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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]A new study item entitled “Study on NR sidelink relay” was approved in RAN to consider the support of sidelink-based relaying functionality for NR, focusing on sidelink/network coverage extension and power efficiency improvement in order to cater to a wider range of applications and services [1]. It includes consideration of both UE-to-network as well UE-to-UE scenarios and is comprised of the following core objectives:
	1. Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable) for layer-3 relay and layer-2 relay [RAN2];
A. Relay (re-)selection criterion and procedure;
B. Relay/Remote UE authorization;
C. QoS for relaying functionality;
D. Service continuity;
E. Security of relayed connection after SA3 has provided its conclusions;
F. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
2. Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];

NOTE 1: The study shall take into account of further input from SA WGs, e.g., SA2 and SA3, for the bullets above (if applicable).
NOTE 2: It is assumed that UE-to-network relay and UE-to-UE relay use the same relaying solution.
NOTE 3: Forward compatibility for multi-hop relay support in a future release needs to be taken into account.
NOTE 4: For layer-2 UE-to-network relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point.



This contribution focuses on the highlighted objective, i.e. how to support discovery model and procedures for sidelink relaying. In this contribution, we provide a brief background of the work done so far on supporting sidelink discovery over PC5, list some key assumptions for developing any potential solutions and then analyze the various solutions being considered in SA WGs [2] to highlight key aspects for future discussion to support any such potential solutions from RAN2 point of view.
1. Discussion
Background information
Several architectural enhancements have been identified and evaluated to support relaying for proximity based services in [2], based on the normative stage-1 general requirements in TS 22.278 [3], TS 22.261 [4] and TS 22.115 [5]. The key relevant requirement for the context of this contribution is “to enable the direct discovery of the ProSe-enabled UE by other ProSe-enabled UEs within the same PLMNs or different PLMNs, including in coverage and out of coverage”. This is embodied by the key issue#1 in [6] as follows:
	[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc26173002][bookmark: _Toc30666492][bookmark: _Toc31029786][bookmark: _Toc31030677][bookmark: _Toc43388241][bookmark: _Toc43735472][bookmark: _Toc43994045]5.1	Key Issue #1: ProSe Direct discovery
[bookmark: _Toc435670434][bookmark: _Toc436124704][bookmark: _Toc509905227][bookmark: _Toc26173003][bookmark: _Toc30666493][bookmark: _Toc31029787][bookmark: _Toc31030678][bookmark: _Toc43388242][bookmark: _Toc43735473][bookmark: _Toc43994046]5.1.1	General description
The ProSe direct discovery procedure is used for a UE to discover or be discovered by other UE(s) in proximity over the PC5 interface. The UE can discover other UE(s) with interested application(s) and/or interested group(s) using the ProSe direct discovery procedure. This solution for this key issue should strive to achieve the 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.
Following issues need to be addressed in this key issue:
-	Discover (or discovered by) other UE(s) in interested group(s) over PC5 interface, the group information can come from application layer.
-	Discover (or discovered by) other UE(s) also supporting interested application(s) over PC5 interface.
-	If the UE is out of coverage, discover (or discovered by) other UE(s) in coverage or out of coverage.
-	Network is able to control the ProSe direct discovery procedure when the UE is in coverage.
NOTE:	The ProSe direct discovery procedure can be used to perform the ProSe direct communication, e.g. one-to-many direct communication, one-to-one direct communication.



