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1.	Discussion
The paper proposes to resolve the following EN of Hop-Limit. 
Editor's note:	It is FFS if the value of the Hop-Limit is determined by 3GPP or left to operator to decide, e.g. configured based on the service type supported by the RSC.
[bookmark: _Hlk99100636]The proposal is to update sol#1 to include Hop-Limit per RSC. The Hop-Limit is provided to the 5G ProSe Remote UE and UE-to-Network Relays per RSC using the Policy/Parameter provisioning as described in clause 5.1.5 of TS 23.304 [4]. With this proposal, RSC in the discovery messages can be used to indicate the limit of number of hops. Thus, the explicit Hop-Limit IE can be removed from the discovery messages.

2.	Text proposal
It is proposed to agree the following changes to TR 23.700-03:
* * * Start of change * * * 
[bookmark: startOfAnnexes][bookmark: _Toc324232213][bookmark: _Toc326248709][bookmark: _Toc22286587][bookmark: _Toc23317648][bookmark: _Toc94300260][bookmark: _Toc160717633][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc151529983]6.1	Solution #1: Architecture enhancement to support 5G ProSe multi-hop UE-to-Network Relays
[bookmark: _Toc326248710][bookmark: _Toc22286588][bookmark: _Toc23317649][bookmark: _Toc94300261][bookmark: _Toc160717634]6.1.1	Description
[bookmark: _Toc509873782][bookmark: _Toc509905232][bookmark: _Toc22286589]The solution is illustrated with the architecture example as shown in Figure 6.1.1-1.


Figure 6.1.1-1: Example architecture of multi-hop UE-to-Network Relay
Following operation principles are applied to support the 5G ProSe multi-hop UE-to-Network Relay operations to provide services to a 5G ProSe Remote UE:
-	Only 5G ProSe UE-to-Network Relay needs to be in coverage of NG-RAN and be able to establishes a connection with the NG-RAN.
-	Other Intermediate UE-to-Network Relay(s) can be either in coverage or out of coverage. However, for a particular RSC, a relay UE can act as either a 5G ProSe UE-to-Network Relay or an Intermediate UE-to-Network Relay. To act as an Intermediate UE-to-Network Relay, e.g. forwarding the Model A discovery message or replying to the Model B Discovery Response message, the relay UE needs to have a valid connection towards the network via the 5G ProSe UE-to-Network Relay indicated by the Root Relay Info IE. If the Intermediate UE-to-Network Relay need to also operate as a Remote UE, e.g. it is also running some other applications, it should follow the behavior defined for Remote UE independent from the Intermediate UE-to-Network Relay logic.
-	Relay Service Code (RSC), as defined in TS 23.304, is used for the indication of services offered by the 5G ProSe multi-hop UE-to-Network Relays. No special RSC is introduced for multi-hop operation, i.e. the 5G ProSe UE-to-Network Relay and the Intermediate UE-to-Network Relay use the same RSC.
-	The 5G ProSe UE-to-Network Relay and the Intermediate UE-to-Network Relays can serve other Intermediate UE-to-Network Relays and 5G ProSe Remote UE at the same time.
-	A Hop-Count IE is introduced to reflect the nature of multi-hop operation, in both discovery and connection establishment, and is used to control the number of hops to be supported for multi-hop Relay operations. A separate Hop-Limit IE is used for controlling the maximum hops, and the value of the Hop-Limit is configured by the network. If the Hop-Limit is not included in the discovery messages, the Intermediate Relays will locally use a (pre-)configured value for the control. and is provided to the 5G ProSe Remote UE and UE-to-Network Relays per RSC using the Policy/Parameter provisioning as described in clause 5.1.5 of TS 23.304 [4]
Editor's note:	It is FFS if the value of the Hop-Limit is determined by 3GPP or left to operator to decide, e.g. configured based on the service type supported by the RSC.
Editor's note:	It is FFS if other metrics besides hop limit can be supported for the relay path selection, e.g. the accumulated delay over the hops.
NOTE:	When the number of hops increases, the performance over the multi-hop relay link would be affected, e.g. the overall delay, and the stability of the link, mobility caused signaling overhead, etc. Therefore, the setting of the hop limit value, which determines the max number of hops, need to be selected properly taking these into consideration.
-	Both Model A and Model B Discovery are supported for the 5G ProSe UE-to-Network Relay operation.
-	The 5G ProSe Remote UE only selects the Intermediate UE-to-Network Relay directly serving it, i.e. it does not need to be aware of the identities of the other Intermediate UE-to-Network Relays.
