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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 provides an overview of the control loops and related timings in RLC layer and discusses the impacts on Non-Terrestrial Networks. 

2 Discussion

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 all feedback loops or timers of MAC protocol with respect to the applicability to NTN.
2.1 RLC Transmit Modes
An RLC entity can be configured in three different modes: Transparent Mode (TM), Unacknowledged Mode (UM) and Acknowledged Mode (AM).[5] 

Data Radio Bearers (DRBs) can be configured in RLC UM for NTN in case the RLC AM control loops cannot be met due to extensive propagation delay. Signalling Radio Bearers (SRBs) have RLC AM as default configuration. At least the first messages of SRB1 have to be performed in RLC AM, later a RRC connection reconfiguration request is possible.[7] 

Observation 1: 
NTN DRB can be supported when using RLC UM mode (retransmissions are performed 



by application layer). 

Because of the large propagation delays in NTN, we assume, HARQ is deactivated for satellite communication links. This means for a reliable data transmission, RLC AM mode becomes necessary to handle the packet loss. The associated control loops and timers of this mode are discussed in the following sections. 

Proposal 1: 
For NTN RLC AM mode is assumed to be used for DRBs and SRBs. 

As the first two modes do not apply any control loop, we exclusively consider the RLC AM in the following.
2.2 Polling

The transmitting side of an AM RLC entity counts the transmitted PDUs and bytes. If a certain configurable number pollPDU or pollByte is reached, a poll is included in the AMD PDU at the transmitter side. The poll bit will trigger a status report at the receiving peer AM RLC entity. Once the poll bit is set at the transmitter the  t-PollRetransmit timer is started or restarted. In case of expiration of the t-PollRetransmit timer, a new poll is transmitted.[5] The maximum configurable expiration time is 4000ms which covers the RTD of NTN [7]. 

The limit of PDUs or bytes after which a poll is included can be configured by a maximum number of 65536 PDUs or 40MegaByte for pollPDU or pollByte, respectively [7]. These values should be large enough also for satellite communication.

Observation 2: 
A modification of the polling parameters is not required to support NTN. 
2.3 Status Reporting

A status report can be triggered by the above described polling procedure or by detection of reception failure of an AMD PDU which is indicated by the expiration of t-Reassembly. This timer is started when an AMD PDU segment is received from lower layer, is placed in the reception buffer, at least one byte segment of the corresponding SDU is missing and the timer is not already running.[5] It can be configured by fixed values between 0 and 200ms [7]. As this timer covers the largest time interval in which the individual segments of the corresponding SDU have to arrive at the receiver before a status report and consequently a retransmission is triggered, the value for NTN needs not to be different to that for conventional networks. 
Observation 3: 
A modification of the t-Reassembly timer is not required to support NTN.

After triggering a status report, the t-statusProhibit timer is started. Until the expiration of this timer no further status report is triggered. The maximum configurable value is 2400ms [7]. This is sufficient for NTN because it is larger than the maximum RTD of such a system.

Observation 4: 
A modification of the t-statusProhibit timer is not required to support NTN.
2.4 Sequence Number and Window Size

In the NR specification [5], 12bit and 18bit are specified as possible RLC sequence number (SN) field length. A field length of 18bit results in 262 144 different SNs. For this field length the AM_Window_Size is defined by 131 072. In contrast to RLC UM, where the sequence number is incremented by one for every RLC SDU segment, the sequence number in RLC AM is incremented by one for every RLC SDU. The individual segments are specified by the Segment Offset (SO) field. The number of maximum allowed retransmissions (maxRetxThreshold) can be configured by 1, 2, 3, 4, 6, 8, 16 or 32 [7]. 
If we assume a subcarrier spacing of 15kHz (μ=0), one MAC SDU is transmitted every millisecond. In NR a MAC SDU can consist of several RLC SDUs. For a first estimation, whether stalling will arise in NTN, we assume that one RLC SDU is mapped to one MAC SDU ([image: image2.png]


) and choose maxRetxThreshold = 4. Furthermore, we assume a SISO link ([image: image4.png]-



 = 1).

The maximum number of used SNs during one AM_Window_Size is calculated by

RTD ∙ maxRetxThreshold ∙ [image: image6.png]Noryoam ' Nacee 2%




Using the maximum RTD for GEO satellite system of 562ms this results in 2248 which is multiples smaller than the AM_Window_Size and therefore stalling should not appear.

Assuming a larger subcarrier spacing of 120kHz (μ=3)[4] the ratio between AM_Window_Size and the maximum number of used SN is 6.8. That means that the maxRetxThreshold should not be configured larger than 16 or [image: image8.png]


 should not exceed 6 in order to avoid stalling. 

Such parameter settings can be sufficient, however, it should be noted that HARQ probably is deactivated and retransmissions in the RLC layer are highly relevant for a reliable communication link. In case of carrier aggregation, which is probably not used in the first phase of NR, the number of used SNs, is multiplied by the number of used carriers.

A possible approach to cope with this limitation is to extend the sequence number field length for NTN and increase the AM_Window_Size accordingly. 
Observation 5: 
A modification of the RLC SN and AM_Window_Size is not essential, but beneficial to 
support NTN.

Proposal 2: 
Extend the RLC sequence number (SN) field length and increase the AM_Window_Size for NTN.
3 Conclusion and Proposals
In this document, we discussed the control loops and related timings implemented in the second layer of NR in relation to NTN. We conclude that for satellite-links the range of values for several parameters should be adapted and that in some case a redesign of the procedure is necessary. The following observations and proposals are made: 

Observation 1: 
NTN DRB can be supported when using RLC UM mode (retransmissions are performed 



by application layer). 
Observation 2: 
A modification of the polling parameters is not required to support NTN. 

Observation 3: 
A modification of the t-Reassembly timer is not required to support NTN.

Observation 4: 
A modification of the t-statusProhibit timer is not required to support NTN.

Observation 5: 
A modification of the RLC SN and AM_Window_Size is not essential, but beneficial to 
support NTN.

Proposal 1: 
For NTN RLC AM mode is assumed to be used for DRBs and SRBs. 
Proposal 2: 
Extend the RLC sequence number (SN) field length and increase the AM_Window_Size for NTN.
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