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1 Introduction

The Study Item Description for this topic [1] lists the following objectives for RAN2:

· 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.

· 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.

This paper analyses the timers in MAC layer and discusses required modifications to support Non-Terrestrial Networks. 

2 Analysis of MAC Timers 
In Non-Terrestrial Networks (NTN) the distance between the gNB and the UE is many times larger than that of terrestrial networks. The resulting larger round trip delay (RTD) can cause conflicts to the conventional specifications that have been defined for terrestrial systems. According to the defined NTN reference scenarios, the RTD can be as high as 562ms for GEO satellite systems and up to 25.76ms for LEO satellite systems [2]. By contrast, the target for user plane latency in 5G is 4ms for eMBB and 0.5ms for URLLC services and the control plane latency in a terrestrial network is 10ms [3]. 
In the following, we discuss timers of the MAC protocol with respect to the applicability to NTN.
2.1 Discontinuous Reception

The Discontinuous Reception (DRX) supports UE battery saving by reducing the PDCCH monitoring time. The time intervals are defined as DRX cycles. 

Several RRC configurable parameters are used to configure DRX. Four of them are in context with RTD [4]
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[5]:

· drx-HARQ-RTT-TimerDL: drx-HARQ-RTT-TimerDL is the minimum duration before a downlink assignment for HARQ retransmission is expected by the MAC entity. The specified range of value is between 0 and 56 symbols. In case of a sub-carrier spacing of 15kHz this corresponds to 4ms which is multiples too small for a communication-link with a satellite. In case of larger subcarrier spacing the duration decreases because the symbol duration decreases.
· drx-HARQ-RTT-TimerUL: This timer is the same as drx-HARQ-RTT-TimerDL just for the uplink.

· drx-RetransmissionTimerDL: drx-RetransmissionTimerDL presents the maximum time until a downlink retransmission is received. The value range is from 0 to 320 slots. Considering the conventional subcarrier spacing of 15kHz, the duration is up to 320ms. For larger subcarrier spacing, the duration decreases because the slots are shorter. 
The drx-RetransmissionTimerDL starts after the drx-HARQ-RTT-TimerDL expires. This is at the latest after 4ms after the corresponding transmission. The maximum window size for expecting a reception of a retransmission results in 324ms. For a GEO satellite-link this is too small, because several retransmissions can occur and the RTD can be up to 562ms [2]. For a LEO satellite-link this time duration would be sufficient, however, we have to take into consideration that the window size decreases with increasing subcarrier spacing. For example for a subcarrier spacing of 120kHz the maximum window size is 44ms. This is too small if several retransmissions are necessary.
· drx-RetransmissionTimerUL: This timer is the same as drx-RetransmissionTimerDL just for the uplink.
Observation 1: 
A modification of the four DRX timers is required to support NTN.
2.2 Scheduling Request

A UE can use a Scheduling Request (SR) to request UL-SCH resources from the gNB for a new transmission or a transmission with a higher priority. SR transmission is configured by RRC. Parameters include the scheduling request ID (schedulingRequestId) used to identify the SR instance in the MAC layer, the prohibit timer (sr-ProhibitTimer) and the maximum number of open SR (sr-TransMax).[5] 
Depending on the chosen subcarrier spacing, different values can be configured for the periodicity. Assuming a subcarrier spacing of 15kHz, the maximum configurable periodicity is 80 slots. One slot has the duration of 1ms. The maximum periodicity is equal to 80ms. In case of larger subcarrier spacing, the individual slots are shorter. However, the number of configurable symbols increases. This results in the same maximum periodicity.
During the prohibit timer is active, no further SR is initiated. The prohibit timer is configured by the RRC. It can be selected from 8 values in the range between 1 and 128ms [5]. Therefore, the prohibit timer will at latest expire after 128ms and initiate a SR.  For GEO systems the value range is not sufficient, for LEO systems it is sufficient.
A proposal to get sufficient large values for the sr-ProhibitTimer in case of GEO satellite systems is to introduce a fixed offset value in the range of the RTD of the satellite-link.
Observation 2: 
A modification of the sr-ProhibitTimer is essential to support GEO satellite systems.
3 Timer Offset
The value range of several MAC timers has to be increased significantly. Depending on the scenario, LEO or GEO, transparent of regenerative payload as well as the altitude, the suitable timer values may vary. If the timer values are increased, quite a number of additional values are required to cover the different use cases. Besides the timers at MAC layer, there are also timers at PDCP layer [7] that might benefit from an adjustment. A too coarse timer setting for some of the timers (e.g. DRX timer, retransmission timer or discard timer) to limit the signalling overhead may on the other side affect the performance. 

