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Abstract of the contribution: This contribution tries to make evaluation and conclusion on the UE-to-UE relay for the existing solutions.
Discussion
This paper tries to have the evaluation and conclusion for UE-to-UE relay according to the existing solutions.

The following table is a summary for each solution which is applied to KI#4 UE-to-UE relay.

	Solutions
	Summary

	Only applied to L2 based UE-to-UE relay

	Solotion#9
	This solution mainly focuses on how to realize the L2 UE-to-UE link establishment and management, then provides a secured "extended" L2 UE-to-UE link establishment procedure, a L2 UE-to-UE link identifier update procedure as well as the Control and User Plane Protocol Stacks.

	Only applied to L3 based UE-to-UE relay

	Solution#10
	In this solution, the UE-to-UE Relay acts as an IP router, each of the unicast L2 link is treated as an IP interface. Source UE obtains the target UE’s IP address/prefix by using the DNS query. In addition, it also specifies the QoS handling (reuse rel-16 V2X mechanism), security handling (IPSec can be used) and charging handling aspects. By this solution, it needs the UE-to-UE Relay may have to establish L2 links with all the potential target UEs in advance. the relay UE has to keep a latest UE list that connects with the relay UE.

	Solution#32
	This solution in fact has same idea with solution#10, difference is that the IP address is provided by source or target UE instead of being allocated by relay. Source UE base on the target UE’s IP address to find the target UE. If source UE doesn’t have the target UE’s IP address, it can request relay to provide based the stored mapping of target UE’s info to the target UE’s IP address. Same drawback with solution#10, UE-to-UE Relay may have to establish L2 links with all the potential target UEs in advance

	Solution#49
	This solution supports Layer-3 UE-to-UE Relay on the aspect of Non-IP Traffic handling. UE-to-UE relay uses the Layer-2 IDs in the incoming Layer-2 frames to find the correct outgoing PC5 links as there is no IP headers in the Non-IP packets. For each pair of source and target UEs, the UE-to-UE relay assigns itself a Layer-2 ID, denoted as L2-ID_R, which is used in the Non-IP PC5 link to the source UE and the Non-IP PC5 link to the target UE. The UE-to-UE relay maintains a mapping between L2-ID_R and a pair of source and target UEs. Based on this mapping relay forwards the packet to the corresponding PC5 link

	Both L2 and L3 UE-to-UE relay applied

	Solution#8
	This solution supposes UE-to-UE Relay Selection without Relay Discovery, it relies on the concept that the UE-to-UE discovery and selection can be integrated into the unicast link establishment procedure as described in clause 6.3.3 of TS 23.287. A new field called relay_indication is proposed to be added in the direct communication request to indicate whether relays can be used in the communication, and the value of relay_indication can reflect the current hop. No more information is reflected in this solution for relay selection.

	Solution#11
	In this solution, the UE-to-UE relay’s functionality is specified. Mode A and Mode B UE-to-UE Relay discovery procedures as well as some contents in the discovery message are also reflected in this solution. For the Layer-2 frame format via Layer-3 UE-to-UE Relay, the Relay acts as an IP router, the target UE is identified via the Destination IP address in the IP packet header. For the Layer-2 frame format via Layer-2 UE-to-UE Relay, it proposes to add a "Relay Layer-2 ID" field and a "Direction" field. Since the the exact Layer-2 frame format is in the scope of RAN WGs, SA2 in this stage cannot take this one as a way forward.

	Solution#31
	This solution is for QoS handling of Layer 2 UE-to-UE Relay and Layer 3 UE-to-UE Relay. Basic idea is that the UE-to-UE relay splits E2E QoS split into two parts based on E2E QoS requirement provided by source UE.

	Solution#33
	This solution proposes that the network can be involved to assist UE in performing the relay selection. Network bases on the location of source UE, target UE and relays to determine the suitable relay and then provide this suitable relay info to source UE and target UE. In this solution, it may request the source UE, target UE and relays shall belong to same MNO, source UE, target UE and relays shall be in coverage. Network has less information on the real environment and accuracy of positioning, not sure the provided is the suitable one.

	Solution#36
	This solution the focus on PCF based UE-to-UE Relay service authorization and policy/parameter provisioning to Remote UE and Relay UE.

