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Discussion and decision
1 Introduction

This contribution discusses a number of eSL relay (re-)selection related issues. First we aim to identify the operations of a remote UE that are affected by the relay (re-)selection, as we think that developing a common understanding on this aspect is important for making further decisions on relay (re-) selection. Secondly we evaluate which parameters should be used as input for the relay (re-)selection. Finally, we evaluate the need for network control regarding relay selection by a UE in network coverage.

2 Discussion

2.1 UE operations affected by relay (re-)selection

Before taking further decisions regarding relay selection/ re-selection, it seems important to develop a common understanding of what happens when a) the UE selects or reselects a relay while out of coverage and b) when the UE switches to using a relay while in network coverage.

Our assumptions regarding the (AS) behaviour of a remote UE upon (re-)selection of a relay are as follows:

· 
Resource usage: the remote UE, whether in or out of network coverage, selects Tx and Rx resources in accordance with existing REL-12 principles i.e. this is not affected by relay (re-)selection

· 
Group communication: the remote UE performs transmission and reception of group communication in accordance with existing REL-12 principles i.e. this is not affected by relay (re-)selection (the group identity is used as destination in the MAC header)

· 
Network communication: the relay may handle forwarding of unicast DL/UL traffic related to Pubic Safety (PS) traffic between remote UE and network using unicast or eMBMS on Uu. For the unicast case, unicast identities are used on PC5. Upon switching to another relay some AS control in such packets changes e.g. the address used in the MAC header, security. Prior to this, some upper layer procedures may be initiated for relay setup, see below.
· 
Non- Sidelink communication: the remote UE handles non- sidelink communication in accordance with legacy principles i.e. this is not affected by relay (re-)selection.

· 
In particular, this means that when a remote UE in coverage selects a relay the non- sidelink traffic continues to be served by the eNB. Moreover, the eNB maintains the RRC connection according to legacy procedures e.g. release the connection based on RRM measurements (poor link quality) or if neither unicast nor scheduled Sidelink data transfer.

· 
Relay setup: upper layers in the remote UE may trigger procedures towards relay (e.g. authentication, security setup) to initiate relaying of unicast PS traffic, or to initiate forwarding of a particular eMBMS service.

The previous analysis is reflected by the following observation:

Observation 1
The non-Sidelink operation of a remote UE is not affected by (re-)selection of a relay
Observation 2
The sidelink operation of a remote UE is not affected by (re-)selection of a relay except that some upper layer procedures may be triggered for relay setup/ to initiate relaying of PS traffic e.g. authentication, security setup. Subsequently, some AS control in the relayed PS traffic packets changes e.g. the address used in the MAC header, security
2.2 (Re-)selection parameters

Potential input parameters and relevance
The following table provides an overview of potential input parameters for relay selection including upper layer parameters, Uu related parameters and PC5 related parameters. The table also comments on the merits/ relevance.

	No
	Parameter
	Description
	Relevance

	Upper layer parameters

	
	PLMN ID (FFS)
	Indicates PLMN(s) for which relaying is supported. In case of sharing, PLMN ID is assigned by HPLMN
	Might be used to filter out relays not providing connectivity for the UE

	
	Connectivity Info
	Indicates connectivity provided by relay (model A) or requested from relay (model B) e.g. APN info.
	Might be used to filter out relays not providing connectivity for the UE

	
	Group Info
	The use of this information does not seem to be entirely clear. It might be used in case of eMBMS, indicating services currently relayed (model A) or for which relaying is requested (model B)
	Difficult to evaluate given the unclear status. Might be used to filter out relays not supporting the group(s) of the UE or to prioritise selection of relays already relaying the group(s) of the UE

	Uu related parameters

	
	Status/maintenance flags
	Indicates e.g. that remote UE should move to another relay as connectivity is bad or battery is low
	Might reduce service interruption as it may facilitate make before break. See further discussion in the following

	
	Radio Layer Information
	Contains information about the radio layer information, e.g. radio conditions between the eNB and the UE-to-Network Relay, to assist the Remote UE selecting the proper UE-to-Network Relay
	May provide an indication of the system cost of transferring a bit across Uu. The benefit of using this parameter for relay selection largely depends on whether pathloss to donor eNB differs significantly for candidate relays. We think E-UTRAN should be able to ensure that relays have proper and not very different Uu radio link quality, also considering that candidate relays are nearby i.e. all in vicinity of remote UE.

	
	Achievable throughput
	Indication of the estimated throughput, taking into account that different relays may have quite different capabilities
	In case the network ensures a sufficient number of UEs is configured as relay, this does not seem very important/ relevant.

