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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. 

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 the RLC functionality with respect to a non-terrestrial network and present some early rough calculations. In the companion contribution [3], PDCP features are discussed.
[bookmark: _Ref178064866]Discussion
Some important features of the RLC and PDCP layers are to offer reliable, in order delivery and error free communication by using integrity protection, ciphering, ARQ with status reporting etc. Both PDCP and RLC make use of transmit and receive window functionality to ensure these services are provided. Some of these services are making use of timers that might be affected by the long propagations delays of a non-terrestrial network. Extension of timers is typically an easy solution in order to solve some problems. However, care should be taken so that delays are not allowed to be too high as delays seen by the core network or applications may become very large. This can for instance cause problems with rate-adjustment procedures in TCP. Buffer-limitations should also be considered. 
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[bookmark: _Ref189046994]The RLC protocol is responsible for segmentation of RLC SDUs from PDCP into suitably sized RLC PDUs. It handles retransmission of missing or erroneously received RLC PDUs and removal of duplicate RLC PDUs. RLC can be configured in one of three different modes; transparent, unacknowledged and acknowledged mode. In this contribution we will mainly be concerned with issues related to RLC acknowledged mode (AM). 
Coupled with larger delays due to high propagation delay, the potential for problems with RLC can be rather large. If delays seen by the RLC layer can be in the span of 10ms in terrestrial NR, the RLC PDUs in GEO satellite case can potentially be more than in the range of seconds in the worst case. 
The main feature of RLC AM is ARQ, and there are a few timers that controls the ARQ process. The extension of these timers can be trivial, but the effect on the rest of system needs to be carefully analyzed.  
Reassembly
In NR, RLC no longer guarantees in-sequence delivery to higher-layer, thus RLC does not strictly do the same reordering functionality as in LTE. The reasoning behind the removal of in-sequence delivery is motivated by reduced overall lower latency demanded by 5G NR requirements. NR RLC instead provides per SDU reassembly, which is the reason why the values for T-reassembly is lower compared to some other timers.
[bookmark: _Toc528843604][bookmark: _Toc528843989][bookmark: _Toc528852886][bookmark: _Toc528872496][bookmark: _Toc528875594][bookmark: _Toc528875632]RLC reordering was removed from NR to reduce latency of delivering RLC SDUs.   
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Figure 1. RLC reassembly.
For example, as in figure 1, first RLC PDU with SN = 1 that is one of two PDUs that belong to RLC SDU 1 is received. And then RLC PDU with SN = 3 and 4 that all belong to RLC SDU 2 are received. The T-reassembly will start at RLC PDU #3, but the RLC SDU 2 will be delivered. In LTE, RLC SDU 2 would not have been delivered until either timeout or reception of RLC PDU with SN = 2 had been delivered.  
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[bookmark: _Toc528872499][bookmark: _Toc528875601][bookmark: _Toc528875634]RAN2 to study how to enhance reassembly function for ARQ-retransmissions over long propagation delays.

Sequence number space
Another aspect that is tied to both extension of timers as well as HARQ and physical layer bitrates is whether the current Sequence Number(SN) space is enough. For NR, the Sequence Number space was extended in order to allow for higher rates. For RLC the sequence number space is 6 or 12 bits for RLC UM and 12 or 18 bits for RLC AM. 
In the companion contribution, some calculations for PDCP SN space are provided[3]. The difference for RLC is that the possibility that the RLC PDUs might be a lot smaller compared to PDCP SDUs due to RLC segmentation functionality. For reference we provide some calculations.

The basic supportable PDCP bit rate calculation is: 
Supportable RLC bit rate = ((RLC SDU size (bits) x 2 ^ (SN length – 1) ) / Retransmission time (s). 

	RLC SDU size
	Retransmission time
	SN length
	Supportable bit rate

	100B
	1
	12
	~ 1.6 Mbps

	300B
	1
	12
	~ 4.8 Mbps

	100B
	1
	18
	~ 100 Mbps

	300B
	1
	18
	~ 300 Mbps


Table 1. Supportable bit rates

In the above table the supportable bit rates can be seen. However, in reality the true relations between supportable RLC bit rate(throughput), retransmission time and RLC SDU size is much more complicated as throughput depends on whether HARQ is used or not, and retransmission time depends on how many retransmissions are configured as well as many more factors.
[bookmark: _Toc528843636][bookmark: _Toc528844021][bookmark: _Toc528852918][bookmark: _Toc528872497][bookmark: _Toc528875597][bookmark: _Toc528875633]RLC SN space might be too small for large propagation delays.  
[bookmark: _Toc528843642][bookmark: _Toc528844023][bookmark: _Toc528852920][bookmark: _Toc528872500][bookmark: _Toc528875602][bookmark: _Toc528875635]RAN2 to provide calculations on RLC SN space to check if extension is needed for NTN.

Conclusion
In section 2 we made the following observations:
Observation 1	RLC reordering was removed from NR to reduce latency of delivering RLC SDUs.
Observation 2	RLC SN space might be too small for large propagation delays.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 to study how to enhance reassembly function for ARQ-retransmissions over long propagation delays.
Proposal 2	RAN2 to provide calculations on RLC SN space to check if extension is needed for NTN.
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