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Introduction
Non-Terrestrial Networks (NTN) differ from terrestrial networks (TN) in terms of large propagation delay and wide geographical coverage of beam-spots (cells), thereby resulting in significant increase in round-trip delay (RTD). This high RTD calls for some changes and enhancements in RLC and PDCP. The Rel-16 Study Item (SI) on NR-NTN [1] concluded with some major recommendations for RLC and PDCP in Section 9.2 of 3GPP TR 38.821 [1]. The work item description (WID) [2] for Rel. 17 NR-NTN clarifies the assumption of UEs with GNSS capabilities. Furthermore, an email discussion is carried out in “[POST111e][909][NTN] RLC and PDCP aspects (MediaTek)” [7] and the reports are submitted in RAN2 112-e. According to this report and discussions, the following proposals are agreed unanimously.


	· RLC t-Reassembly timer needs to be extended in NR-NTN.
· There is no need to extend t-PollRetransmit Timer in NR-NTN.
· There is no need to extend t-statusProhibit Timer in NR-NTN.
· There is no need to extend RLC SN length in NR-NTN
· There is no need to extend PDCP SN length in NR-NTN



However, some important and necessary proposals are not discussed. In this document we would like to highlight those proposals for the progress of the work item.
 
Enhancements in RLC
Updating RLC Timers
High RTD in NTN might result in expiry of some RLC timers. Thus, it is necessary to look into the major RLC timers and check if any possible extensions or updates are needed.

RLC t-Reassembly Timer
RLC t-Reassembly timer is started when a 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. The procedure to detect loss of RLC PDUs at lower layers by expiration of timer t-Reassembly is used in RLC AM, as well as in RLC UM [3]. The timer t-Reassembly can be configured by fixed values between 0 and 200ms [3]. In terrestrial networks this timer covers the largest time interval in which the individual segments of the corresponding SDU have to arrive out of order at the receiver due to SDU segmentation and/or HARQ retransmissions. However, if HARQ is supported by NTN, an extension of the t-Reassembly timer is necessary, because the timer should cover the maximum time allowed for HARQ transmissions, which will probably be a value larger than the Round Trip Delay (RTD). As it is already agreed in RAN2-112e that RLC t-Reassembly timer needs to be extended in NR-NTN, the question remains is how to extend or modify this timer.

Modification of RLC t-Reassembly Timer

Based on the Tdocs submitted in RAN2-111e, RLC t-Reassembly timer could be updated in different ways:
· Option 1: Reuse the same formula of TR 38.821 using maximum RTD (common to all UEs), number of allowed HARQ retransmission attempts and offset to account for possible delays on UE and network side. This is mentioned in R2-2006640.
t-Reassembly = RTD * NHARQ-ReTx + scheduling_offset        (1)
· Option 2: Modification of the formula, given in TR 38.821, according to R2-2006703, considering UE specific one way propagation delay from UE to gNB or vice versa, number of allowed HARQ retransmission attempts and scheduling offset per transmission.  
t-Reassembly = (2 * ntn-propagationDelay + schedulingOffset) ∙ nrofHARQ-Retransmissions   (2)
· Option 3: Use a UE-specific offset for the start of t-Reassembly, as mentioned in R2-2006782.

As the extension of t-reassembly timer is common across all UEs, the network can configure the UEs with the extended value range of RLC t-reassembly timer. Based on the preference of the majority companies, rapporteur suggests the following proposal to be agreed:

Proposal 1: The network configures the UE with a t-Reassembly timer similar to TN operations.

With a maximum RTD of around 540ms (for GEO NTN), up to a maximum of 8 HARQ retransmissions and around 8ms of scheduling offset, using the formula mentioned in Equation (1) or Equation (2), the maximum value range of the RLC t-Reassembly timer could be estimated as around 4,392ms or around 4.4 seconds. 

Proposal 2: The range of values that can be configured for t-Reassembly timer should be extended to up to 4.4 seconds.
Enhancements in PDCP
Updating PDCP Timers
Similar to RLC, high RTD in NTN might result in expiry of some PDCP timers. Thus, it is necessary to look into the major PDCP timers and check if any possible extensions or updates are needed.

