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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 PDCP functionality with respect to a non-terrestrial network with large propagation delays. In the companion contribution [3], RLC functionality is 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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PDCP offers in-order-delivery to higher layers unless configured otherwise.  To avoid stalling due to lost or discarded PDCP PDUs, T-reordering is used to move the lower side of the receive window and this timer is a representation of how long the PDCP entity will wait for a missing packet. The timer will start when the PDCP receiver entity realizes that there is one packet missing. 

For example, PDCP SN = 100 is the last received packet. The next received packet is PDCP SN = 102. Then, the receiver will start the T-reordering timer because SN = 101 is missing. If T-reordering expires and SN = 101 is not received, the PDCP receiver will move the window forward and will consider that packet as missing/lost i.e. it will not accept this packet anymore. If the packet is received before the timer expires, then the receiver will accept the packet and it will stop the timer or will re-start the timer if there is another packet missing with SN > 101. Thus, if PDCP experience a high rate of packet loss a reordering delay will be seen which can be in the order of several seconds depending on the value configured for the t-reordering timer, i.e. the PDCP reordering will be affected by the delays that lower layers introduce on top of the propagation delay introduced by NTN. Thus, the PDCP t-reordering might need to be scaled for NTN so that it takes into account propagation delay for (re)transmission in lower layers. However, care should be taken to ensure that impact of end-to-end service is not affected due to increasing of timer-values.
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Sequence number space
A problem that is highly tied to the perceived delay at PDCP level and the reordering function is that of sequence number space. For NR, the sequence number space was extended in order to allow for high throughput links not to stall. For DRBs, it is configurable to use either 12 or 18 bits for the PDCP SN length and for SRBs the PDCP SN length is 12. We provide some initial simple calculations in order to see whether there are any risks of stalling.

The basic supportable PDCP bit rate calculation is: 
Supportable PDCP bit rate = ((PDCP SDU size (bits) x 2 ^ (SN length – 1) ) / Retransmission time (s). 
A typical IP packet size can be around 1500B or 500B and if we assume for simplicity sake that the retransmission time of a PDU as seen by the PDCP layer is 1 second, we get the following supportable PDCP bit rates. 
	IP Packet Size
	Retransmission time
	SN length
	Supportable bit rate

	500B
	1
	12
	~ 8 Mbps

	1500B
	1
	12
	~ 24 Mbps

	500B
	1
	18
	~ 0.5 Gbps

	1500B
	1
	18
	~ 1.5 Gbps


Table 1. Supportable bit rates
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However, if the t-reordering is extended, then the reordering time will be the maximum time for retransmission time. The current worst case scenario would be, 3 seconds, which means that with 500B IP packets and SN length of 18 bits, then the maximum supportable throughput would be ~170 Mbps. Further increasing t-reordering will further reduce the supportable bit rate in the most extreme of cases.
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Discarding
The discardTimer is associated with the PDCP transmitting side. The value range for this timer is between 10ms up to 1500ms, if not counting infinity. The timer is started when a PDCP SDU is received from upper layers and each PDCP SDU has its own timer. When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which may increase PDCP reordering delay in the receiving PDCP entity. 
Extended timer values will increase the amount of required memory for the buffers but also possibly increase the reordering delay in the receiver. Given the long propagation delay of NTN, extending the discardTimer value range should be studied.
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Conclusion
In section 2 we made the following observations:
Observation 1	An increase of the value range for the t-reordering could be needed for NTN.
Observation 2	An increased value for the t-reordering could further extend the delays due to reordering delays.
Observation 3	PDCP SN length should at least make use of the 18 bit option for the SN length of DRBs.
Observation 4	PDCP SN length may need to be extended in order to cope with large propagation delays.

[bookmark: _GoBack]Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to study effects of increasing t-reordering timer.
Proposal 2	RAN2 to provide calculations on PDCP SN space and discuss whether the NTN use cases require an extension of the SN space.
Proposal 3	RAN2 to study implications of extending discardTimer.
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