Before delving into the possible solutions that have been proposed in [2], it would be useful to consider the work that has been done so far for enabling SL discovery in previous releases. In Rel-12, in order to support Proximity Services (ProSe) Device-to-Device (D2D) communication, the concept of “direct discovery” was introduced at the AS layer to facilitate the ProSe Direct Discovery procedure outlined in [7]. The intended use cases for the direct discovery procedure were both public safety as well as commercial scenarios. While it was initially limited only to UEs within network coverage, it was later extended to support out of coverage operation as well. Two types of direct discovery were supported: Open, where there is no explicit permission needed from the UE being discovered, and Restricted, where discovery only takes place with explicit permission from the UE  being discovered. From a modeling perspective, two distinct operational scenarios were considered:
· Model A, which involves an announcing UE broadcasting discovery messages at pre-defined discovery intervals and the potential monitoring UEs that are interested in these messages reading and processing them. Both open and restricted discovery types are supported by Model A.
· Model B, which involves a discoverer UE transmitting request containing information about what it is interested to discover and a discoveree UE that receives the request message and can respond with some information related to the discoverer's request. Only restricted discovery type is supported by Model B.
In order to support this mechanism at the AS layer, the Physical Sidelink Discovery Channel (PDSCH) was defined and several procedures were formulated for the UE to be able to monitor and/or transmit discovery related information to support direct discovery. The reader is encouraged to consult [8] for more details on the AS layer procedures for sidelink discovery, but it is important to note that the AS layer protocol stack to support ProSe discovery was quite lightweight, at least when compared to ProSe direct communication. For instance, the contents of the discovery message were carried transparently at the AS layer and no separate logical channel or radio bearer was defined to carry sidelink discovery related signaling. The protocol stack for the ProSe direct discovery related signaling [7] is shown in Figure 1.
[image: ]
Figure 1 Protocol stack for ProSe Direct Discovery

The discovery procedure was later enhanced in Rel-13 to support partial and outside network scenarios (targeting primarily public safety use cases), enhance D2D discovery support in the presence of multiple carriers and PLMNs and allow for PSDCH for UE-to-NW relay support. For the final aspect, the usage of RSRP over PSDCH was used to identify link quality between the remote and the relay UE. Furthermore, in Rel-15, as part of the study on Further enhancements for D2D communications (FeD2D), further discovery enhancements were considered, such as defining new PSDCH formats, relay selection criteria, multi-shot discovery transmissions and eNB assistance signaling to assist remote UE in relay discovery and so on. Note that while the work in Rel-15 focused on utilizing Layer-2 based relay (as opposed to earlier D2D relaying work, which assumed Layer-3 based relaying), the same PDSCH design was considered as baseline.
On the other hand, sidelink discovery has not been a key area of focus when it comes to V2X communication design. In LTE V2X and NR V2X design, the main paradigm of discovery has been through communication itself, with the assumption that the UEs interested in discovering other UEs can rely on upper/application layer procedures/signaling to do so. Consequently, for NR V2X, no separate physical channel has been designed to carry discovery related messages (unlike the PSDCH for LTE sidelink). This is also evident from the SI description, which states that no new physical channel is assumed to enable sidelink discovery. 
[bookmark: _Hlk37338252]Observation1:	Two distinct approaches (ProSe direct discovery using PSDCH vs implicit discovery without a dedicated discovery channel) have been utilized in the past work in 3GPP to enable sidelink discovery.

