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1. Introduction

Study on NR Sidelink Relay is agreed in [1] and in [2] RAN WG 1/2/3 Planning has been updated. The principle justification of the agreed study is based around “coverage extension”: as copied below:
[image: image1.png]3 Justification

For Release 16, a first version of NR sidelink has been developed and it solely focuses on supporting V2X related road
safety services. The design aims to provide support for broadcast, groupcast and unicast communications in both out-of-
coverage and in-network coverage scenarios. On top of that, sidelink-based relaying functionality should be additionally
studied or sidelink/network ﬁ and power efficiency improvement, considering wider range of
applications and services

To further explore coverage extension for sidelink-based communication,

- UE-to-network coverage extension: Uu coverage reachability is necessary for UEs to reach server in PDN network
or counterpart UE out of proximity area. However, release-13 solution on UE-to-network relay is limited to
EUTRA-based technology, and thus cannot be applied to NR-based system, for both NG-RAN and NR-based
sidelink communication.

- UE-to-UE coverage extension: Currently proximity reachability is limited to single-hop sidelink link, either via
EUTRA-based or NR-based sidelink technology. However, that is not sufficient in the scenario where there is no
Uu coverage, considering the limited single-hop sidelink coverage.

Overall, sidelink connectivity should be further extended in NR framework, in order to support the enhanced QoS
requirements




In addition, Reliability requirements are growing up. SA2 sent a LS to RAN2 in [3] where the required reliability is as high as 10^-6 for Mission Critical delay sensitive signalling (e.g. MC-PTT and other public safety services) and Mission Critical data. In future the CSA (Communication service availability) and corresponding required reliability will go further up as already can be seen from Service requirements for cyber-physical control applications in vertical domains [4] and from Service requirements for the 5G system [5]. It is in 3GPP’s interest if the sidelink communication can live up to these demanding requirements. This paper presents a high level description of how this can be achieved using sidelink relays (both U2N and U2U) in Rel. 17 keeping the new timelines in view.
2. Discussion
Starting with user plane architecture: the solution architectures for L3 relays for U2N and U2U [6] include PDCP protocol in the relay node:
U2N L3 (solution#6 of [6])
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Figure 1
U2N L3 (solution#23 of [6]) – here PDCP protocol is part of PC5 and Uu protocol
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Figure 2
…and U2U L3
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Figure 3
So, when using L3 architecture for U2N or U2U relays, it would be possible to use the well-known PDCP functionality as a baseline and adapt it to duplicate PDCP SDUs (into more than one replica) at the transmitter side. 

In case of L2 relays, as shown below, there’s no PDCP protocol running in the relay UEs, allowing the receiver PDCP protocol to remove the duplicates:
U2N L2 
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Figure 4
U2U L2
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Figure 5
Since it is likely that as a result of compromise (in SA2, RAN2) both L2 and L3 relays may need to be supported from specification perspective. Therefore, RAN2 should look at PDCP based packet duplication for both L2 and L3 Relays.
Observation 1: Both L2 and L3 relays may need to be supported from specification perspective.

Next, to the control plane architecture: Looking at the control plane architectures in [6], it is clear that the PDCP split functionality for packet duplication/ multiplication can be used to increase reliability for the control plane in the same way as described above for the user plane.
Therefore:

Proposal 1: RAN2 kindly study the PDCP split functionality for packet multiplication for U2N, U2U relays for both user and control plane L2 as well as L3 architectures.
An obvious disadvantage of the PDCP split solution is the battery impact on the transmitter (UE) as this node/ UE needs to make multiple transmissions of the same packet. This disadvantage can be overcome if multiple Relays attempt to receive the MAC TB transmitted by the transmitter (remote UE/ gNB). This works if selected relays are aware of the destination’s identity and thereby ensure that the received packet is not filtered out at the L1/ MAC. This can even allow the direct destination (UE3 or a gNB in below Figure 6) to attempt reception of the packet transmitted by the transmitter (UE1 in UL/ forward link, gNB in DL):
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Figure 6
Since, the alternate solution works irrespective of the presence of PDCP protocol in the relay UE, this solution can work for all 4 relay UEs (U2N, U2U – L2/ L3) without requiring specific adaptations. 

Proposal 2: RAN2 kindly study an alternate way of creating multi-path diversity making a transmission receivable by selected relay(s) for U2N, U2U relays for both user and control plane L2 as well as L3 architectures.
As elements of PDCP split functionality and alternative multi-path diversity has been specified since a long time in 3GPP, the adaptation of this for SL will not take long time and it should be possible to do this in R17 timeframe. Proponents are however aware of the agreement during RAN2#111-e as part of AI 8.7.2 "[Revised P12]: For UE to UE relay, RAN2 assumes the remote UE has an active end to end connection via only a single relay UE at a given time." For U2N relay no agreement was reached in RAN2#111-e and RAN2#112-e:" [Revised P11]: For UE to NW relay, RAN2 assumes the remote UE has an active end-to-end connection via only a single relay UE or via Uu at a given time.  The remote UE can have a direct Uu connection or a connection via a single relay UE, but these two connections should not be active at the same time. Mechanisms for ensuring service continuity (e.g. during path switch) are not precluded." The proposal seems to be common for L2 and L3. It is possible to respect these agreements and design SL relaying via only one relay of multiple relays at a time.

Observation 3: It is possible to respect RAN2#111-e agreement and design SL relaying via only one of the multiple relays at a time.

In practice however such restriction would rather require further specification work e.g. in restricting or ensuring that a new transmission does not use another RLC entity if the previous transmission using the first RLC entity has not yet finished. In the study + work phase RAN2 can specify such restriction or completely do away with “only one active” connection, if found beneficial and simple. This seems now possible to further work on this as RP-202868 allows more time for the study & subsequent work.

Observation 4: RAN plenary allows further work time for SL Relay in RP-202868.

We can start by first capturing the above discussion in TR 38.836

Proposal 3: RAN2 is requested to capture the following proposed reliability solutions in TR 38.836:
a) PDCP based duplication reliability
b) Using multi-path diversity – making a transmission receivable by selected relay(s)
3. Conclusion

This document discussed topic of providing Reliability and Coverage using relays and following proposals are made as a result:
Observation 1: Both L2 and L3 relays may need to be supported from specification perspective.

Proposal 1: RAN2 kindly study the PDCP split functionality for packet multiplication for U2N, U2U relays for both user and control plane L2 as well as L3 architectures.
Proposal 2: RAN2 kindly study an alternate way of creating multi-path diversity making a transmission receivable by selected relay(s) for U2N, U2U relays for both user and control plane L2 as well as L3 architectures.
Observation 3: It is possible to respect RAN2#111-e agreement and design SL relaying via only one of the multiple relays at a time.

Observation 4: RAN plenary allows further work time for SL Relay in RP-202868.

Proposal 3: RAN2 is requested to capture the following proposed reliability solutions in TR 38.836:

a) PDCP based duplication reliability

b) Using multi-path diversity – making a transmission receivable by selected relay(s)
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