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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 RAN2#104, the following agreements on UP were reached:
RACH Agreements:
-	Discussion on 2-step RACH will be postponed until the procedures are more stable. 
HARQ Agreements:
-	Both options (enhancing HARQ and disabling HARQ) will be studied.  
RLC Agreements:
-	All RLC modes are supported.  
-	Study the need to extend the RLC/PDCP SN and window sizes based on throughput requirements.  

In this paper, we discuss RLC for NTN operation.
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc528786998][bookmark: _Toc528786999][bookmark: _Toc528787000][bookmark: _Toc528787001][bookmark: _Toc528875587][bookmark: _Toc528787002][bookmark: _Toc528787003][bookmark: _Toc528875589][bookmark: _Toc528843600][bookmark: _Toc528843602][bookmark: _Toc528843603][bookmark: _Toc528843641]Some important features of the RLC layer is to offer reliable, in order delivery and error free communication by using ARQ with status reporting, segmentation. 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 to solve some problems. However, care should be taken so that buffer-limitations and sequence number space is considered. 
[bookmark: _Ref189046994]This contribution is mostly focused on issues relating to RLC AM for NR NTN. 
Supported RLC modes
RLC can be configured in one of three different modes; 
· transparent (TM) 
· unacknowledged (UM)
· acknowledged mode (AM)
During previous meeting it was discussed regarding which RLC modes that should supported for NTN. In order to ensure that the system remains flexible, we believe that all RLC modes should be supported and we also believe that the specification impact of keeping all RLC modes supported and relevant for NTN is relatively low.
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Reassembly
[bookmark: _Toc528843604][bookmark: _Toc528843989][bookmark: _Toc528852886][bookmark: _Toc528872496][bookmark: _Toc528875594][bookmark: _Toc528875632]In a previous contribution [4] and in the e-mail discussion on User plane timers it was mentioned that the t-reassembly need to be extended to ensure that HARQ is able to deliver the transport block before the timer expires, if HARQ is supported. When evaluating the needed time for HARQ to deliver the PDU some factors, mainly maximum number of HARQ retransmissions, and round-trip delay needs to be considered. A rough calculation could be:
t-reassembly = RTT * nrof_HARQ_retrans
Where nrof_HARQ_retrans is a constant that is implementation-dependent constant that could be configurable. Furthermore, to account for HARQ scheduling delays, a minimum value for t-reassembly can be added to the value as:
t-reassembly = RTT * nrof_HARQ_retrans + minimum_timer_value
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[bookmark: _Toc528872499][bookmark: _Toc528875601][bookmark: _Toc528875634][bookmark: _Toc887698][bookmark: _Toc887719][bookmark: _Toc1064786][bookmark: _Toc1064830][bookmark: _Toc887699][bookmark: _Toc887720][bookmark: _Toc1064787][bookmark: _Toc1064831]RAN2 to consider the above mentioned method for calculating the needed extension of t-reassembly.
Sequence number space
As discussed in a previous contribution [4], the Sequence Number (SN) space was analysed through initial calculations. We provide some updates on the assumptions in this contribution. 
For NR, the Sequence Number space was extended to allow for higher rates. What is different to LTE RLC is that in NR, a new sequence number is generated only for each SDU, rather than for each PDU, but on the other hand the RLC does not support concatenation. For RLC the sequence number space is 6 or 12 bits for RLC UM and 12 or 18 bits for RLC AM. And in the below cases, we consider that HARQ is not limiting the maximum rate, meaning that HARQ is turned off. 
The basic supportable RLC bit rate calculation is: 
Supportable RLC bit rate = ((RLC SDU size (bits) x 2 ^ (SN length – 1)) / Retransmission time (s).
For selecting reasonable values:
· SN length: Selecting the SN length depends on the application, but for continuous and high-rate applications, the SN length should be chosen to be large.
· RLC SDU size: depends entirely on the specific traffic and it is difficult to give a good estimate for a typical SDU size. For continuous data, it is probably more likely that the RLC SDUs are bigger rather than small. Sizes of 500B and 1500B are considered here.
· Retransmission times: During continuous uplink transmissions, the gNB may decide when to schedule RLC status reports meaning that the retransmission time is likely to be short compared to the downlink case when UE needs uplink resources to send RLC status reports. However, in the case of continuous downlink transmissions the UE should have uplink resources due to configured grant. A reasonable retransmission time is 2 RTTs, but we also consider the case where retransmission time is 6 RTTs.

	RLC SDU size
	Retransmission time
	SN length
	Supportable bit rate

	500B
	1
	18
	~ 524 Mbps

	1500B
	1
	18
	~ 1.57 Gbps

	500B
	3
	18
	~ 175 Mbps

	1500B
	3
	18
	~ 524 Mbps


Table 1. Supportable bit rates

In the above table the supportable bit rates can be seen. For a SN length of 18 bits, the rates should be enough for even more demanding applications. 
[bookmark: _Toc528843636][bookmark: _Toc528844021][bookmark: _Toc528852918][bookmark: _Toc528872497][bookmark: _Toc528875597][bookmark: _Toc528875633][bookmark: _Toc887667][bookmark: _Toc1064781]Given the above assumptions, the RLC SN space should be enough for the throughput considered for NR NTN.  
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Conclusion
In section 2 we made the following observations:
Observation 1	Given the above assumptions, the RLC SN space should be enough for the throughput considered for NR NTN.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to conclude that no RLC mode shall be excluded for NR NTN.
Proposal 2	RAN2 to consider the above mentioned method for calculating the needed extension of t-reassembly.
Proposal 3	RAN2 to agree to capture the above in the TR.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref509923152][bookmark: _Ref505610477][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-181370, New SID on Solutions for NR to support Non Terrestrial Network, Thales, RAN#80, La Jolla, USA, June 2018
TR 38.811, Study on New Radio (NR) to support non terrestrial networks, Release 15
[bookmark: _Ref510710834][bookmark: _Ref525843069]TR 38.821, Solutions for NR to support Non Terrestrial Network
R2-1817767, RLC for NTN, Ericsson, RAN2#104, Spokane, USA, November 2018

	1/2	
