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Introduction

During  RAN2#113bis and RAN2#114 Meeting, the relay discovery was discussed and a lot of agreements have been reached. On the other hand, the following issues have been agreed to discuss after RAN#92-e. On the other hand, the relay selection is briefly discussed in RAN2#115 meeting. A working assumption, i.e., Include NCI in the relay discovery message, is made. In this contribution, we will discuss the FFS issues, working assumption on relay (re)selection, and give our proposals. In addition, the network capability of L2 and L3 relay are also discussed.
	RAN2#113bis

if both a suitable cell and a suitable relay are available, the remote UE can select either one (or both, for L3 relay only) based on its implementation in this release (i.e. TS 38.304 will not specify any additional procedure for selecting between the cell and the relay). It is FFS whether any enhancements to the cell (re)selection procedure for L2 relay.
RAN2#114
For L2 U2N relay, cell ID can be used as additional AS criteria for relay (re)selection. RRC states under which the cell ID may be applied by L2 remote UE and how to use it by L2 remote UE are left to be addressed for L2 specific discussions. And the usage of cell ID by gNB for RRC CONNECTED L2 remote UE is handled by CP procedure and service continuity topic for L2 relay.

RAN2#115

Working assumption: Include NCI in the relay discovery message.


Discussion

Cell (re)selection vs. Relay (re) selection
As agreed in RAN2#113bis-e meeting, if both a suitable cell and a suitable relay are available, the remote UE can select either one (or both, for L3 relay only) based on its implementation in this release (i.e. TS 38.304 will not specify any additional procedure for selecting between the cell and the relay). It is FFS whether any enhancements to the cell (re)selection procedure for L2 relay.
As we can see, L2 relay may select either a suitable cell or select a suitable relay for its data transmission. When both suitable cell and relay are available, remote UE can select either one based on implementation. However, the relay selection and cell selection may impact each other in the remote UE RRC re-establishment scenarios. According to the WID (RP-210904), the service continuity mechanism shall be limited to intra-gNB cases. For the normal UE re-establishment, the SN status transfer and path switch need to be performed if the cell for re-establishment belongs to another gNB to ensure service continuity. Due to the limited time, it is suggested that intra-gNB restriction is also applied to the RRC re-establishment case. Bearing this principle in mind, we may consider the following remote UE RRC re-establishment scenarios: 

Scenario 1: RRC_Connected remote UE autonomous path switch from one relay UE to another relay UE due to PC5/Uu RLF. In this scenario, the remote UE is suggested to re-select a relay which is served by the same cell/gNB as original relay. In this way, service continuity could be guaranteed without context transfer between gNBs.
Scenario 2: RRC_Connected remote UE autonomous path switch from direct link to indirect link due to Uu RLF. In this scenario, the relay re-selection should prioritize the relay UE which is served by the same cell/gNB.

Scenario 3: RRC_Connected remote UE autonomous path switch from indirect link to direct link due to PC5 RLF or relay UE’s Uu RLF. In this scenario, the remote UE should select the cell which serve the previously connected relay UE. 

In a sum, if RRC_Connected remote UE preforms relay re-selection due to Uu RLF with gNB, PC5 RLF with relay UE, or relay UE’s Uu RLF, it may prioritize the re-selection of a relay served by the same cell/gNB. On the other hand, if the RRC_Connected remote UE performs cell re-selection due to PC5 RLF or relay UE’s Uu RLF, it may prioritize the relay UE’s serving cell or cells controlled by the same gNB. 
Proposal 1: If RRC_Connected remote UE preforms relay re-selection due to Uu RLF with gNB, PC5 RLF with relay UE, or relay UE’s Uu RLF, it may prioritize the re-selection of a relay UE served by the same cell/gNB.. 

Proposal 2: If RRC_Connected remote UE performs cell re-selection due to PC5 RLF or relay UE’s Uu RLF, it may prioritize the relay UE’s serving cell or cells controlled by the same gNB.

AS criteria of Cell ID
During RAN2#114 meeting, it has been agreed that cell ID can be used as additional AS criteria for L2 relay (re)selection. During RAN2#115 meeting, “Include NCI in the relay discovery message” is made as working assumption. 
As we know, the NCI is 36 bit and can be used to identify a NR cell within a PLMN. The leftmost 22 to 32 bits of NCI corresponds to the gNB ID, which is of variable size. It means that remote UE can not determine the exact gNB ID of the given cell and further determine whether other cells belongs to the same gNB based on the NCI. On the other hand, PCI is 10 bits and can only be used to identify a cell on the radio side considering the PCI collision does not happen within a given area. It can  not be used to determine which other cells belongs to the same gNB. 
	TS 38.413

9.3.1.7
NR CGI

This IE is used to globally identify an NR cell (see TS 38.300 [8]).