PDCP Discard Timer
In PDCP layer, a timer discardTimer is configured for each DRB. Upon reception of a PDCP SDU from upper layer, the transmitting PDCP entity starts the discardTimer associated with this PDCP SDU. As mentioned in 3GPP TS 38.323 [4], when the discardTimer associated with a PDCP SDU expires, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU. The discardTimer is configured in the range of 0.5ms and 1500ms or can be switched off by choosing infinity [4]. The discardTimer mainly reflects the QoS requirements of the packets belonging to a service. In NTN, due to long propagation delay, HARQ and ARQ retransmission delay will increase greatly. So one open issue is whether to extend the value range of PDCP discardTimer to support NTN. 
In order to prevent unnecessary expiry of PDCP discardTimer, it is proposed to extend the PDCP discard timer in R2-2006640 and R2-2006705. One possible solution is to extend the discardTimer by the UE’s pre-compensated RTD. On the other hand, it is mentioned in R2-2006782 and R2-2007889 that as QoS requirement is a main factor in the discardTimer configuration, for some delay sensitive service, discardTimer should be configured to a relatively small value, while for some other delay tolerant services discardTimer could be configured even to infinity, if the value of 1500ms is still not enough and there is no need to extend the PDCP Discard timer, at least until new QoS requirements are defined.
It is true that in traditional terrestrial networks (TN), PDCP discard timer is dependent only on QoS (i.e. 5QI) requirements. However, it should be noted that in traditional TN, the RLC re-assembly timer is much smaller than PDCP discardTimer. For NTN, as we have agreed to increase RLC t-Reassembly timer, if PDCP discardTimer is not increased, and kept smaller than RLC t-Reassembly timer, there is a possibility that PDUs waiting for retransmission are discarded due to the expiry of PDCP discardTimer. Hence, PDCP discardTimer needs to be at least longer than RLC t-Reassembly timer to allow RLC procedures to complete.

Proposal 2: PDCP discardTimer needs to be at least longer than RLC t-Reassembly timer to allow RLC procedures to complete.

PDCP t-Reordering Timer
In order to detect loss of PDCP Data PDUs, PDCP t-Reordering timer is started or reset when a PDCP SDU is delivered to upper layers [4]. The maximum configurable expiration time is 3000ms [5]. 
During the Study Item phase, a possible limitation regarding overall number of retransmissions in NTN has been identified. Like PDCP discardTimer, the PDCP t-Reordering timer is also related to the QoS requirements and should be modified, if new 5QI requirements are defined or to meet operator-specific 5QIs, as mentioned in R2-2006705. Thus the open issue is whether the PDCP t-Reordering timer should be extended for NR-NTN.

Similar to the arguments provided for PDCP discardTimer, PDCP t-Reordering timer should be at least longer than RLC t-Reassembly timer to allow RLC procedures to complete.

Proposal 3: PDCP t-Reordering timer needs to be at least longer than RLC t-Reassembly timer to allow RLC procedures to complete.
Conclusions
Based on the responses received from all the companies, we summarize the major remaining proposals as follows:

Proposal 1: The extension of RLC t-Reassembly timer is left on network implementation. The maximum value (or value range) of the extended timer is FFS.

Proposal 2: PDCP discardTimer needs to be at least longer than RLC t-Reassembly timer to allow RLC procedures to complete.

Proposal 4: PDCP t-Reordering timer needs to be at least longer than RLC t-Reassembly timer to allow RLC procedures to complete.
References
[1]. [bookmark: _Ref7104523][bookmark: _Ref7103214]3GPP TR 38.821-g00, “Solutions for NR to support non-terrestrial networks”, Technical Report, (Release 16) 
[2]. [bookmark: _Ref4159032]RP-193234, “New WID: Solutions for NR to support non-terrestrial networks (NTN) (WID)”. 
[3]. 3GPP TS 38.322 V15.2.0, “NR; RLC protocol specification (Release 15)”
[4]. 3GPP TS 38.323 V15.2.0, “NR; PDCP protocol specification (Release 15)”
[5]. [bookmark: _Ref40192409]3GPP TS 38.331 V15.8.0, “Radio Resource Control (RRC) protocol specification (Release 15)”
[6]. [bookmark: _Ref40187193]3GPP TS 23.501 V16.4.0, “System architecture for the 5G System (5GS); Stage 2 (Release 16)”
[7]. R2-2008896, “[POST111e][909][NTN] RLC and PDCP aspects (MediaTek)” 

	3/3	