	Solution#50
	This solution provides a UE-to-UE relay reselection mechanism. When the UEs detect current UE-to-UE link is not good enough, the source UE identifies the candidate UE-to-UE Relays and provides the candidate UE-to-UE Relays to target UE for relay reselection. Target UE responds to source UE with the determined relay


So far there is some agreements about UE-to-UE relay from RAN2#112E meeting as follows:

Agreements:

Proposal-15: [Easy] agree the following description for L2 UE-to-UE relay

For L2 UE-to-UE relay, the second hop PC5 adaptation layer can be used to support bearer mapping between the ingress RLC channels over first PC5 hop and egress RLC channels over second PC5 hop at Relay UE.

Proposal-26 [Easy]: agree the following description for L2 UE-to-UE relay

QoS handling for L2 UE-to-UE Relay is subject to upper layer, e.g. solution 31 within TR23.752 studied by SA2.
Proposal-21: agree the following description for L2 UE-to-UE relay

Support the N:1 mapping by first hop PC5 adaptation layer between Remote UE SL Radio Bearers and first hop PC5 RLC channels for relaying.

Proposal-22: agree the following description for L2 UE-to-UE relay

Support the adaptation layer over first hop PC5 between Source Remote UE and Relay UE in order to identify traffic destined to different Destination Remote UEs

These solutions will be evaluated and analyzed from the following aspects:
UE-to-UE relay discovery:
For the UE-to-UE relay discovery, it can be realized by standalone discovery procedure (Mode A and Mode B as specified in sol#10 and #11) and implicit discovery (V2X-based unicast link setup procedure as sol#8 and #9). Compared with the 2 mechanisms, implicit discovery seems have more advantages which can be analyzed from the following aspects:
· Implicit discovery (V2X-based unicast link setup procedure) is the existing scheme which works well for V2X communication. UE-to-UE relay communication can be considered as the V2X-based communication’s extension, so same principle is also suitable.
· After the standalone discovery, the relay connection setup by using the V2X-based unicast link setup procedure is still needed, which seems duplicated work is performed.

UE-to-UE relay connection setup:

Whatever the L3 relay or L2 relay, hop by hop L2 link setup procedure to realize the UE-to-UE relay connection is proposed in related solutions, such as sol#8, #9, #10, etc. 
But for L3 UE-to-UE relay, corresponding solutions as sol#10 and sol#32 that the link connections are setup in advance, Relay UE needs to setup the L2 link with all the potential target UEs and has to keep a latest UE list that is connecting with the relay UE. By this way it may needs a lot of resources.
As for the L2 relay, whether there still needs to setup the E2E relay connection between source UE and target UE after finishing the hop by hop link establishment may need more discussion, which also needs the coordination with RAN WGs.
UE-to-UE relay selection:

It seems sol#8 and sol#33 that the UE-to-UE relay selection is mentioned, solution#8 proposes the target UE performs the relay selection according to the policies, signal strength, etc. not sure whether the target UE can accept multiple relay’s direct communication request and then leave the relay selection to source UE. Sol#33 performs the relay selection which is relied on network assistant. Therefore this solution force the UEs needs under the network control (in coverage) and seems the UEs should belong to same MNO.
UE-to-UE relay reselection:

The principle for UE-to-UE relay reselection mentioned in sol#50 and #32 is that the UE detects the link quality is not good enough, solution#50 proposes the source UE provides the candidate relay UEs info to target UE for assisting the target UE perform the relay reselection, which decrease the blindness of relay reelection. No details are mentioned in sol#32 about how to reselect relay.

Authorization and provisioning:
PCF based service authorization and provisioning as specified in slo#36 can resolve the problem of how to authorize the UE-to-UE Relay and remote UE issued in KI#4.
QoS handling:
Sol#31 proposes E2E QoS requirement is split into 2 parts. For L2 UE-to-UE relay, the E2E QoS flows are setup between source UE and target UE. For L3 relay, separate PC5 QoS flows are setup based on the split QoS parameters. Relay UE base on the provisioning parameters to perform the E2E QoS split. According to RAN2 agreements, QoS handling for L2 UE-to-UE Relay is subject to upper layer, e.g. solution 31. So it is recommended to take sol#31 as baseline on the QoS handling for the normative work.
Security:
Whatever the L3 relay or L2 relay, the security aspect needs the coordination with SA3.
Proposal

It is proposed to include the following evaluation and conclusion for KI#4 in TR 23.752.
* * * * Start of Change * * * * 

7.4
Key Issue #4: Support of UE-to-UE Relay
These solutions will be evaluated and analyzed from the following aspects:

	Solutions
	Summary

	Only applied to L2 based UE-to-UE relay

	Solotion#9
	This solution mainly focuses on how to realize the L2 UE-to-UE link establishment and management, then provides a secured "extended" L2 UE-to-UE link establishment procedure, a L2 UE-to-UE link identifier update procedure as well as the Control and User Plane Protocol Stacks.

