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1   Introduction
The work on Proximity-based services (ProSe) has been taking place in SA2 for many months now (please see TR 23.752). As a result, several “key issues” (KIs) and related solutions have been identified by SA2 and agreed for further study. In some cases, links to required underpinning RAN work have been clearly identified.
In this tdoc we present an overview of KIs which we think have an impact on RAN2 work, and should be included in the Sidelink relay (SL) Study Item. Of course, there will be other issues which may be completely confined to RAN2, but we believe that the issues already identified by SA2 are a good start in scoping out the SL SI. 
2   Direct discovery
Here we refer to the procedure used for a UE to be discovered or to discover other UE(s) in proximity over the PC5 interface. SA2 are studying several solutions for this, some of them involving certain optimizations or specific scenarios or use of existing (e.g. V2X) solutions. What we think belongs within the RAN2 remit is ProSe 5G Direct Discovery using PC5 communication channel, which relies on messages that are carried within the same layer-2 frames as those used for ProSe direct communication over NR PC5 reference point.
To be more precise, this is the Layer-2 frame format for ProSe discovery according to SA2:


Figure 1

“Frame Type” in the discovery message format is similar to “Message Type” parameter in LTE ProSe and will be fully transparent to AS. Therefore, the message format itself is up to SA2/CT1. However, the design to distinguish discovery messages (from signalling and data messages) should be part of the RAN2 SL SI.
As physical layer discovery will not be considered in the SL SI, we can either use PC5-S or PC5-U messages. Since NR PC5-S is defined only for SL unicast, RAN2 would need to study whether it can be directly applied as a discovery message. Regarding use of PC5-U messages, in this scenario SDU type field in PDCP header could be used to distinguish the discovery message. It is however currently unclear whether PC5-U messages are even an option, since SA2 agreed that “ProSe 5G Direct Discovery using PC5 communication channel relies on signalling messages” – although this is just one of the solutions in the SA2 TR. Either way, even though these are upper layer messages, RAN2 will need to do some study on impact of each of the options on RAN and any related work to be done by RAN2.
Proposal 1: RAN2 will include the topic of ProSe 5G Direct Discovery using PC5 communication channel in Rel-17 SL SI work. 
Proposal 2: RAN2 will study the use of PC5-S and PC5-U messages for the design of ProSe 5G Direct Discovery messages.
The SA2 have agreed that the solution for this KI should strive to achieve a common direct discovery procedure for discovering a 5G ProSe enabled UE, 5G ProSe UE-to-Network Relay and a 5G ProSe UE-to-UE Relay and we think the RAN2 design should mirror this:

Proposal 3: RAN2 will strive to achieve a common direct discovery procedure for discovering a 5G ProSe enabled UE, 5G ProSe UE-to-Network Relay and a 5G ProSe UE-to-UE Relay.
For a more detailed discussion on direct discovery, please refer to our companion paper [1].

3   Path selection
There are several scenarios where path (re)selection is needed:

· path selection between two indirect network communication paths (i.e. scenario where both paths use relaying);
· path selection between a direct network communication path and an indirect network communication path;

