[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17]3GPP TSG-RAN WG2 Meeting #111 electronic	R2-2006782
Online, August 17th - 28th, 2020	

Agenda Item:	8.10.2.2
Source:	OPPO
Title:	Consideration on RLC and PDCP enhancement for NTN 
Document for:	Discussion, Decision

[bookmark: _Ref488331639]Introduction
A new WID [1] for studying NR to support NTN has been approved in RAN #86 meeting. In the WID, the object for RLC and PDCP enhancement includes the following.· RLC
· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios 
· PDCP
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.



In this paper, we discuss these RLC and PDCP aspects in NTN.
Discussion
RLC
t-Reassembly configuration
The timer t-Reassembly is used in RLC AM and RLC UM to detect reception failure of RLC PDUs. This timer is started when a RLC PDU segment received from MAC layer is placed in the reception buffer, and at least one byte segment of the corresponding SDU or of any SDU before the corresponding SDU is missing and at that time the timer t-Reassembly is not already running. Loss of RLC PDUs at MAC layer is detected by expiration of timer t-Reassembly
For RLC UM, when t-Reassembly expires, UE will discard all the segments which have not been considered for reassembly.
For RLC AM, when t-Reassembly expires, a status report can be triggered.
Typically, t-Reassembly is configured by network based on the UE-specific RTD, the maximum number of HARQ retransmission nrof_HARQ_retrans, and the possible scheduling delay scheduling_offset as following:
t-Reassembly = RTD * nrof_HARQ_retrans + scheduling_offset
Currently, the value range defined in ASN.1 for timer t-Reassembly is between 0 and 200ms. For terrestrial NR, this timer covers the largest time interval in which the individual segments of the corresponding SDU may arrive at the receiver out of order due to HARQ retransmissions. In NTN, due to the large propagation delay, the current value range of t-Reassembly is not sufficient to cover the largest HARQ retransmission delay.
In TR38.821, a solution on extension of the value range of t-Reassembly is captured to support NTN. In this solution, t-Reassembly’s value needs to accommodate different scenarios, which means that the set of configurable values has to be extended by a large number of different values. This would increase the signalling overhead. To this end, we propose to introduce an offset to the start of t-Reassembly, where the offset value directly reflects the RTD* nrof_HARQ_retrans. 
The current value range of t-Reassembly is not sufficient to cover the largest HARQ retransmission delay in NTN.
Extension of the value range of t-Reassembly would increase the signalling overhead.
[bookmark: _Toc47605752]Introduce an offset for the start of t-Reassembly to support NTN.
RLC Sequence Numbers
In NR, the SN field length for RLC AM can be configured as 12bit or 18bit. The sequence number space needed for a radio bearer depends on the data rate that is to be supported, the ARQ retransmission time and the size of the RLC SDUs.
The basic formula for calculating the supportable RLC bit rate for one radio bearer is 
RLC_data_rate = RLC_SDU_size ∙ 2 ^ (SN_length -1) / RetransmissionTime,
The supported RLC bit rates for different sets of parameters, for GEO system and LEO system is given in [2]. It is observed that the airplane connectivity which targets a user experience data rate of 360 Mbps for DL is the most challenging usage scenario for NTN.
Following candidate solutions are listed in [2] for further study.
· Option 1: The current specification is applied for NTN without any changes. The targeted experience data rate for usage scenario airplanes connectivity may be temporarily not supported for the above mentioned configurations of RLC SDU size, RLC SN field length and maximum number of RLC retransmissions in case of GEO satellite systems with transparent architecture. 
· Option 2: Extending the RLC SN length.
· Option 3: Reducing delay that it takes to perform an RLC retransmission.
For RLC AM, the AM_Window_Size for both transmitting side and the receiving side is relevant to the SN field length. AM_Window_Size is 2048 when 12 bit SN is used. AM_Window_Size is 131072 when 18 bit SN is used. Longer SN field length leads to larger AM_Window_Size, which would increase the amount of required memory for the UE buffer. From the perspective of UE implementation complexity, we think option 2 is not preferred.
In our opinion, since the targeted data rate can be achieved at least for certain configurations of RLC SDU size, RLC SN field length and maximum number of RLC retransmissions, in Rel-17 the current specification could be used as a baseline. Any enhancement, e.g. reduce RLC retransmission delay, can be considered in later release.