IE/Group Name

Presence

Range

IE type and reference

Semantics description

PLMN Identity
M

9.3.3.5

NR Cell Identity
M

BIT STRING (SIZE(36))

The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.3.1.6).

9.3.1.6
Global gNB ID

This IE is used to globally identify a gNB (see TS 38.300 [8]).

IE/Group Name

Presence

Range

IE type and reference

Semantics description

PLMN Identity
M

9.3.3.5

CHOICE gNB ID
M

>gNB ID
>>gNB ID
M

BIT STRING (SIZE(22..32))

Equal to the leftmost bits of the NR Cell Identity IE contained in the NR CGI IE of each cell served by the gNB.




Generally speaking, the RRC_Connected remote UE may use the cell ID in the following two cases:

Network controlled path switch from direct link to indirect link: RRC_Connected remote UE may report the discovered relay UE and the corresponding cell ID to gNB, gNB then selects appropriate relay UE for the remote UE to perform path switch. 

RRC re-establishment: Suppose the RRC_Connected remote UE directly connects to the gNB and detects RLF, the remote UE may select a neighboring relay UE to recover the network connection. In this case, the remote UE could only determine whether the neighboring relay UE is served by the same cell or not.

As we can see, the inclusion of NCI in relay discovery message can at least facilitate the relay selection of network controlled RRC_Connected remote UE path switch. Because the gNB can identify which NCI reported by remote UE is within the control of the same gNB, it is possible for gNB to select any relays within the same gNB. However, for the relay/cell re-selection during RRCre-establishment, it is hard for the remote UE to determine whether the neighboring relay UE is served by the same gNB no matter NCI or PCI is used as cell ID in the discovery message. So the remote UE can only select same cell or relay UE served by the same cell to perform RRC re-establishment. Based on the above analysis, the inclusion of NCI in relay discovery message is advantageous over PCI at least for network controlled path switch scenario. So it is suggested to use NCI as the cell ID in discovery message. 

Observation 1: gNB ID included in NCI is of variable size between 22 bit and 32 bit. It is hard for remote UE to determine the exact gNB ID of the given cell based on the NCI and then identify whether the neighboring cells belongs to the same gNB or not based on the NCGI/PCI info included in discovery message. 

Observation 2: The inclusion of NCI in relay discovery message can facilitate the relay/cell selection during network controlled RRC_Connected remote UE path switch. Network node can ensure any cells/relays within the same gNB be selected. 

Proposal 3: It is suggested to agree that NCI is included in the relay discovery message. 

Network capability differentiation
Based on the TS 23.304, UE may be capable of one or more of the following capabilities: ProSe Direct Discovery, ProSe Direct Communication, ProSe UE-to-Network Relay (Layer-2 and/or Layer-3), and Remote UE (Layer-2 and/or Layer-3). In addition, AMF may provide the NG-RAN with indication about the UE authorization status about ProSe Direct Discovery, ProSe Direct Communication, Layer-2 ProSe UE-to-Network Relay, Layer-3 ProSe UE-to-Network Relay and Layer-2 Remote UE. For relay UE, the relay service code included in the relay discovery message may indicate whether the UE-to-Network relay is L3 or L2 relay. On the other hand, different gNBs may support different relay types. Generally speaking, the following scenarios should be considered:

gNB only support L2 relay

Based on the previous agreements on SL relay discovery and (re)selection, several thresholds need to be configured by gNB to support the relay discovery and relay selection of both L2 and L3 relay. If the gNB could support L2 relay, it should be able to support L3 relay as well since there is no additional specification impact on gNB. However, network operators may have different policies for the UE-to-Network relay support. For example, some operators may prefer tight network control, which only support the L2 relay and does not allow L3 relay. In this case, the gNB need to explicitly indicate that L3 relay is not allowed or it only allows L2 relay. In order for the  RRC_IDLE/INACTIVE relay UE to be able to detect the relay type supported by gNB, gNB may broadcast the relay type indication via SIB. Upon receiving the L2 relay indication, the L2 relay capable UE may prioritize the cell during cell (re)selection and initiate the discovery transmission/reception when necessary. 
gNB only support L3 relay

Suppose network operator prefers loose control for relay, gNB may be implemented to only support L3 relay. gNB may broadcast the L3 relay indication via SIB. Then the L3 relay capable UE may initiate the relay discovery procedure and act as L3 relay when necessary.  

gNB support both L2 and L3 relay

Suppose the gNB supports both L2 and L3 relay, gNB may broadcast the L2 relay indication as well as L3 relay indication to allow the L2 and L3 relay UE operation. Suppose the UE is capable of both L2 and L3 relay and the UE want to only act as L2 relay, it may send L2 relay indication to gNB. Upon receiving the L2 relay indication from relay UE, gNB check if the UE is authorized for L2 relay. If yes, the gNB may configure the relay UE with Uu RLC channel for CP signalling forwarding as soon as possible. With regard to the L2 relay indication, relay UE may sent it to gNB implicitly. For example, the relay UE may send request to gNB for the local remote UE ID allocation, which can be regarded as the L2 relay indication. 

