTN system are different for different scenario. It was summarized that the max RTD for scenario A~D is from 12.89 ms to 541.46 ms consider service link and feeder link. The detail max RTD for different scenario is shown in following table [2]
Table 1 RTD range of NTN systems

	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35786 km
	600 km

	Maximum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	541.46 ms (Worst case)
	270.73 ms
	25.77 ms
	12.89 ms

	Minimum propagation delay contribution to the Round Trip Delay on the radio interface between the gNB and the UE
	477.48 ms
	238.74 ms
	8 ms
	4 ms


Observation 2: RTD compensation needs to consider different scenarios (scenario A~D2) in NTN systems
Another point for RTD is that the delay value may varies as seen by UE, especially for LEO scenario (Scenario C, D). The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario and summarized in following table [2]
Table 2 delay variation as seen by the UE

	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Maximum Delay variation as seen by the UE

(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec


For example, for scenario C1, the delay varies for worst case could be +/- 40 µs/sec, consider the max NTN beam foot print 1000 km and Relative speed of Satellite with respect to earth 7.56 km/sec, there could be up to ~5ms variation for RTD. This is relatively large variation value consider the RTD range for scenario C1 is 8 ms~25.77 ms. Thus such delay variation needs to be addressed when utilize offset value for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL. 
Observation 3: RTD compensation needs to consider delay variation especially for LEO scenarios in NTN system
The purpose of offset value introduction for DRX RTT timer is to compensate RTD in NTN system. According to above analysis, all three issues are needs to be considered when we consider the solution to determine the offset value for DRX operation.

Proposal 1: Offset value determination for DRX operation needs to consider following three aspects

1. transparent and regenerative network architecture

2. different scenarios (scenario A~D2) in NTN systems

3. delay variation especially for LEO scenarios in NTN system

During study item, RTD compensation for NTN system is already studied for TA maintenance, there were mainly two solutions identified to compensate such long RTD for TA maintenance, which is as following

●
Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris. 

●
Option 2: Timing advanced adjustment based on network indication

With above tools, no matter which option will be finally agreed for TA maintenance, or both options are applied for TA maintenance, UL timing advance in the initial access and the subsequent TA maintenance for NTN system can be solved.
Observation 4: Tools for TA maintenance to accommodate RTD of NTN system will be developed

UL timing advance itself then can reflect RTD of NTN systems. When we determine the offset value for DRX operation in RRC CONNECTED mode, since UL timing advance is already acquired and maintained in RRC CONNECTED mode, we could directly reuse UL timing advance to determine DRX offset value. This way is the simplest way to determine DRX offset value, which avoid to re-consider NTN issues in proposal 1 besides TA maintenance. For example, before starting the DRX RTT timer, offset value can be determined based on NTA that maintained by UE, and then such offset value can be added to configured DRX RTT timer to compensate the RTD of NTN system. After that, DRX RTT timer can be started.
Proposal 2: Determine DRX offset value based on UE maintained UL timing advance value

3. Conclusion

In this contribution, we discuss the issues that needs to be considered for RTD compensation in DRX operation, and provide our views in the below:

Observation 1: RTD compensation needs to consider both transparent and regenerative architecture in NTN system

Observation 2: RTD compensation needs to consider different scenarios (scenario A~D2) in NTN systems
Observation 3: RTD compensation needs to consider delay variation especially for LEO scenarios in NTN system
Proposal 1: Offset value determination for DRX operation needs to consider following three aspects

1. transparent and regenerative network architecture

2. different scenarios (scenario A~D2) in NTN systems

3. delay variation especially for LEO scenarios in NTN system
Observation 4: Tools for TA maintenance to accommodate RTD of NTN system will be developed

Proposal 2: Determine DRX offset value based on UE maintained UL timing advance value
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