Extending the RLC SN length would increase the amount of required memory for the UE buffer.
[bookmark: _Toc47605753]No change to the RLC SN length for NTN.
PDCP
discardTimer configuration
In PDCP layer, a timer discardTimer is configured for each DRB. Upon reception of an PDCP SDU from upper layer, the transmitting PDCP entity starts discardTimer associated with this PDCP SDU. 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. 
In the current RRC spec, discardTimer can be configured with a value between 0.5 ms and 1500 ms or can be switched off by choosing infinity. In terrestrial NR, the configuration of discardTimer is mainly concerned with QoS requirement of the DRB. 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 discardTimer to support NTN.
Assuming that HARQ feedback is disabled and the same TB is retransmitted in MAC via blinding scheduling or bundled transmission, in the worst case for LEO where the maximum RTD is 25.77 ms, the current largest discardTimer (excluding the infinity value) can support a maximum ARQ retransmission number of 1500/25.77 =58. For GEO, the maximum RDT is 541.46 ms, and the current largest discardTimer can support a maximum ARQ retransmission number of 1500/541.46 =2. It can be observed that the current value range of discardTimer is sufficient for LEO, but may have some restriction in supporting the MAC/RLC retransmission number for GEO. Since 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 service with high reliability requirement, discardTimer could be configured even to infinity to satisfy the reliability requirement if the value of 1500ms is still not enough. In summary, we think there is less need to extend the value range of discardTimer.
The current value range of discardTimer is sufficient for LEO, but may have some restriction in supporting the MAC and RLC retransmission number for GEO.
For some delay-tolerant service with high reliability requirement, discardTimer can be configured even to infinity.
[bookmark: _Toc47605754]No need to extend the value range of discardTimer.
PDCP Sequence Numbers
In NR, the SN field length for PDCP can be configured to be 12bit or 18bit. The sequence number space needed for a radio bearer depends on the data rate that is to be supported, the retransmission time and the size of the PDCP SDUs.
The basic formula for calculating the supportable PDCP bit rate for one radio bearer is 
PDCP_data_rate = PDCP_SDU_size ∙ 2 ^ (pdcp-SN-Size -1) / PDCP_RetransmissionTime,
The supported PDCP bit rate for different sets of parameter, for GEO satellite systems and LEO satellite systems is given in [2]. It is observed that the airplane connectivity which targets a user experience data rate of 360 Mbps for DL is the most challenging usage scenario for NTN.
Similar to the RLC SN case, the following possible solutions were given in [2] for further study.
· Option 1:	The current specification is applied for NTN without any changes. The targeted user experience data rate for usage scenario airplanes connectivity may be temporarily not supported for the above mentioned configurations of PDCP SDU size, PDCP SN field length and maximum number of RLC retransmissions in case of GEO satellite systems with transparent architecture. 
· Option 2: 	Extending the PDCP SN length.
· Option 3: 	Reducing the delays that it takes to perform retransmissions.
For the same reason as the RLC SN case, we think in Rel-17 the current specification can be used as a baseline. Any enhancements, e.g. reduce PDCP retransmission delay, can be considered in later release.
[bookmark: _Toc47605755]No change to the PDCP SN length for NTN
Conclusion
Based on the discussion we make the following observation:
1. The current value range of t-Reassembly is not sufficient to cover the largest HARQ retransmission delay in NTN.
Extension of the value range of t-Reassembly would increase the signalling overhead.
Extending the RLC SN length would increase the amount of required memory for the UE buffer.
The current value range of discardTimer is sufficient for LEO, but may have some restriction in supporting the MAC and RLC retransmission number for GEO.
[bookmark: _GoBack]For some delay-tolerant service with high reliability requirement, discardTimer can be configured even to infinity.

And we give the following proposals:
Proposal 1	Introduce an offset for the start of t-Reassembly to support NTN.
Proposal 2	No change to the RLC SN length for NTN.
Proposal 3	No need to extend the value range of discardTimer.
Proposal 4	No change to the PDCP SN length for NTN
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