· path selection between a ProSe direct communication path and a direct network communication path (please note that this last scenario has been ruled out from Rel-17 scope by SA2).
As identified by SA2, path selection could be made by the UE based on some operator-configured or network-assisted policy. While most of this work is within SA2 remit, and the related RAN2-work can reuse existing procedures (e.g. RAN QoS Notification Procedure towards PCF for Uu), there are nevertheless some new issues to be solved by RAN2. 
For instance, UE could perform communication path selection between direct Uu path and indirect Uu path based on the link quality and the configured threshold. The threshold could be pre-configured but could also be provided by the gNB. In addition, for the path switch case, it is the gNB that may perform communication path selection based on the signal level/quality of different paths. Additional issues for RAN2 present themselves here. More specifically, gNB will require PC5 link status and Uu link status, and QoS requirements. Therefore, how and whether RAN detects expected QoS targets fulfilment status per path is an open issue. From RAN2 perspective, measuring and reporting between Remote UE/Relay/gNB should be studied.
Proposal 4: RAN2 will include the topic of Path Selection in Rel-17 SL SI work, including:
- path selection between two indirect network communication paths (i.e. scenario where both paths use relaying); and
- path selection between a direct network communication path and an indirect network communication path.
Proposal 5: The case of path selection between a ProSe direct communication path and a direct network communication path is outside of Rel-17 scope.
Proposal 6:  RAN2 will include measuring and reporting between Remote UE/Relay/gNB, as well as specific radio criteria and corresponding thresholds for initial path selection and path switching, in its study.
4   QoS handling
For the case of public safety and interactive services, NR PC5 ProSe communication including unicast and groupcast needs to be supported.
In order to support QoS handling for ProSe communication in this particular use-case, SA2 have agreed to define new PQI values and RAN2’s input in this is expected. We agree that the issue of new PQI values should form part of the RAN2 study, but our view is that this should only be done as part of the existing QoS framework for NR sidelink communication. We therefore propose the following:
Proposal 7: RAN2 will study how to support any new PQI values needed for public safety services via the existing QoS framework of NR sidelink communication. 

5   Support of UE-to-Network Relay functionality
5G ProSe needs to support UE-to-Network Relay, as agreed by SA2. In other words, support for the case where the UE accesses the network via “indirect network communication” (relaying in RAN parlance) has been agreed. This is the architecture model adopted by SA2 (as shown in Figure 1):
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Figure 1
Remote UE needs to perform discovery of a ProSe 5G UE-to-Network Relay, and this has impact on RAN2; as does the relay reselection. Additional technical topics within RAN2 remit include overhead impact (including radio efficiency, latency and reliability) of various solutions/sets of solutions (e.g. L3 relay vs. L2 relay).
The end-to-end connection from the Remote UE to the AS involves two over-the-air links, Uu and PC5. Therefore, to meet the delay requirements for a particular service, the budget utilized by the NG-RAN may need to be reduced, in order to allocate some additional delay budget for the PC5 link. Note that this is independent of whether L2 or L3 relay architecture is used (more on this in Section 6). One way to achieve this without affecting the NG-RAN is for 5GC to modify the delay requirement signalled to the NG-RAN in the QoS Profile for the QoS Flows of the remote UE's traffic. Whether any other enhancements for dynamic QoS handling can be supported via NG-RAN can be studied.  
Another interesting aspect is the case where the relay uses E-UTRAN to connect to the network, as in the diagram in Figure 2 – whether to support it, and the impact of that decision on RAN:
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Figure 2
Proposal 8: RAN2 will include the topic of support of UE-to-Network Relay in Rel-17 SL SI work, including: 
- discovery of a ProSe 5G UE-to-Network Relay, 
- relay selection and reselection,
- L2 vs. L3 UE-to-Network Relay protocol stack,
- impact of architecture options on various parts of the network (CN, RAN, PC5, …),
- overhead impact of different relay architectures,
- NG-RAN role in dynamic QoS handling,
- case of relay connecting to an ng-eNB.
6   Support of UE-to-UE Relay functionality

5G ProSe needs to support UE-to-UE Relay, as agreed by SA2. The communication via the UE-to-UE Relay can be performed at using either Layer-2 or Layer-3 architecture.
When the communication via the UE-to-UE Relay is performed at Layer-3, the simplified Layer-2 format for ProSe 5G communication is depicted in Figure 3 (as described by SA2):
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Figure 3
When the communication via UE-to-UE Relay is performed at Layer-2, the Layer-2 frame header is used as illustrated in Figure 4 (as described by SA2). In addition to the Source Layer-2 ID and Destination Layer-2 ID fields, the header has in addition a "Relay Layer-2 ID" field and a "Direction" field:
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Figure 4
The Layer-2 frame in Figures 3 and 4 are high-level illustrations of the required addressing functionality in Layer-2 header. The exact Layer-2 frame format needs to be studies in RAN WGs.
Proposal 9: RAN 2 will include the topic of support of UE-to-UE Relay in Rel-17 SL SI work, including: 
- discovery of a UE-to-UE Relay, 
- relay selection and reselection,
- L2 vs. L3 UE-to-UE Relay protocol stack, 
- Overhead impact of different relay architectures, 
- Layer-2 frame format of different relay architectures.
In our view, some prioritization will however be needed and our preference is to study the issues relating to UE-to-NW relaying first, and apply the results to UE-to-UE relaying design (the common aspects). Time permitting, we could then handle UE-to-UE relaying specific issues but otherwise we think we should not study UE-to-UE relaying in this release (beyond any common features it shares with UE-to-NW relaying). We therefore propose the following (with additional discussion in [2]):
Proposal 10: RAN2 will prioritize UE-to-NW relaying and only study specific UE-to-UE relaying features (i.e. go beyond any common features) if time allows.
7   PC5 service authorization

