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1 Introduction
During the RAN2#123 [1] meeting, the following working assumption for multi-path relay has been reached:
	Working assumption:

· Support case G for scenario 2 for RRC_CONNECTED target relay UE.


In this paper, we further discuss the Case G support in Scenario 2. 
2 Discussion  
2.1
Remote UE – Relay UE relationship 
The design in MP Scenario 2 is different from the MP Scenario 1 mainly due to the fact that the relay UE – remote UE relationship in Scenario 2 is much more stable, i.e., the two UEs are ideally tethered/paired. In addition, UE aggregation, which motivates scenario 2, is originally aims at resolving uplink coverage issue due to limited uplink power by using near-by relay UEs, e.g., virtual UEs or UEs in the same vehicles. Therefore, typical topology in scenario 2 would be that remote and relay UE are quite co-located, where it is less likely that indirect path change is required while maintaining the direct path. This is the reason why RAN2 first assumed that switching of the relay UE in scenario 2 is not supported.
Observation 1
In scenario 2, it is expected that the situation requiring an indirect path change while maintaining the direct path change does not frequently occur.
Also, some companies claim that there is no specification impact to support reporting multiple candidate relay UEs in Case G. Nonetheless, according to the running RRC CR for multi-path in [2], a new IE “N3C-IndirectPathConfigRemote” is specifically introduced for this reason to indicate the NW’s indirect path configuration in Scenario 2, as shown in Figure 1 below. As multiple candidate relays under different cells were reported, NW need more signalling to indicate which relay UE is configured in indirect path in Scenario 2. 
	N3C-IndirectPathConfigRemote information element

-- ASN1START

-- TAG-N3C-INDIRECTPATHCONFIGREMOTE-START

N3C-IndirectPathConfigRemote-r18 ::=  SEQUENCE {

    n3c-RelayIdentification-r18          SEQUENCE {

        n3c-CellGlobalId-r18                 SEQUENCE {

           n3c-PLMN-Id-18                        PLMN-Identity,

           n3c-CellIdentity-r18                  CellIdentity

        },

    n3c-C-RNTI-r18                       RNTI-Value

Editor’s Note: FFS whether/how IDLE/INACTIVE relay case

    }                                                OPTIONAL, -- Cond N3CIndirectPathAddition
    ...
}

-- TAG-N3C-INDIRECTPATHCONFIGREMOTE-STOP

-- ASN1STOP



Figure 1. New IE introduced for Scenario 2 due to support of multiple candidate relays
It is evident that this new IE “N3C-IndirectPathConfigRemote-r18” can be largely spared if there is no multiple candidate relay UEs to be considered at all. If there is only one relay UE to be reported for NW consideration, the NW can simply just use the presence of one Boolean “multi-path-change” indication under “RRCReconfiguration-v18xx-IEs” to indicate the NW’s change of the indirect path for a MP remote UE in Scenario 2, as there is only one legitimate multi-path configuration for Scenario 2 to be changed into. 
Observation 2
If case G is allowed with multiple candidate relay UEs, unnecessary signalling impact will be introduced in RRC spec.  

In addition, it is still not clear how the gNB selects the proper target relay UE given that the link quality of remote-relay UE is not known/interpretable by the gNB. The gNB may select the target relay UE randomly, in which case a reasonable doubt arises whether it would be better for the remote UE to select its best relay UE instead. Alternatively, the gNB may select the target relay UE based on Uu link quality of the candidate relay UEs, which may be based on outdated measurements of the relay UEs and can only be possible if the candidate relay UEs are in RRC_CONENCTED. However, as those relay candidates are all very proximal to the remote UE in the target use case scenarios, the Uu link quality variation of potential relays does not provide much differentiation. Also, as those relay UEs are connected to remote UE, it is also plausible that the Uu link quality, if matters, could be shared with the remote UE via non-3GPP link and let remote UE to make the best decision which relay to be used, based on its knowledge on both non-3GPP link and Uu link. 
Given the above considerations, we think a reasonable compromise to support Case G is to limit this to single relay UE reporting. After the relay UE is reported, it is up to NW to decide whether the indirect path shall be changed (i.e., via the latest-reported relay UE) or not.  
Proposal 1
For Case G indirect path switch, Remote UE reports only a single relay UE for NW to consider. 

