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1 Introduction

The Study Item Description for this topic [1] lists the following objectives for RAN2:

· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management.

· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths.

This paper provides an overview of the control loops and related timings in PDCP layer and discusses the impacts on Non-Terrestrial Networks. 

2 Discussion

In Non-Terrestrial Networks (NTN) the distance between the gNB and the UE is many times larger than that of terrestrial networks. The resulting larger round trip delay (RTD) can cause conflicts to the conventional specifications that have been defined for terrestrial systems. According to the defined NTN reference scenarios, the RTD can be as high as 562ms for GEO satellite systems and up to 25.76ms for LEO satellite systems [2]. By contrast, the target for user plane latency in 5G is 4ms for eMBB and 0.5ms for URLLC services and the control plane latency in a terrestrial network is 10ms [3]. 
In the following, we discuss all feedback loops or timers of PDCP with respect to the applicability to NTN.
2.1 SDU Discard
The transmitting PDCP entity shall discard the PDCP SDU when the discardTimer expires (e.g. packet is pending too long) for a PDCP SDU or when a status report confirms the successful delivery [5]. In case of a discard, the PDCP transmitter indicates the RLC to discard the corresponding PDCP PDU. The discardTimer can be configured between 10ms and 1500ms or can be switched off by choosing infinity [6].
The configured value is mainly based on the required QoS delay. In case the propagation delay of the satellite link is larger than the required QoS delay (e.g. real-time services), the service cannot be supported.   By choosing the expiration time, the RTD as well as the number of allowed retransmissions maxRetxThreshold in the RLC AM ARQ protocol should be taken into account. As HARQ is disabled for GEO satellite communication links and may be disabled for LEO satellite communication links because of the large propagation delay, the retransmissions in the RLC layer take on greater significance and maxRetxThreshold shall not be chosen too small.
A proposal to allow more than two retransmissions also in case of a GEO satellite-link is to apply an offset value to the timer to compensate for the large RTD. The use of a RTD compensation offset is discussed in detail in [8]. The adaptation of the timer expiration time should be done in coordination with the PDCP SN field length, see below.

Observation 1: 
A modification of the discardTimer is not essential but beneficial to support NTN.

2.2 Reordering and In-order Delivery

In order to detect loss of PDCP Data PDUs, there is the timer t-Reordering which is started or reset when a PDCP SDU is delivered to upper layers [5]. The maximum configurable expiration time is 3000ms [6]. This is surely sufficient for RLC UM, but might limit the overall number of retransmissions of the RLC AM ARQ protocol. At 562ms RTD, the maximum number of retransmissions at RLC AM will be five. As discussed in section ‘SDU discard’ these retransmissions are of increasingly importance in NTN because HARQ is disabled for GEO satellite communication links and may be disabled for LEO satellite communication links. 

An increase of the t-Reordering timer would be beneficial, but is not essential for operation. A possible approach is to apply an offset value to the timer as discussed in [8]. This should be done in coordination with the PDCP SN field length, see below.

Observation 2: 
A modification of the t-Reordering timer is not essential but beneficial to support NTN.

2.3 Sequence Number and Window Size
The PDCP SN field length is specified by 12 or 18bit [5], as the RLC SN field (see Section 2.2.3). Resulting in a maximum of 262 144 different SNs or a Window_Size of 131 072.

In NR a RLC SDUs can consist of several PDCP SDUs. Again assuming a subcarrier spacing of 15kHz (μ=0) and that one PDCP SDU is mapped to one RLC SDU and this in turn is mapped to one MAC SDU ([image: image2.png]


), the maximum number of used SNs during one Window_Size is calculated by
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Using the maximum RTD for GEO satellite system of 562ms, this results in 562 which is dimensions smaller than the Window_Size and therefore stalling does not appear.

Assuming larger subcarrier spacing of 120kHz (μ=3)[4] the ratio between Window_Size and the maximum number of used SNs is 29.2. That means that the product [image: image8.png]
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has to be smaller than or equal 29 to avoid stalling. 
This can be met by choosing suitable parameters. However, it should be noted that HARQ disabled for GEO satellite communication links and may be disabled for LEO satellite communication links and therefore retransmissions in the RLC layer are highly relevant for a reliable communication link. Additionally, in case of a MIMO transmission or carrier aggregation, the number of used SNs is increased.