-	The 5G ProSe UE-to-Network Relay's identify is included in the UE-to-Network Relay Discovery message, to avoid message flooding and help 5G ProSe Remote UE's relay reselection.
[bookmark: _Toc23317650][bookmark: _Toc94300262][bookmark: _Toc160717635]6.1.2	Procedures
[bookmark: _Toc160717636][bookmark: _Toc326248711][bookmark: _Toc22286590]6.1.2.1	Relay Discovery
[bookmark: _Toc160717637]6.1.2.1.1	Support of Model A discovery
Figure 6.1.2.1.1-1 provides an example of how the Model A discovery is supported in the multi-hop relay environment.


Figure 6.1.2.1.1-1: Example Model A Discovery operation supporting multi-hop UE-to-Network Relay
For Model A discovery, the 5G ProSe UE-to-Network Relay reuses the 5G ProSe UE-to-Network Relay Discovery Announcement message as defined in clause 5.8.3 of TS 23.304 [4], with the following additional IE:
-	Hop-Count: This value should be set to 1. It serves as an indication that the 5G ProSe UE-to-Network Relay supports multi-hop operation. In order to be legacy compliant, i.e. serving prior release 5G ProSe Remote UEs, the encoding of this Hop-Count should allow the 5G ProSe Remote UE not support multi-hop operation to ignore it and follow the existing procedures defined in TS 23.304 [4].
-	(optional) Hop-Limit: This indicates how many hops this 5G ProSe UE-to-Network Relay supports. Any Intermediate UE-to-Network Relay does not further forward the announcement message if the Hop-Count is equal or larger than the Hop-Limit. The value of the Hop-Limit is configured by the network. If the Hop-Limit is not included in the discovery messages, the Intermediate Relays will use a pre-configured value for the control.
For Model A discovery, the Intermediate UE-to-Network Relay(s) forwards the Announcement message with the following modifications:
-	Source Layer-2 ID: this is set to the source Layer-2 ID of the Intermediate UE-to-Network Relay.
-	Destination Layer-2 ID: the Destination Layer-2 ID for 5G ProSe UE-to-Network Relay Discovery is selected based on the configuration. It should be the same Destination Layer-2 ID of the Announcement message received by the Intermediate UE-to-Network Relay.
-	Announcer Info: identify information (i.e. User Info ID) of the announcing Intermediate UE-to-Network Relay.
-	Relay Service Code: no modification to the RSC of the received Announcement message.
-	Hop-Count: The Intermediate UE-to-Network Relay increment the value of the received Announcement message by 1 before forwarding it. If this value is equal or bigger than the optional Hop-Limit value of the associated RSC in the message, the message is not forwarded. Additionally, if the Hop-Count value is equal or larger than a locally configured threshold on the Intermediate UE-to-Network Relay, it will not forward the Announcement message.
-	(optional) Hop-Limit: this should be kept unchanged from the value in the received message.
-	Root Relay Info: this is the User Info ID contained in the Announcer Info from the original 5G ProSe UE-to-Network Relay Discovery Announcement message. If included, it is not modified by the Intermediate UE-to-Network Relays.
The rest of the information contained in the Announcement messages is kept without modification when the message is forwarded by the Intermediate UE-to-Network Relays.
The Intermediate UE-to-Network Relay(s) keeps a record of the RSC, Root Relay Info, Announcer Info, and the associated Hop-Count value. Optionally, the Hop-Limit value can be also stored. If it receives an Announcement message with the same RSC and Root Relay Info but different Announcer Info, it will only forward the Announcement message when the Hop-Count value is smaller than the stored value. In that case, the Intermediate UE-to-Network Relay updates it stored value, i.e. the Announcer Info and the Hop-Count value. These stored values should be timed out by the Intermediate UE-to-Network Relay based on a locally configured timer.
The Relay Discovery Additional Information message (using Model A) message as defined in clause 5.8.3 of TS 23.304 [4] can be supported, similar to the additional handling for the Announcement message, i.e. by including the Hop-Count and (optional) Hop-Limit IE inside the message.
Editor's note:	It is FFS how Additional Information message for Model A discovery and related procedure are supported.
[bookmark: _Toc160717638] 6.1.2.1.2	Support of Model B discovery


Figure 6.1.2.1.2-1: Example Model B Discovery operation supporting multi-hop UE-to-Network Relay
For Model B discovery, the 5G ProSe Remote UE uses the 5G ProSe UE-to-Network Relay Discovery Solicitation message (Model B), with the following modified/additional IE:
-	Discoverer Info: User Info ID of the 5G ProSe Remote UE.