Key assumptions
Given that we are at the very nascent stage for this SI, we think it is worthwhile to establish a set of key assumptions that can form the bedrock of any future design for mechanisms enabling SL discovery for relaying. In this regard, at least the following principles can be considered:
[bookmark: _Hlk47363572]It is expected that regardless of whether a Layer-2 or Layer-3 based relay is used or whether it is a UE-to-NW or UE-to-UE relay, the relaying procedure is connection-oriented. In other words, a logical connection is first expected to be set up between the remote and relay UEs before any relaying is performed. 
1) Both the remote and the relay UEs shall be authorized and provisioned by the core network for sidelink discovery for relaying. It is assumed that NAS/upper layers handle the authorization and provisioning for SL discovery with no interaction with the AS layer.
In case of UE-to-NW relaying, the remote UE is able to discover or be discovered regardless of whether or not it is in network coverage (as long as it meets configured link quality criteria when applicable). In case of UE-to-UE relaying, this applies to the relay UE as well.
The UE needs to be configured by the network to perform SL discovery both in coverage (RRC_CONNECTED, RRC_IDLE or RRC_INACTIVE) as well as out of coverage. This is applicable regardless of whether the UE intends to act as a relay or a remote UE.
There is no need to distinguish between open and restricted discovery at the access stratum.
Both model A and model B can be considered when studying mechanisms to enable sidelink discovery. (It can be further studied whether there is a difference in AS layer procedures to support both modes of discovery)
Based on the SI description, it is assumed that no new transport channel is defined for sidelink discovery.
Regardless of how and what mechanism is ultimately designed to enable sidelink discovery for relaying, we think it is worthwhile to first agree on these set of assumptions to facilitate future work. To this end, we propose to capture the assumptions above in the TR.
[bookmark: _Hlk47364061]Proposal 1:	RAN2 is suggested to capture the following key assumptions related to sidelink discovery in the TR:
1. It is expected that regardless of whether a Layer-2 or Layer-3 based relay is used or whether it is a UE-to-NW or UE-to-UE relay, the relaying procedure is connection-oriented. In other words, a logical connection is first expected to be set up between the remote and relay UEs before any relaying is performed.
Both the remote and the relay UEs shall be authorized and provisioned by the core network for sidelink discovery for relaying. It is assumed that NAS/upper layers handle the authorization and provisioning for SL discovery with no interaction with the AS layer.
In case of UE-to-NW relaying, the remote UE can discover or be discovered regardless of whether or not the UE is in coverage. In case of UE-to-UE relaying, this applies to the relay UE as well.
The UE needs to be configured by the network to perform SL discovery both in coverage (RRC_CONNECTED, RRC_IDLE or RRC_INACTIVE) as well as out of coverage. This is applicable regardless of whether the UE intends to act as a relay or a remote UE.
There is no need to distinguish between open and restricted discovery at the access stratum.
Both model A and model B can be considered when studying mechanisms to enable sidelink discovery.
Based on the SI description, it is assumed that no new transport channel is defined for sidelink discovery.

Discussion on potential solutions for enabling SL discovery
Analysis of solutions proposed by SA2
As a next step, we think it would be good to perform a preliminary analysis of some of the solutions that have been discussed in the SA2 TR 23.713 in order to understand the potential impact of supporting SL discovery mechanisms from the AS layer perspective. In this regard, a brief analysis of some of the solutions proposing the usage of ProSe direct discovery in [2] is shown in Table 1:

Table 1 A brief analysis of solutions proposed to enable sidelink discovery in TR 23.713
	Solution in TR 23.752
	Short summary
	Applicability for UE-to-NW and UE-to-UE relaying
	Potential AS layer impact

	#1
	Proposes to use both open and restricted ProSe Direct discovery and support both model A and B 
	Mainly considers UE-to-NW relaying, but can be applicable for both. Mainly for in-coverage scenario
	It is not clear how the ProSe direct discovery singling is supported and carried at the AS layer. 

	#2
	Proposes to use PC5-S direct communication procedure to implement the Direct Discovery, as in V2X communication
	Both can be applicable
	Since it relies on UE obtaining relevant L2 identities from upper layer, AS layer impact is limited.
There can be potential security concerns since it can be sent before PC5 connection establishment 

	#3
	Definition of a new Layer-2 frame format to allow transmission of ProSe direct discovery related messages
	Both can be applicable
	Requires designing a new Layer-2 frame with fields to distinguish ProSe Direct Discovery messages from other PC5-S messages.
Signaling overhead due to repetitive/broadcast nature of discovery messages.

	#4
	Targets mainly group discovery and uses broadcast/groupcast of ProSe discovery to UEs interested in a particular application
	Mainly focused on UE-to-UE relaying
	Same as in case of solution #1, i.e. how to carry ProSe Direct discovery signaling.