An alternative to increasing the value range of each timer is to add a RTD compensation offset equal to the minimum RTD. Considering the large number of timers in the protocol stack and the associated overhead of large value ranges, a RTD compensation offset for the timers seems to be the preferred solution for NTN networks. 

Proposal 1: 
A RTD compensation offset is added to affected timers of the protocol stack to compensate for the respective round trip delay. 

A possible approach is that the RTD compensation offset is signalled to the UEs via gNB broadcast information. Such RTD compensation offset may be configured by OAM or calculated by the gNB e.g. based on altitude/position of the satellite. Another approach is to preconfigure the RTD compensation offset by RRC.
Proposal 2: 
A RTD compensation offset is either provided from the network to the UE via system information or preconfigured by RRC to support NTN. 
Details should be discussed once the general approach to change the timer values has been agreed.
4 Conclusion and Proposals
In this document, we analysed the MAC timer to support NTN networks. We conclude that for satellite-links the range of values for several timers should be adapted. The following observations and proposals are made: 

Observation 1: 
A modification of the four DRX timers is required to support NTN.
Observation 2: 
A modification of the sr-ProhibitTimer is essential to support GEO satellite systems.

Proposal 1: 
A RTD compensation offset is added to certain timers of the protocol stack to compensate for the round trip delay. 
Proposal 2: 
A RTD compensation offset is either provided from the network to the UE via system information or preconfigured by RRC to support NTN.
5 Proposed text 

Chapter 7 in 3GPP TR 38.821[6] captures the RAN2 related content of the study item on solutions evaluation for NR to support NTN. We propose the following two sections on RTD compensation offset and on MAC layer for agreement. 

* * * Start of changes * * * * (NEW TEXT)

7.2

User plane enhancements 
7.2.1 
RTD compensation offset
7.2.1.1 
Problem statement

In Non-Terrestrial Networks (NTN) the distance between the gNB and the UE is many times larger than that of terrestrial networks. The resulting larger round trip delay (RTD) can cause conflicts to the timers in the different layers of the user plane. Depending on the scenario, LEO or GEO, transparent of regenerative payload as well as the altitude, the RTD and therefore the suitable timer values may vary.
The relevant affected timers are:
· drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL (MAC)
· drx-RetransmissionTimerDL and drx-RetransmissionTimerUL (MAC)
· sr-ProhibitTimer (MAC)
· discardTimer  (PDCP)
· t-Reordering (PDCP)
7.2.1.2 
Possible Solution
In order to compensate for the respective round trip delay, a RTD compensation offset is added to affected timers of the protocol stack.
The RTD compensation offset is either provided from the network to the UE via system information or preconfigured by RRC to support NTN.
7.2.2 
MAC 
7.2.2.1 
Discontinuous Reception (DRX)
7.2.2.1.1 
Problem statement

The DRX supports UE battery saving by reducing the PDCCH monitoring time. The time intervals are defined as DRX cycles. Four of the parameters to configure DRX are in context with RTD: 

· drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL present the minimum duration before a downlink or uplink assignment for HARQ retransmission is expected by the MAC entity.
· drx-RetransmissionTimerDL and drx-RetransmissionTimerUL present the maximum time until a downlink or uplink retransmission is received.
As the maximum defined values are smaller than the RTD of a non-terrestrial network, or at least smaller than the RTD including some retransmissions, the parameter range has to be extended.

7.2.2.1.2 Possible Solution  

For efficient use of DRX in non-terrestrial networks, the parameter range for drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL and drx-RetransmissionTimerUL has to be extended according to the longer RTDs of NTN. 

An offset in the amount of the minimum RTD needs to be introduced for the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.

An offset in the amount of several RTDs needs to be introduced for the drx-RetransmissionTimerDL and drx-RetransmissionTimerUL.
7.2.2.2
Scheduling Request (SR)

7.2.2.2.1 
Problem statement

A Scheduling Request (SR) is used by a UE to request UL-SCH resources from the gNB for a new transmission or a transmission with a higher priority. When a SR is sent, sr-ProhibitTimer is started. During the prohibit timer is active, no further SR is initiated. The expiration time of sr-ProhibitTimer can be configured in the range between 1 and 128ms. 

For GEO satellite systems, the 128ms are lower than the RTD and therefore the parameter range has to be extended.

7.2.2.1.2 Possible Solution  

For efficient use of SR in GEO satellite systems, the sr-ProhibitTimer has to be modified. 

An offset in the amount of the RTD needs to be introduced for the sr-ProhibitTimer at least in case of a GEO satellite-link.
7.2.3 
RLC

7.2.4 
PDCP

7.2.5
SDAP

7.3

Control plane enhancements 

* * * End of changes * * * * (NEW TEXT)
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