2.2
IDLE/INACTIVE Relay  
Another controversial issue is whether the relay UE can be IDLE/INACTIVE in Case G. In our view, the support of IDLE or INACTIVE relay UE in Scenario 2 is quite problematic.
First, RAN2 has agreed that the C-RNTI of CONNECTED relay UE in Scenario 2 is reported to NW by the remote UE. It is obvious that a UE identity other than C-RNTI has to be used for IDLE/INACTIVE case. Defining this new ID and specifying scheme to report this ID to the gNB have specification impact. Note that the IDLE/INACTIVE relay UE, once entering RRC_CONENCTED, will also be required to report its new identifier to the gNB so that NW could associate it to the remote UE. This report cannot reuse the existing SUI signalling. However, the “native” CONNECTED relay UE (the relay UE is already known by its C-RNTI before MP-addition/change) is not required to report it. This will create a difference for the relay UE behaviour between those two cases. Also, if this UE identity is a pageable identifier like 5G-S-TMSI, then RAN2 may need to consider the design to let the network to bring the Relay UE into RRC_CONENCTED with a paging message, which is a design not used by Scenario 1.
Hence, no matter how this relay UE identifier is designed, new signalling mechanism would be necessary. That will cause remote UE and relay UE’s MP procedure in Scenario 2 becoming more complex than that of Scenario 1, which violates the principle specified in WID [3] for Scenario 2 “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).”
Observation 3
More specification work is needed to support IDLE/INACTIVE relay UE in Scenario 2, which would violate the WID guidance of reusing the design of scenario 1 for Scenario 2.  

Secondly, as the remote UE does not report any measurements of non-3GPP link between the remote UE and the (candidate) IDLE/INACTIVE relay UE, the gNB would not obtain any solid knowledge to evaluate the IDLE/INACTIVE relay UE. So, it is unclear how NW can benefit from the report of such a relay UE.

Observation 4
gNB does not obtain any useful information for Relay UE selection from the remote UE’s reporting of IDLE/INACTIVE relay.  

Finally, if the remote UE has a preference on a particular relay UE (e.g., among several different non-3GPP link options, Wi-Fi/Bluetooth/Ethernet, or among the potential relays of the same non-3GPP access technology), it is more straight-forward for the remote UE to trigger the preferred relay UE entering RRC_CONNECTED state first, before reporting it to the NW for the sake of multi-path. This also helps to reduce the overall latency of multi-path configuration procedure. 

Observation 5
It is more straight-forward and efficient to let the remote UE trigger the IDLE/INACTIVE relay UE to enter CONNECTED before reporting about it to the NW.  
It was argued that it is inefficient to make the RRC connection before reporting the candidate relay UE to the gNB as the gNB may not decide to change the indirect path at all. Technically, it is possible that the network decides not to change the indirect path, but it is questionable why the network rejects the indirect path change or how frequently it would happen. In addition, we would assume that the indirect path change basically does not happen so frequently because the link quality is assumed ideal in Rel-18.

Observation 6
Making RRC connection before reporting the candidate relay UE does not cause any significant overhead.
Therefore, we think only RRC_CONECTED relay UE is to be considered in Case G. Since the indirect path addition of IDLE/INACTIVE relay will have the same problems, we think IDLE/INACTIVE relay should not be supported in Case A either. 
Proposal 2
IDLE/INACTIVE relay UE is not supported in Case G and Case A. 

3 Conclusion
In this paper, we have discuss the Case G support for Multi-path scenario 2, and have the following observations:

Observation 1
In scenario 2, it is expected that the situation requiring an indirect path change while maintaining the direct path change does not frequently occur.
Observation 2
If case G is allowed with multiple candidate relay UEs, unnecessary signalling impact will be introduced in RRC spec.  

Observation 3
More specification work is needed to support IDLE/INACTIVE relay UE in Scenario 2, which would violate the WID guidance of reusing the design of scenario 1 for Scenario 2.  

Observation 4
gNB does not obtain any useful information for Relay UE selection from the remote UE’s reporting of IDLE/INACTIVE relay.  

Observation 5
It is more straight-forward and efficient to let the remote UE trigger the IDLE/INACTIVE relay UE to enter CONNECTED before reporting about it to the NW.  
Observation 6
Making RRC connection before reporting the candidate relay UE does not cause any significant overhead.
Then, we have the following proposal for MP Scenario 2:

Proposal 1
For Case G indirect path switch, Remote UE reports only a single relay UE for NW to consider. 

Proposal 2
IDLE/INACTIVE relay UE is not supported in Case G and Case A. 
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