	#19
	Proposes to include relay related information within the ProSe direct discovery messages to discover remote/relay UE(s)
	UE-to-NW relay
	Same comments as in solution #1

	#33
	Relies on network assistance to set up a UE-to-UE relay, once a PC5 connection between the UEs is already established
	UE-to-UE relay
	In addition to the aspects discussed above, the criteria for how a proper relay is selected is an open issue.
Only applicable for in coverage scenario



From the preliminary analysis above, two points can be observed. Firstly, while there are several solutions proposed to support upper layer operations of discovery model/procedure for sidelink relaying, from AS point of view, they can be broadly categorized into two main categories:
Mechanisms similar to legacy D2D discovery principle, whereby the upper layer ProSe direct discovery signaling is directly used and carried over the shared sidelink channel rather than a dedicated physical channel for discovery.
Mechanisms similar to NR V2X communication principle, whereby the UE relies on implicit discovery, i.e. upper layers are deemed responsible for discovery related signaling between the relay and remote UE(s), without special handling of said signaling at the AS layer.
For the first approach, we note that while several variants have been proposed, the fundamental idea is essentially to reuse the ProSe direct discovery procedure to allow the potential remote and relay UEs to discover each other. In particular, as described in Section 6.1.2 in [6], the UEs shall be able to support the UE-Network relay discovery, group member discovery and UE-to-UE relay discovery procedures. While there is no dedicated channel to carry this signaling, there can still be a number of different ways to carry such signaling instead, some of which are discussed further below. For the latter approach, the essential idea is that the responsibility of handling SL discovery is relegated to the upper layers. This includes authorization and provisioning of SL discovery for the purpose of relaying, obtaining essential identifiers from the network as well as mapping to corresponding Layer-2 destination identities to be used for PC5-RRC connection setup. In this case, limited need is foreseen to introduce new mechanisms or signaling to support SL discovery at the AS layer.
Observation2:	Considering the potential solutions proposed for study in SA2 TR 23.713, they can be broadly categorized into two classes: 1) ProSe Direct Discovery signalling directly carried over the shared sidelink channel and 2) Implicit discovery based on Direct Communication Procedure (similar to NR V2X).

Open issues for AS Layer
Secondly, it is clear that regardless of which mechanism is ultimately down-selected for sidelink discovery, there are several open issues that pertain to the AS layer design. We think at least the following aspects should be considered when studying mechanisms to support SL discovery for relaying:
1. How to carry ProSe Direct Discovery signaling given the absence of a dedicated physical channel:
This, in our view, is the most crucial aspect to consider, given the absence of a dedicated physical channel. If we go with the first approach as in the observation above, several mechanisms are possible. The ProSe signaling can be carried over the shared sidelink channel (PSSCH) alongside other data and control signaling. Alternatively, separate resources can be allocated for the UEs to send discovery related signaling to avoid contention with data/control signaling. By contrast, if we go with the second approach, the AS layer can assume that the discovery procedure is handled by the upper layers and transmission/reception of Direct Communication Request/Response PC5-S signaling can serve the need for implicit discovery. 
Given that we are at the very beginning of the SI, we think it is worthwhile to discuss the pros and cons of any such mechanisms before any down-scoping is performed.

How to ensure selection of valid Layer-2 source and destination identities for transmission and reception of discovery related messages:
Somewhat related to the above issue, this pertains to the interaction between the ProSe and AS layers in terms of how the necessary identifiers are determined by the UE for setting up a PC5-RRC connection. In NR V2X, it is the responsibility of the upper layers to provide the AS layer with the source and destination Layer-2 identifiers as well as maintain a mapping between the application layer IDs and the Layer-2 IDs within a PC5 unicast link profile [9]. This gives rise to a simple and clean design where AS is not aware of the particular applications running at the UE as well as the existence of other UEs in the vicinity running the same applications and interested in discovering this UE. The same mechanism can be reused for SL relaying, whereby the ProSe Layer is provided a set of identities from the ProSe application layer and from this provisioned information, the ProSe Layer then uses these identities to determine the applicable Layer-2 identities to be used by the AS in the Direct Communication procedure.
In short, reusing the V2X principle of relying on upper layers to determine the applicable source and destination Layer-2 IDs for discovery related signaling can be useful.

How to ensure security, provision of integrity protection and ciphering (if applicable) for sidelink discovery related messages:
While the realm of security lies mostly in the domain of SA WGs, it might be worthwhile to consider any potential security aspects for SL discovery in RAN2 as well. For instance, based on the discussion above, if a D2D-like discovery procedure is considered where the ProSe Direct Discovery signaling is transported in some way by the AS layer, the security ramifications of sending it unprotected over sidelink should be kept in mind. This is because, similar to the first Request message in the Direct Communication procedure for NR V2X unicast communication, the message would ostensibly have to be sent unprotected since security has not yet been established. 
In our view, at this juncture, RAN2 can wait for further SA2 progress related to security aspects for SL discovery procedure for relaying.