A possible approach to cope with this limitation is to extend the sequence number field length for NTN and increase the Window_Size accordingly. 
Observation 3: 
A modification of the PDCP SN and Window_Size is not essential, but beneficial to 
support NTN.
Proposal 3: 
Extend the PDCP sequence number (SN) field length and increase the Window_Size for
NTN.
3 Conclusion and Proposals
In this document, we discussed the control loops and related timings implemented in the second layer of NR in relation to NTN. We conclude that for satellite-links the range of values for several parameters should be adapted and that in some case a redesign of the procedure is necessary. The following observations and proposals are made: 

Observation 1: 
A modification of the discardTimer is not essential but beneficial to support NTN.

Observation 2: 
A modification of the t-Reordering timer is not essential but beneficial to support NTN.

Observation 3: 
A modification of the PDCP SN and Window_Size is not essential, but beneficial to 
support NTN.
Proposal 1: 
Extend the PDCP sequence number (SN) field length and increase the Window_Size for
NTN.
4 Proposed text 

Chapter 7 in 3GPP TR 38.821 [7] captures the RAN2 related content of the study item on solutions evaluation for NR to support Non-Terrestrial Network. We propose the following section on PDCP layer for agreement. 

* * * Start of changes * * * * (NEW TEXT)

7.2

User plane enhancements 

7.2.1 
MAC 
7.2.2 
RLC
7.2.3 
PDCP
7.2.3.1 SDU Discard
7.2.3.1 Problem Statement

The transmitting PDCP entity shall discard the PDCP SDU when the discardTimer expires for a PDCP SDU or when a status report confirms the successful delivery [5]. In NR the maximum configurable expiration time is 1500ms or can be switched off by choosing infinity [6].

In NTN the duration until a successful delivery mainly depends on the large RTD. Considering that in NTN retransmissions in RLC are of greater significance for a reliable transmission link because HARQ is disabled for GEO satellite communication links and may be disabled for LEO satellite communication links, the maximum expiration time of the discardTimer might be too small.

7.2.3.1 Possible Solution

For effective use of SDU Discard in non-terrestrial networks, the parameter range for the discardTimer has to be extended according to the longer RTDs of NTN. 

7.2.3.2 
Reordering and In-order Delivery

7.2.3.2.1 
Problem statement
In order to detect loss of PDCP Data PDUs, there is the timer t-Reordering which is started or reset when a PDCP SDU is delivered to upper layers [5]. The maximum configurable expiration time is 3000ms [6]. 

In NTN the duration until a PDCP Data PDU is received mainly depends on the large RTD. If several retransmissions at RLC AM are necessary in NTN, the maximum configurable expiration time of the t-Reordering timer will be too small at least for a GEO system. As mentioned in above sections these retransmissions are of increasingly importance in NTN because HARQ is disabled for GEO satellite communication links and may be disabled for LEO satellite communication links. 

7.2.3.1 Possible Solution

For effective use of reordering and in-order delivery in the PDCP layer in non-terrestrial networks, the parameter range for the t-Reordering timer has to be extended according to the longer RTDs of NTN. 

7.2.3.3 
Sequence Number and Window Size

7.2.3.3.1 
Problem statement
12bit and 18bit are specified as possible PDCP sequence number (SN) field length in NR [5]. Resulting in a maximum of 262 144 different SNs or a Window_Size of 131 072. 

In order to avoid stalling, the ratio between Window_Size and the maximum number of used SN needs to be considerably large. The number of used SN is determined by the round trip delay, the subcarrier spacing, the number of PDCP SDUs which are mapped to one RLC SDU and the number of RLC SDUs which are mapped to one MAC SDU.

In case of NTN the large round trip delay increases the number of used SN significantly. Besides, the number of RLC SDU in NTN is large. This comes also from the fact that in NTN retransmissions in the RLC layer are highly relevant for reliable communication links, especially in case of disabled HARQ see section 7.2.2.2. By these aspects, the number of used SN in a Window_Size reaches its limit.
A possible approach to cope with this limitation is to extend the sequence number field length for NTN and increase the AM_Window_Size accordingly. 
7.2.3.3.2 
Possible Solution
For continuously transmission of PDCP packets in NTN, the PDCP sequence number (SN) and the Window_Size has to be extended.
7.2.4
SDAP

7.3

Control plane enhancements 

* * * End of changes * * * * (NEW TEXT)
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