	PC5 related parameters

	
	Radio link quality
	
	No need to discuss (already agreed during R2#89b)


Tab. 1: Potential relay selection inputs and their relevance
Some further considerations:

· 
Service interruption upon re-selection: Assuming that communication with serving relay continues until the UE starts communication the target relay, service interruption is primarily corresponding with upper layer procedures for relay setup. This concerns e.g. authentication, security setup to initiate relaying of PS traffic using unicast on Uu, or procedures to initiate forwarding of a particular service using eMBMS on Uu. Given the current status of the work, it seems difficult to provide a good estimate of the associated delays

· 
Complexity relay (re-) selection: When using a larger number of parameters for relay (re-) selection, especially when using multiple parameters for ranking relays, UE complexity of the relay (re-) selection in the UE will increase. Hence, some further discussion on this asect seems beneficial (see below).

Complexity of relay (re-)selection algorithm

We think the relay (re-) selection algorithm cannot be left to UE implementation. When many parameters are to be taken into account the algorithm is likely to become complicated and difficult to agree and specify. E.g. in case both PC5 and Uu link quality were to be used as input for ranking candidate relays, possibly in combination with estimated achievable throughput on Uu, it is not trivial how the different parameters are best used in the relay selection algorigthm.

A further question is how important selection of the most optimal relay really is. As every relay re-selection involves signalling overhead and some service interruption, it seems preferable to avoid relay re-selections that are not really needed. Altogether we think that relay selection should be based on a limited number of parameters, and that the algorithm should ensure the UE stays on the selected cell as long as possible.

Proposal 1
Relay selection should be based on a limited number of parameters, and should avoid relay re-selections that are not really needed)
Besides PC5 radio link quality, we have not identified any other input parameter that is really essential. Consequently, we propose:

Proposal 2
Remote UE selects relay purely based on PC5 radio link quality i.e. no additional factors are considered (apart from possibly filtering out inaccessible relays based on upper layer info)
2.3 Relay selection in network coverage

In section 2.1 we investigated the changes to the operations of a remote UE when switching to using a relay while in network coverage. In summary, we assume there are:

· 
no changes to the resources used by the UE for sidelink operation,

· 
no changes to the non-sidelink operation i.e. the UE does not suddenly disappear but continues to transfer non-sidelink data unchanged, continues RRM measurement reporting so E-UTRAN can maintain the RRC connection according to REL-12 operation (i.e. release upon poor link quality or if there is neither unicast nor scheduled SL data transfer ongoing)

· 
the main change is that upon relay selection the UE may trigger some upper layer procedures for relay setup e.g. authentication, security (involving transfer of ProSe signalling between UE and relay). Subsequently the PS traffic between UE and network is transferred via the relay, using unicast or eMBMS on Uu. On PC5, a unicast address is used in the MAC header (i.e. destination field set to unicast identity of the relay) for the upper layer procedures for relay setup as well as the PS traffic
Let’s review the motivation provided by companies for network controlled re-selection, taking into account the above and service interruption analysis in 2.2:

· 
Avoid that UE suddenly disappears: as indicated in the previous, we assume that non-sidelink operation is not affected by the (re-)selection of a relay.

· 
Service continuity (avoiding interruptions): w.r.t. as indicated in the previous, there may be some service interruption associated with relay setup. We are however not sure that there is a more stringent requirement for this scenario compared to (re-)selection while out of network coverage. Furthermore, before introducing all complexity associated with network controlled (re-)selection we think some further analysis is needed i.e. showing that this is essential to meet the requirements
· 
Need to perform authorisation: The (re-)selection will result in use of additional SL Tx resources by the relaying UE, mainly for relaying the remote UE’s PS related traffic. When assigning Tx resources by dedicated signalling, the eNB can verify that the UE is authorised to perform ProSe. In case of relaying, the eNB is not aware of the one or more UEs for which traffic is relayed. We however assume the relay and remote UE belong to same PS community and hence that there is no need for individual authorisation (nor for individual charging).

We think that UE based relay (re-)selection should be the baseline for use in network coverage as it more or less comes for free while the introduction of network controlled relay selection involves introduction of quite a bit of additional complexity. We think we should try to avoid introducing such enhancements, especially given the limited time that is available for completing the work. Based on our analysis, we have so far not identified any real justification for introducing network controlled relay selection and hence propose:

Proposal 3
UE based relay (re-)selection is used by a remote UE that is in network coverage
3 Conclusion & recommendation
This contribution includes the following observations and proposals related to relay selection. RAN2 is requested to discuss and conclude the following:

Observation 1
The non-Sidelink operation of a remote UE is not affected by (re-)selection of a relay
Observation 2
The sidelink operation of a remote UE is not affected by (re-)selection of a relay except that some upper layer procedures may be triggered for relay setup/ to initiate relaying of PS traffic e.g. authentication, security setup. Subsequently, some AS control in the relayed PS traffic packets changes e.g. the address used in the MAC header, security
Proposal 1
Relay selection should be based on a limited number of parameters, and should avoid relay re-selections that are not really needed)
Proposal 2
Remote UE selects relay purely based on PC5 radio link quality i.e. no additional factors are considered (apart from possibly filtering out inaccessible relays based on upper layer info)
Proposal 3
UE based relay (re-)selection is used by a remote UE that is in network coverage
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