How to ensure network control of sidelink relaying operation for UE-to-NW or UE-to-UE relaying:
One of the key aspects highlighted in [6] is to ensure network control overall aspects of SL relaying, including the determination of when the UE can act as a relay or discover potential relay UEs. In addition to the provisioning and authorization procedure mentioned before, this includes consideration of any AS layer criteria as well as the amount of network control therein. Some preliminary discussion in this regard is tabulated in Table 2 below:

Table 2 Discussion on potential scenarios and AS layer criteria to enable SL relaying
	
	Discovery Scenario
	AS layer criteria
	Comments

	1
	Whether UE can advertise as a UE-to-NW relay when in coverage (model A)
	Uu link quality
	In this case, the network can control the relaying operation directly, e.g. by providing a Uu link quality threshold

	2
	Whether UE can look for a UE-to-NW relay, either in coverage or out of coverage (model B)
	Uu link quality + PC5 link quality for relay (re-) selection
	The network can control whether or not the remote UE can look for a relay UE based on a Uu link quality criteria for the “direct” link as well as PC5 link quality criteria to determine whether the relay link is stable enough for relaying. 

	3
	Whether UE can advertise as a UE-to-UE relay, either in coverage or out of coverage (model A)
	PC5 link qualities
	The network can provide PC5 link quality criteria in this case for the relay UE to determine if the links to the source and target UEs are stable enough for relaying.

	4
	Whether UE can look for a UE-to-UE relay, either in coverage or out of coverage (model B)
	PC5 link quality to relay UE + PC5 link quality to target UE
	Similar to the above case, the network can configure link quality criteria for the UE’s direct link to the target UE as well as the link to potential relay UE(s).



While the table above focuses primarily on link quality and how it can be used by the network, , the following aspects are also worth considering:
· How the link quality is determined by the UE?
· In options 1 and 3 above, whether the Uu link quality information can also be included as part of the discovery message, to potentially allow for any remote UEs to “rank” relay UEs when performing relay selection?
· Whether any additional radio layer criteria such as channel conditions, congestion, QoS for relayed traffic and UE capabilities need to be considered when advertising as a relay or soliciting response from potential relay UEs.
In short, at least the link quality can be used as a configurable criterion by the network to control SL discovery for relaying. At the same time, how to define link quality, the need for any other criteria and how to configure them can be further studied.

How to extend the SL discovery procedure to groupcast sidelink communication:
While the most relevant form of communication for relaying to the network or another UE seems to be unicast, an open issue from SA2 discussions seems to be the support of groupcast communication in the context of a relay. Specifically, UEs within an application layer group can rely on a relay UE (most likely the group leader UE) to relay data from other group UEs, either to the network or other UEs. In this case, some enhancements at the AS layer to handle discovery related signaling for group formation (e.g. platooning) differently from a typical unicast connection scenario are possible. However, from NR V2X design standpoint, there is no notion of group creation and management and the group leader is not visible at the AS layer. Enabling such a functionality in order to allow for SL discovery for relaying then, does not seem to be worth the specification effort. The alternative, i.e. relying on upper layer signaling to manage the discovery of UEs within an application layer group by provisioning, authorization and determination of Layer-2 identifiers for use at the AS layer is preferable to ensure minimum specification impact from RAN2 point of view.
In our view, no special handling is needed at the AS layer to enable groupcast scenarios when considering SL discovery for relaying. 
[bookmark: _Toc465993084]Proposal 2:	RAN2 is suggested to discuss the following aspects with respect to potential RAN2 impacts to enable sidelink discovery for relaying in Rel-17:
· Support of ProSe Direct Discovery signaling given the absence of a dedicated physical channel
· Selection of valid Layer-2 source and destination identities for transmission and reception of discovery related messages
· Security, provision of integrity protection and ciphering (if applicable) for sidelink discovery related messages
· Network control of sidelink discovery operation for UE-to-NW or UE-to-UE relaying
· Sidelink discovery for relaying in unicast vs groupcast scenarios

[bookmark: _Hlk47636309]Proposal 3:	It is proposed to reuse the V2X principle of relying on upper layers to determine the applicable source and destination Layer-2 IDs for discovery related signaling. 