-	(optional) Target Info: User Info ID of a particular 5G ProSe UE-to-Network Relay. This may be used by a Remote UE to find a new/alternative path towards the UE-to-Network Relay that provides/provided service to it.
-	Relay Service Code: the Relay Service Codes configured in the 5G ProSe Remote UEs for the service it interested in.
-	Hop-Limit: This indicates the max hop count of the 5G ProSe Remote UEs accepts on the path. Therefore, if an Intermediate UE-to-Network Relay's stored information as described in clause 6.1.2.1.1 has a hop-count larger than the Hop-Limit, it does not respond to the Solicitation message. The 5G ProSe Remote UE can determine the value of the Hop-Limit based on the (pre-)configuration and ProSe Application requirements.
Additional information elements defined in clause 5.8.3 of TS 23.304 [4] are reused.
The Intermediate UE-to-Network Relay checks its valid (unexpired) stored information entries (as described in clause 6.1.2.1.1) against the received Solicitation message for the following criteria:
-	RSC of the received Solicitation message matches the stored value;
-	the optional Target Info match with the stored Root Relay Info; and
-	the Hop-Limit of the of the associated RSC received message is larger than the stored Hop-Count.
If all the criteria are met, the Intermediate UE-to-Network Relay may respond with a 5G ProSe UE-to-Network Relay Discovery Response message (Model B) as defined in clause 5.8.3 of TS 23.304 [4] with the following modified/additional information:
-	Source Layer-2 ID: the Source Layer-2 ID of the Intermediate UE-to-Network Relay.
-	Destination Layer-2 ID: set to the Source Layer-2 ID of the received 5G ProSe UE-to-Network Relay Discovery Solicitation message.
-	Relay Service Code: the RSC from the corresponding Discovery Solicitation message.
-	Discoveree Info: User Info ID of the Intermediate UE-to-Network Relay.
-	Hop-Count: this is the Hop-Count value of the stored entry incremented by 1. If the Hop-Count is bigger than the Hop-Limit, the message is dropped.
-	(optional) Hop-Limit: this is from the matched stored entry if available.
-	Root Relay Info: this is from the stored entry.
For any Intermediate UE-to-Network Relay received the 5G ProSe UE-to-Network Relay Discovery Response message (Model B), it updates/creates a new information entry as described in clause 6.1.2.1.1.
The Intermediate UE-to-Network Relay does not have a stored entry matching all the criteria, it may forward the 5G ProSe UE-to-Network Relay Discovery Solicitation message. When forwarding the message, the Intermediate UE-to-Network Relay modifies the following IEs in the message:
-	Source Layer-2 ID: the Intermediate UE-to-Network Relay uses its own Source Layer-2 ID when forwarding the message.
-	Discoverer Info: User Info ID of the Intermediate UE-to-Network Relay.
-	(optional) Target Info: User Info ID of a particular 5G ProSe UE-to-Network Relay. This will be kept if it is present in the received message.
-	Relay Service Code: the RSC of the received message is kept unchanged.
-	Hop-Count: this is the Hop-Count value of the stored entry incremented by 1. If the Hop-Count is bigger than the Hop-Limit of the associated RSC, the message is dropped.
-	Hop-Limit: the value in the received Solicitation message is decremented by 1 before it is forwarded . If the value reaches 1, the Intermediate UE-to-Network Relay does not forward the Solicitation message.
If a 5G ProSe UE-to-Network Relay received a Solicitation message, it checks the message against the following criteria:
-	RSC of the received Solicitation message matches the stored value.
-	The optional Target Info match its own User Info ID.
If all the criteria are met, the 5G ProSe UE-to-Network Relay may respond with a 5G ProSe UE-to-Network Relay Discovery Response message (Model B) as defined in clause 5.8.3 of TS 23.304 [4] with the following modified/additional information:
-	Hop-Count: this is set to 1.
-	(optional) Hop-Limit: if there is a hop limit configured on the 5G ProSe UE-to-Network Relay.
For any Intermediate UE-to-Network Relay received the 5G ProSe UE-to-Network Relay Discovery Response message, it updates/creates a new information entry as described in clause 6.1.2.1.1, with the Discoveree Info stored as the Root Relay Info.
[bookmark: _Toc160717639]6.1.2.2	Authentication and authorization for multi-hop relay operation
Existing service authorization configuration defined in clause 5.1.4 of TS 23.304 [4] for 5G ProSe UE-to-Network Relay can be reused for the support of multi-hop relay operation, with the following enhancements:
-	within the Authorization policy, for each PLMN, an indication of whether multi-hop relay operation is authorized and the related hop limit per RSC.
