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In the last RAN4 meeting a WF to specify necessary RRM requirements for the enhancements related to the UE based relay was approved [1]. Few open issues were also identified as discussed during the meeting [2].
In this contribution we further analyze the RRM requirements to support enhanced relay operation. 
Analysis of RRM core requirements
There are two main and new scenarios related to SL relay enhancement which impacts RAN4 RRM requirements
· Discovery and (re)selection in UE-to-UE relay
· Selection/reselection of SL relay UE in multipath 
Discovery and (re)selection in UE-to-UE relay
In the last RAN4 meeting the following options were agreed for further investigation [1]:
· Proposals
· Option 1 (MTK, LGE, Nokia): The legacy requirements for selection/reselection of relay UE in clause 12.10 of TS 38.133 can be reused. But, depending on RAN2 progress/decision, it can be further discussed 
· Option 2 (Ericsson):
· RAN4 to investigate whether the existing requirements in clause 12.10 (Selection / Reselection of relay UE) of TS 38.133 in Rel-17, can also apply to the selection/reselection of the relay UE in multi-path scenario i.e. when the remote/source UE has also direct path with gNB.
· For single hop UE-to-UE scenario,
· RAN4 to investigate measurement period within which the source UE should discover/identify the relay UE for establishing 1-hop UE-to-UE relay connection under certain side conditions.
· RAN4 to investigate measurement period within which the source UE should select/reselect the relay UE under certain side conditions.

This scenario is related to objective # 1 of the WID [3], according to which only single-hop Layer-2 and Layer-3 UE-to-UE relay is supported in Rel-18. More specifically the supported scenario comprises of a remote/source UE (UE1) establishing or re-establishing a connection with respect to a destination UE (UE3) via an intermediate UE (UE2), which is a relay UE. 

The intention is to specify requirements on the remote/source UE (UE1) to discover, select or reselect the relay UE (UE2). The objective is to develop new Layer-2 and Layer-3 procedures to support 1-hop UE-to-UE relay operation. Therefore, from layer-1 perspective the time to select/reselect a relay UE in UE-to-UE relay should be the same as defined for selection/reselection of a relay UE in UE-to network scenario in section 12.10, TS 38.133. Therefore, the selection/reselection delay of the relay UE defined in section 12.10 can be reused for the selection/reselection delay of the relay UE in 1-hop UE-to-UE relay scenario.
Selection/reselection of SL relay UE in multipath
The was no consensus whether the requirements for selection/reselection of SL relay UE in multipath is in the scope of the WI as captured in the WF [1]:

· No decision. RAN4 continue discuss whether selection and reselection requirements of relay UE for multi-path case are in the WI scope. 
According to the WID, the multipath scenario is described in objective # 3 as follows:
3. Study the benefit and potential solutions for multi-path support to enhance reliability and throughput (e.g., by switching among or utilizing the multiple paths simultaneously) in the following scenarios [RAN2, RAN3]:
A. A UE is connected to the same gNB using one direct path and one indirect path via 1) Layer-2 UE-to-Network relay, or 2) via another UE (where the UE-UE inter-connection is assumed to be ideal), where the solutions for 1) are to be reused for 2) without precluding the possibility of excluding a part of the solutions which is unnecessary for the operation for 2).

While it is true that objective # 3 on multipath scenario in the WID does not explicitly include RAN4, however, the broader RAN4 specific objective #5 means necessary core requirements should be defined without pointing to any specific objective: 
5. Specify RRM core requirements for relay discovery and (re)selection in UE-to-UE relay [RAN4]

The simultaneous multiple path scenario (objective # 5) is illustrated in figure 1: 
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Figure 1: Remote/source UE (UE1) having simultaneous multiple path operation with gNB comprising of a direct path with the gNB (Uu) and one indirect path with the gNB via UE2 (relay UE).
The remote UE (UE1) needs to select or reselect a relay UE (UE2) for establishing or re-establishing the indirect path (i.e. UE-to-network connection). The selection or reselection of a relay UE (UE2) for establishing or re-establishing the indirect path (U2N) with the gNB already exists in Rel-17. The difference here is that the UE will also have a direct path. However, the multipath operation does not require any new change to the physical layer. 
Therefore, even in multipath scenario, the remote UE (UE1) should meet the existing delay requirements in section 12.10, TS 38.133 for selection/reselection of the relay UE (UE2) for the indirect path. During the selection/reselection of the relay UE, the remote UE will cause interruption on the direct path (i.e. on Uu/WAN) e.g. due to RF retuning of the RX chain. 
The maximum allowed interruption requirements on the direct path (i.e. on the Uu link between the remote UE and gNB) need to be specified. The requirement should be specified in terms of the maximum length of each interruption. Considering both synchronous and asynchronous operation, the interruption length in Table 12.7.4-1 in TS 38.133 can be reused. The proposed maxmum interruption length of each interruption on the direct path caused by the remote UE during selection/reselection of the relay UE for the indirect path is shown in table 1.
Table 1: Interruption on direct path caused by Remote UE at selection/reselection of Relay UE for indirect path
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	NR Slot length (ms)
	Interruption length X (slots)