	Only applied to L3 based UE-to-UE relay

	Solution#10
	In this solution, the UE-to-UE Relay acts as an IP router, each of the unicast L2 link is treated as an IP interface. Source UE obtains the target UE’s IP address/prefix by using the DNS query. In addition, it also specifies the QoS handling (reuse rel-16 V2X mechanism), security handling (IPSec can be used) and charging handling aspects. By this solution, it needs the UE-to-UE Relay may have to establish L2 links with all the potential target UEs in advance. the relay UE has to keep a latest UE list that connects with the relay UE.

	Solution#32
	This solution in fact has same idea with solution#10, difference is that the IP address is provided by source or target UE instead of being allocated by relay. Source UE base on the target UE’s IP address to find the target UE. If source UE doesn’t have the target UE’s IP address, it can request relay to provide based the stored mapping of target UE’s info to the target UE’s IP address. Same drawback with solution#10, UE-to-UE Relay may have to establish L2 links with all the potential target UEs in advance

	Solution#49
	This solution supports Layer-3 UE-to-UE Relay on the aspect of Non-IP Traffic handling. UE-to-UE relay uses the Layer-2 IDs in the incoming Layer-2 frames to find the correct outgoing PC5 links as there is no IP headers in the Non-IP packets. For each pair of source and target UEs, the UE-to-UE relay assigns itself a Layer-2 ID, denoted as L2-ID_R, which is used in the Non-IP PC5 link to the source UE and the Non-IP PC5 link to the target UE. The UE-to-UE relay maintains a mapping between L2-ID_R and a pair of source and target UEs. Based on this mapping relay forwards the packet to the corresponding PC5 link

	Both L2 and L3 UE-to-UE relay applied

	Solution#8
	This solution supposes UE-to-UE Relay Selection without Relay Discovery, it relies on the concept that the UE-to-UE discovery and selection can be integrated into the unicast link establishment procedure as described in clause 6.3.3 of TS 23.287. A new field called relay_indication is proposed to be added in the direct communication request to indicate whether relays can be used in the communication, and the value of relay_indication can reflect the current hop. No more information is reflected in this solution for relay selection.

	Solution#11
	In this solution, the UE-to-UE relay’s functionality is specified. Mode A and Mode B UE-to-UE Relay discovery procedures as well as some contents in the discovery message are also reflected in this solution. For the Layer-2 frame format via Layer-3 UE-to-UE Relay, the Relay acts as an IP router, the target UE is identified via the Destination IP address in the IP packet header. For the Layer-2 frame format via Layer-2 UE-to-UE Relay, it proposes to add a "Relay Layer-2 ID" field and a "Direction" field. Since the the exact Layer-2 frame format is in the scope of RAN WGs, SA2 in this stage cannot take this one as a way forward.

	Solution#31
	This solution is for QoS handling of Layer 2 UE-to-UE Relay and Layer 3 UE-to-UE Relay. Basic idea is that the UE-to-UE relay splits E2E QoS split into two parts based on E2E QoS requirement provided by source UE.

	Solution#33
	This solution proposes that the network can be involved to assist UE in performing the relay selection. Network bases on the location of source UE, target UE and relays to determine the suitable relay and then provide this suitable relay info to source UE and target UE. In this solution, it may request the source UE, target UE and relays shall belong to same MNO, source UE, target UE and relays shall be in coverage. Network has less information on the real environment and accuracy of positioning, not sure the provided is the suitable one.

	Solution#36
	This solution the focus on PCF based UE-to-UE Relay service authorization and policy/parameter provisioning to Remote UE and Relay UE.