The Intermediate UE-to-Network Relay should be configured with the Policies for the 5G ProSe Remote UE, with the following enhancements:
-	within the Authorization policy, for each PLMN, an indication of whether it can serve as an intermediate relay, and optionally a hop limit per RSC.
For the 5G ProSe Remote UE, the policies are enhanced as follows:
-	within the 5G ProSe UE-to-Network Relay Discovery parameters, optionally a hop limit per RSC.
[bookmark: _Toc160717640]6.1.2.3	Relay Selection/re-selection
For initial Relay selection, the 5G ProSe Remote UE select a Relay announcing the least Hop-Count value, either a 5G ProSe UE-to-Network Relay or an Intermediate UE-to-Network Relay, assuming that each of the hop will meet the AS layer quality criteria.
When a 5G ProSe Remote UE discovers another Intermediate UE-to-Network Relay or 5G ProSe UE-to-Network Relay with the same RSC, but smaller Hop-Count, it may re-select the new Relay. It may trigger the mobility procedure as defined in clause 6.1.2.5.
For the Intermediate UE-to-Network Relay, if it sees another Intermediate UE-to-Network Relay or 5G ProSe UE-to-Network Relay with the same RSC, but smaller Hop-Count, it may re-select the new Relay. It may trigger the mobility procedure as defined in clause 6.1.2.5. This mobility may result in the move of all the Remote UEs connected via this Intermediate UE-to-Network Relay.
[bookmark: _Toc160717641]6.1.2.4	PC5 Link establishment and management
[bookmark: _Toc160717642]6.1.2.4.1	Layer-2 Link establishment and management
Each of the Intermediate UE-to-Network Relay needs to establish a Layer-2 Link with its parent Intermediate UE-to-Network Relay or the 5G ProSe UE-to-Network Relay, before it can serve the 5G ProSe Remote UE.
Existing Layer-2 link management procedure as defined in TS 23.304 [4] for UE-to-Network Relay operation can be re-used for that purpose. There can be RSC based configuration for the Intermediate UE-to-Network Relay on whether it should establish the Layer-2 Link with a parent Relay before it can participate in the discover operation.
When establishing the Layer-2 link with its parent Intermediate UE-to-Network Relay, the Intermediate UE-to-Network Relay takes the role of the 5G ProSe Remote UE, and its parent Intermediate UE-to-Network Relay takes the role of 5G ProSe UE-to-Network Relay as defined in TS 23.304 [4].
NOTE:	In the case of Layer-3 UE-to-Network Relay operation, only the root UE-to-Network Relay needs to establish the PDU session with the network.
Similarly, a 5G ProSe Remote UE can use the procedure defined in TS 23.304 [4] to establish a Layer-2 Link with the selected Intermediate UE-to-Network Relay. In this case, the Intermediate UE-to-Network Relay takes the role of of 5G ProSe UE-to-Network Relay as defined in TS 23.304 [4].
When an Intermediate UE-to-Network Relay has a child Intermediate UE-to-Network Relay or a 5G ProSe Remote UE connected, it needs to update the Layer-2 link with its parent relay, using the procedure defined in clause 6.4.3.4 of TS 23.304 [4], with the following enhancements:
-	The link modification procedure may be enhanced to inform the parent relay, e.g. another Intermediate UE-to-Network Relay or the 5G ProSe UE-to-Network Relay, regarding the User Info of the child relay or the Remote UE. Therefore, the message is enhanced to provide a list of Remote UE (Remote User ID, Remote UE info), and the corresponding PC5 QoS Flow associated with each Remote UE.
-	The Remote UE (Remote User ID, Remote UE Info) contains the information about the child Intermediate UE-to-Network Relay or the 5G ProSe Remote UE(s).
This Layer-2 Link modification procedure will propagate back towards the 5G system, until it reaches a 5G ProSe UE-to-Network Relay or Intermediate UE-to-Network Relay that also has the context of these new list of Remote UEs.
The 5G ProSe UE-to-Network Relay's Remote UE reporting procedure will report all the Remote UE information.
[bookmark: _Toc160717643]6.1.2.4.2	IP address/prefix management for Layer-3 UE-to-Network Relay
When IP based PDU session types are used by the 5G ProSe UE-to-Network Relay, the Intermediate UE-to-Network Relay needs to act as an IP Router.
The actual IP address allocation is performed by the 5G ProSe UE-to-Network Relay, in the same way as that defined in TS 23.304 [4].
To support DHCP based IP address configuration, the Intermediate UE-to-Network Relay act as DHCPv4 o DHCPv6 proxy. To support IPv6 SLAAC, the Intermediate UE-to-Network Relay relays also the Router Solicitation and Router Announcement messages between the Remote UE and the 5G ProSe UE-to-Network Relay.