This refers to procedures related to PC5 service authorization and policy/parameter provisioning to a UE. This aspect is within SA2 remit, using procedures specified in TS 23.287 as a starting point. SA2 will study only necessary enhancements on top of this baseline.
Any enhancements agreed by SA2 may impact RAN via any new content included by SA2 in the NGAP message sent to NG-RAN. This may include authorization for UE to use ProSe Direct Discovery and communication over PC5 reference point, as well as the PC5 QoS parameters to be used by the NG-RAN. Nevertheless, at this stage in our view RAN2 should follow SA2 findings and implement any changes if needed.

Proposal 11: RAN2 will follow SA2’s findings on authorization for Remote UE or Relay UE with 5GC.
8   Conclusions

In this tdoc, and starting from the ongoing SA2 work, we presented multiple proposals to help narrow down and focus the RAN2 work:
Proposal 12: RAN2 will include the topic of ProSe 5G Direct Discovery using PC5 communication channel in Rel-17 SL SI work. 

Proposal 13: RAN2 will study the use of PC5-S and PC5-U messages for the design of ProSe 5G Direct Discovery messages.
Proposal 14: RAN2 will strive to achieve a common direct discovery procedure for discovering a 5G ProSe enabled UE, 5G ProSe UE-to-Network Relay and a 5G ProSe UE-to-UE Relay.

Proposal 15: RAN2 will include the topic of Path Selection in Rel-17 SL SI work, including:
- path selection between two indirect network communication paths (i.e. scenario where both paths use relaying); and
- path selection between a direct network communication path and an indirect network communication path.
Proposal 16: The case of path selection between a ProSe direct communication path and a direct network communication path is outside of Rel-17 scope.
Proposal 17:  RAN2 will include measuring and reporting between Remote UE/Relay/gNB, as well as specific radio criteria and corresponding thresholds for initial path selection and path switching, in its study.
Proposal 18: RAN2 will study how to support any new PQI values needed for public safety services via the existing QoS framework of NR sidelink communication. 

Proposal 19: RAN2 will include the topic of support of UE-to-Network Relay in Rel-17 SL SI work, including: 
- discovery of a ProSe 5G UE-to-Network Relay, 
- relay selection and reselection,
- L2 vs. L3 UE-to-Network Relay protocol stack,
- impact of architecture options on various parts of the network (CN, RAN, PC5, …),
- overhead impact of different relay architectures,
- NG-RAN role in dynamic QoS handling,
- case of relay connecting to an ng-eNB.
Proposal 20: RAN 2 will include the topic of support of UE-to-UE Relay in Rel-17 SL SI work, including: 
- discovery of a UE-to-UE Relay, 
- relay selection and reselection,
- L2 vs. L3 UE-to-UE Relay protocol stack, 
- Overhead impact of different relay architectures, 
- Layer-2 frame format of different relay architectures.
Proposal 21: RAN2 will prioritize UE-to-NW relaying and only study specific UE-to-UE relaying features (i.e. go beyond any common features) if time allows.
Proposal 22: RAN2 will follow SA2’s findings on authorization for Remote UE or Relay UE with 5GC.
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