	Solution#50
	This solution provides a UE-to-UE relay reselection mechanism. When the UEs detect current UE-to-UE link is not good enough, the source UE identifies the candidate UE-to-UE Relays and provides the candidate UE-to-UE Relays to target UE for relay reselection. Target UE responds to source UE with the determined relay


These solutions will be evaluated and analyzed from the following aspects:

UE-to-UE relay discovery:
For the UE-to-UE relay discovery, it can be realized by standalone discovery procedure (Mode A and Mode B as specified in sol#10 and #11) and implicit discovery (V2X-based unicast link setup procedure as sol#8 and #9). Compared with the 2 mechanisms, implicit discovery seems have more advantages which can be analyzed from the following aspects:

· Implicit discovery (V2X-based unicast link setup procedure) is the existing scheme which works well for V2X communication. UE-to-UE relay communication can be considered as the V2X-based communication’s extension, so same principle is also suitable.

· After the standalone discovery, the relay connection setup by using the V2X-based unicast link setup procedure is still needed, which seems duplicated work is performed.

UE-to-UE relay connection setup:

Whatever the L3 relay or L2 relay, hop by hop L2 link setup procedure to realize the UE-to-UE relay connection is proposed in related solutions, such as sol#8, #9, #10, etc. 

But for L3 UE-to-UE relay, corresponding solutions as sol#10 and sol#32 that the link connections are setup in advance, Relay UE needs to setup the L2 link with all the potential target UEs and has to keep a latest UE list that is connecting with the relay UE. By this way it may needs a lot of resources.
As for the L2 relay, whether there still needs to setup the E2E relay connection between source UE and target UE after finishing the hop by hop link establishment may need more discussion, which also needs the coordination with RAN WGs.
UE-to-UE relay selection:

It seems sol#8 and sol#33 that the UE-to-UE relay selection is mentioned, solution#8 proposes the target UE performs the relay selection according to the policies, signal strength, etc. not sure whether the target UE can accept multiple relay’s direct communication request and then leave the relay selection to source UE. Sol#33 performs the relay selection which is relied on network assistant. Therefore this solution force the UEs needs under the network control (in coverage) and seems the UEs should belong to same MNO.

UE-to-UE relay reselection:

The principle for UE-to-UE relay reselection mentioned in sol#50 and #32 is that the UE detects the link quality is not good enough, solution#50 proposes the source UE provides the candidate relay UEs info to target UE for assisting the target UE perform the relay reselection, which decrease the blindness of relay reelection. No details are mentioned in sol#32 about how to reselect relay.

Authorization and provisioning:

PCF based service authorization and provisioning as specified in slo#36 can resolve the problem of how to authorize the UE-to-UE Relay and remote UE issued in KI#4.
QoS handling:

Sol#31 proposes E2E QoS requirement is split into 2 parts. For L2 UE-to-UE relay, the E2E QoS flows are setup between source UE and target UE. For L3 relay, separate PC5 QoS flows are setup based on the split QoS parameters. Relay UE base on the provisioning parameters to perform the E2E QoS split. According to RAN2 agreements, QoS handling for L2 UE-to-UE Relay is subject to upper layer, e.g. solution 31. So it is recommended to take sol#31 as baseline on the QoS handling for the normative work.

Security:
Whatever the L3 relay or L2 relay, the security aspect needs the coordination with SA3.
· * * * * Second Changes * * * * 
8.4
Key Issue #4: Support of UE-to-UE Relay
For Key Issue #4 (Support of UE-to-UE Relay), the followings are taken as interim conclusions:

· UE-to-UE Relay conclusions are subject to confirmation from RAN2 and SA3 for normative work.
· The final decision on whether or not to proceed with Layer-2 and/or Layer-3 into normative work will be made in cooperation with other WGs.
The following is taken as the common conclusions for the L3 and L2 based UE-to-UE Relay solutions:

-
For UE-to-UE relay discovery:

-
to adopt non-standalone discovery (sol#8) as baseline;

-
Mode A and Mode B discovery can be used if needed.

-
For authorization and parameters provisioning, to take PCF based UE-to-UE Relay service authorization and policy/parameter provisioning as baseline (sol#36) for the normative work.

-
For connection setup, it is recommended to adopt hop by hop link establishment procedure as baseline (sol#8, #9 and 10) for normative work.
-
For QoS handling, to take Sol#31 (clause 6.31.2 for L3 relay, clause 6.31.3 for L2 relay) as baseline for normative work.

-
For relay reselection, to take sol#50 as baseline for normative work.

-
For security, it needs the coordination with SA3.
* * * * End of Changes * * * * 
3GPP

SA WG2 TD