The Intermediate UE-to-Network Relay builds its local IP routing table based on the Remote UE info from the link modification procedures.
[bookmark: _Toc160717644]6.1.2.5	Relay reselection and mobility support
There are two types of mobility scenarios, i.e. the mobility of a single 5G ProSe Remote UE, and the mobility of an Intermediate UE-to-Network Relay with multiple child relays and remote UEs.
For a single 5G ProSe Remote UE, when it lost the connection with its old relay (either an Intermediate UE-to-Network Relay or a 5G ProSe UE-to-Network Relay), it may select another relay offers the same service, identified by the same RSC.


Figure 6.1.2.5-1: Mobility of the 5G ProSe Remote UE with multi-hop UE-to-Network Relays
Figure 6.1.2.5-1 illustrates an example of such scenario. The 5G ProSe Remote UE has lost the connection or has an imminent connection loss/deteriorated connection with the Intermediate UE-to-Network Relay-1, and the Remote UE discovered an Intermediate UE-to-Network Relay -2 that offers the same RSC, and in this case even the connection to the same Root Relay, i.e. 5G ProSe UE-to-Network Relay.
5G ProSe Remote UE establishes the Layer-2 link with the Intermediate UE-to-Network Relay-2 as described in clause 6.1.2.4.1. After the connection establishment, the Intermediate UE-to-Network Relay-2 uses the Layer-2 Link Modification procedure to update the 5G ProSe UE-to-Network Relay regarding the new Remote UE joined the link. Since the 5G ProSe UE-to-Network Relay is aware of the 5G ProSe Remote UE, it can switch the connection/routing context from the Intermediate UE-to-Network Relay-1 link to that of the Intermediate UE-to-Network Relay-2.
At the same time, the 5G ProSe Remote UE may tear down the link with the Intermediate UE-to-Network Relay-1 (or the link failure is detected), which will trigger the Intermediate UE-to-Network Relay-1 to update the 5G ProSe UE-to-Network Relay to remove its association with 5G ProSe Remote UE.
In case the same 5G ProSe UE-to-Network Relay is used, the 5G ProSe Remote UE does not have to change its IP address/prefix (in case of Layer-3) or its RAN anchor point (in case of Layer-2).
If the Root Relay Info offered by the new Intermediate UE-to-Network Relay-2 is different than the original 5G ProSe UE-to-Network Relay, the same procedure as that described in clause 6.1.2.4 will be executed again. In this case, there may be IP address/prefix changes after the mobility.
If the mobility is caused by the link change of an Intermediate UE-to-Network Relay (which is serving remote UEs), the similar consideration applies, i.e. it is preferrable to connect to a new relay that shares the same Root Relay. In that case, the Intermediate Relay needs to run the Layer-2 link modification procedure after the connection establishment to update the 5G ProSe UE-to-Network Relay of all the Remote UEs its serving.
[bookmark: _Toc160717645]6.1.2.6	Support of End-to-end QoS management
For Layer-3 Relay operation, similar End-to-end QoS management as defined in TS 23.304 [4] can be reused, with the following enhancements:
-	the end-to-end QoS flow is to be identified by both the Remote UE ID and the PC5 QoS flow IDs.
For Layer-2 Relay operation, the handling of End-to-end QoS management will be defined by RAN WGs.
Editor's note:	Support of the end-to-end QoS management, e.g. QoS split among the multi-hops, is FFS.
[bookmark: _Toc160717646]6.1.2.7	Support of Layer-2 multi-hop UE-to-Network Relay operation
Additional considerations for the support of Layer-2 multi-hop UE-to-Network Relay operation depends on RAN WG progress.
[bookmark: _Toc23317651][bookmark: _Toc94300263][bookmark: _Toc160717647]6.1.3	Impacts on services, entities and interfaces
AMF:
-	No impact.
PCF:
-	Potential enhancement to provide multi-hop related policies.
5G ProSe UE-to-Network Relay:
-	Additional discovery message handling, new link management procedures.
5G Intermediate UE-to-Network Relay:
-	Handling new discovery messages, including managing new information entries.
-	DHCPv4/v6 Proxy, IP Router.
-	Support new link management procedures support.
5G ProSe Remote UE:
-	Handling new discovery messages.
NOTE:	Security aspects will be addressed by SA WG3.
Editor's note:	The maximum number of hops supported may be affected by the frequency of the relay discovery operations, as it has impacts on the delay in the link establishment and path switching. It is FFS any standards related work is needed.

* * * End of change * * * 
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