	
	
	Synchronous
	Asynchronous

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3



[bookmark: _Hlk131954817]The sidelink resource allocation mode 2 for the selection/reselection of the relay UE will be autonomously performed by the remote UE and is not under network control. Therefore, the remote UE should not cause any interruption on the direct path when using the sidelink resource allocation mode 2 for the selection/reselection of the relay UE for the indirect path during the following critical procedures like done in other/existing SL interruption scenarios in TS 38.133: 
-	While receiving paging,
-	While receiving system information,
-	T310 timer is running for RLF on PCell, 
-	performing candidate beam detection on PCell/serving cell as specfied in sections 8.5.5 and 8.5.6 of TS 38.133. 
Summary
The following are the observations and the proposals related to the RRM core requirements for sidelink relay enhancements:
Single hop UE-to-UE relay scenario:
· Observation #1: The UE-to-UE relay scenario comprises of source UE connected to the destination UE via relay UE forming 1-hop UE-to-UE relay.
· Observation #2: From layer-1 perspective the time to select/reselect a relay UE in UE-to-UE relay should be the same as defined for selection/reselection of a relay UE in UE-to network (U2N) relay scenario in section 12.10, TS 38.133.
· Proposal #1: The requirements for the selection/reselection of the relay UE defined in section 12.10 (including measurement period in Table 12.10.2-1), TS 38.133 are reused for the selection/reselection delay of the relay UE in 1-hop UE-to-UE relay scenario.
Multi-path relay scenario:
· Observation #3: According to the WID necessary RRM core requirements should be defined by RAN4 without pointing to any specific objective. Multi-path relay scenario comprises of the source/remote UE having one direct path (WAN/Uu) to gNB and one indirect path to the same gNB via UE-to-Network relay UE (UE2).
· Observation #4: In multi-path relay scenario, the source/remote UE (UE1) has two simultaneous paths with the same gNB: one direct path (WAN/Uu) to gNB and one indirect path to the same gNB via UE-to-Network (U2N) relay UE (UE2).
· Observation #5: From layer-1 perspective the time to select/reselect a relay UE for the indirect path (U2N) should be the same as defined for selection/reselection of a relay UE in U2N relay scenario in section 12.10, TS 38.133.
· Observation #6: During the selection/reselection of the relay UE (UE2) for the indirect path, the remote UE (UE1) will cause interruption on the direct path.
· Observation #7: The maximum length of each interruption on the direct path during the selection/reselection of the relay UE for the indirect path should be limited like in other interruption scenario. 
· Observation #8: The sidelink resource allocation mode 2 for the selection/reselection of the relay UE will be autonomously performed by the remote UE without any network control. 
· Observation #9: The interruption when using the sidelink resource allocation mode 2 during the critical procedures (e.g. while paging reception, SI reception, RLF timer is running, performing CBD detection etc) is not allowed in some of the existing SL procedures (e.g. section 12.7.4 in TS 38.133). 
· Proposal #2: The time to select/reselect a relay UE for the indirect path (U2N) is the same as defined for selection/reselection of a relay UE in U2N relay scenario in section 12.10, TS 38.133.
· Proposal #3: Define the maxmum interruption length of each interruption on the direct path caused by the remote UE during selection/reselection of the relay UE for the indirect path is according to table 1:
Table 1: Interruption on direct path caused by Remote UE at selection/reselection of Relay UE for indirect path
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· Proposal #4: The remote UE shall not cause any interruption on the direct path when using the sidelink resource allocation mode 2 for the selection/reselection of the relay UE for the indirect path during the following critical procedures:
-	While receiving paging,
-	While receiving system information,
-	T310 timer is running for RLF on PCell, 
-	performing candidate beam detection on PCell/serving cell as specfied in sections 8.5.5. and 8.5.6 of TS 38.133. 
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