With regard to the both L2 relay and L3 relay capable remote UE, the gNB may be aware if the UE is authorized as L2 UE-to-netowrk remote UE based on the UE authorization info. If the gNB receive the RRCSetupRequest of remote UE forwarded by relay UE, gNB may determine that the remote UE act as L2 relay. Whether the UE is act as L3 remote UE is transparent to gNB. Based on this observation, it is not necessary for remote UE to send L2 or L3 remote UE indication to gNB.

gNB support neither L2 nor L3 relay

Suppose gNB support neither L2 nor L3 relay, the gNB does not need to broadcast the L2/L3 relay indication in SIB. In this case, some UE may work as L3 relay autonomously based on pre-configuration. However, it may happen that certain network operator prohibit the autonomous L3 relay. To support this scenario, gNB may indicate the L3 relay not allowed indication. Upon receiving such indication, the L3 relay capable UE can not act as L3 relay autonomously. 

Observation 3: From network perspective, the SL relay capability of gNB may be divided into four cases: 1) only capable of L2 relay; 2) only capable of L3 relay; 3) capable of both L2 and L3 relay; 4) capable of neither L2 nor L3 relay.

Proposal 4: It is suggested that gNB broadcast L2 and or L3 relay indication via SIB, which can be used by UE capable of corresponding relay type to initiate the relay operation. 

Observation 4: For the gNB capable of neither L2 nor L3 relay, network operators may prohibit the autonomous L3 relay.

Proposal 5: For the gNB capable of neither L2 nor L3 relay, it may indicate the L3 relay not allowed indication to prohibit the L3 autonomous relay.

On the other hand, it was discussed during RAN2#114 meeting that the relay UE may not be able to differentiate the following two scenarios: 1) network support layer 2/3 relay but does not provide any layer 2/3 relay configuration; 2) network does not support layer 2/3 relay. In our opinion, if the network support L2/L3 relay, it should broadcast the thresholds to support the relay discovery and relay selection of RRC_IDLE/INACTIVE UE. So the scenario 1 is not a valid case. In addition, the gNB may broadcast the L2/L3 relay indication to explicitly indicate its capability. Based on the relay indication, the UE may have clear understanding of whether gNB support SL relay and which relay type is supported. 
Conclusion

Based on the analysis provided above, we have the following observations and proposals:

Observation 1: gNB ID included in NCI is of variable size between 22 bit and 32 bit. It is hard for remote UE to determine the exact gNB ID of the given cell based on the NCI and then identify whether the neighboring cells belongs to the same gNB or not based on the NCGI/PCI info included in discovery message. 

Observation 2: The inclusion of NCI in relay discovery message can facilitate the relay/cell selection during network controlled RRC_Connected remote UE path switch. Network node can ensure any cells/relays within the same gNB be selected. 

Observation 3: From network perspective, the SL relay capability of gNB may be divided into four cases: 1) only capable of L2 relay; 2) only capable of L3 relay; 3) capable of both L2 and L3 relay; 4) capable of neither L2 nor L3 relay.

Observation 4: For the gNB capable of neither L2 nor L3 relay, network operators may prohibit the autonomous L3 relay.
Proposal 1: If RRC_Connected remote UE preforms relay re-selection due to Uu RLF with gNB, PC5 RLF with relay UE, or relay UE’s Uu RLF, it may prioritize the re-selection of a relay UE served by the same cell/gNB.. 

Proposal 2: If RRC_Connected remote UE performs cell re-selection due to PC5 RLF or relay UE’s Uu RLF, it may prioritize the relay UE’s serving cell or cells controlled by the same gNB.

Proposal 3: It is suggested to agree that NCI is included in the relay discovery message. 

Proposal 4: It is suggested that gNB broadcast L2 and or L3 relay indication via SIB, which can be used by UE capable of corresponding relay type to initiate the relay operation. 

Proposal 5: For the gNB capable of neither L2 nor L3 relay, it may indicate the L3 relay not allowed indication to prohibit the L3 autonomous relay.
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