Proposal 4:	RAN2 shall wait for further SA2 progress related to security aspects for SL discovery procedure for relaying. 

Proposal 5:	At least the link quality can be used as a configurable criterion by the network to control SL discovery for relaying. At the same time, how to define link quality, the need for any other criteria and how to configure them can be further studied. 

Proposal 6:	RAN2 is proposed to focus on SL discovery design in the context of relaying operation, agnostic to whether it is ultimately intended for relaying for unicast or groupcast operation. 
1. [bookmark: _Toc465993148]Conclusion
This contribution discusses the SI objective of studying mechanism(s) to support sidelink discovery procedure for relaying and makes the following observations and proposals:
Observation 1:	Two distinct approaches (ProSe direct discovery using PSDCH vs implicit discovery without a dedicated discovery channel) have been utilized in the past work in 3GPP to enable sidelink discovery.
Observation 2:	Considering the potential solutions proposed for study in SA2 TR 23.713, they can be broadly categorized into two classes: 1) ProSe Direct Discovery signalling directly carried over the shared sidelink channel and 2) Implicit discovery based on Direct Communication Procedure (similar to NR V2X)
Proposal 1:	RAN2 is suggested to capture the following key assumptions related to sidelink discovery in the TR:
1. It is expected that regardless of whether a Layer-2 or Layer-3 based relay is used or whether it is a UE-to-NW or UE-to-UE relay, the relaying procedure is connection-oriented. In other words, a logical connection is first expected to be set up between the remote and relay UEs before any relaying is performed.
5) Both the remote and the relay UEs shall be authorized and provisioned by the core network for sidelink discovery for relaying. It is assumed that NAS/upper layers handle the authorization and provisioning for SL discovery with no interaction with the AS layer.
6) In case of UE-to-NW relaying, the remote UE can discover or be discovered regardless of whether or not the UE is in coverage. In case of UE-to-UE relaying, this applies to the relay UE as well.
7) The UE needs to be configured by the network to perform SL discovery both in coverage (RRC_CONNECTED, RRC_IDLE or RRC_INACTIVE) as well as out of coverage. This is applicable regardless of whether the UE intends to act as a relay or a remote UE.
8) There is no need to distinguish between open and restricted discovery at the access stratum.
9) Both model A and model B can be considered when studying mechanisms to enable sidelink discovery.
10) Based on the SI description, it is assumed that no new transport channel is defined for sidelink discovery.
Proposal 2:	RAN2 is suggested to discuss the following aspects with respect to potential RAN2 impacts to enable sidelink discovery for relaying in Rel-17:
· Support of ProSe Direct Discovery signaling given the absence of a dedicated physical channel
· Selection of valid Layer-2 source and destination identities for transmission and reception of discovery related messages
· Security, provision of integrity protection and ciphering (if applicable) for sidelink discovery related messages
· Network control of sidelink discovery operation for UE-to-NW or UE-to-UE relaying
· Sidelink discovery for relaying in unicast vs groupcast scenarios

Proposal 3:	It is proposed to reuse the V2X principle of relying on upper layers to determine the applicable source and destination Layer-2 IDs for discovery related signaling. 

Proposal 4:	RAN2 shall wait for further SA2 progress related to security aspects for SL discovery procedure for relaying.

Proposal 5:	At least the link quality can be used as a configurable criterion by the network to control SL discovery for relaying. At the same time, how to define link quality, the need for any other criteria and how to configure them can be further studied. 

Proposal 6:	RAN2 is proposed to focus on SL discovery design in the context of relaying operation, agnostic to whether it is ultimately intended for relaying for unicast or groupcast operation. 
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