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1   Introduction
In the last RAN2 meeting, an email discussion [1] was arranged to discuss the relay UE selection and reselection issue. Here we analyze some issues not handled in the email discussion, such as whether a timer for relay UE selection and reselection is required and how ranking is performed. 
2   Discussions
Background of cell selection/reselection

At a first glance, relay UE selection and reselection could follow the same principles applied to cell selection and reselection. However, relay selection/reselection is different from cell selection/reselection in that the relay UE is introduced for public safety, which is assumed to be supported only one single carrier. Hence we only need to focus on the cell selection and intra-frequency reselection. For cell selection, a cell can only be selected when it satisfies the S-criteria indicated in SIB1. During this procedure, no ranking and timer is required. The purpose is to have UEs connecting to network as quickly as possible. In intra frequency cell reselection, when the serving cell does not fulfil Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE shall start intra-frequency RRM measurements. Then the UE performs ranking among serving cell and neighbour cells and reselects the best ranked cell. Moreover, the parameters Treselection and QHyst are scaled when the UE is in high/medium mobility state. The following table provides the schemes and parameters applied in cell selection and reselection.

Table 1. Schemes in cell selection and reselection

	
	Schemes
	Details

	Cell selection
	S criteria
	Srxlev > 0  AND  Squal > 0
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp

	Cell reselection
	Measurement start timing
	When serving cell does not fulfil:

Srxlev > SIntraSearchP and Squal > SIntraSearchQ

	
	Cell ranking criterion
	Rs = Qmeas,s + QHyst - Qoffsettemp
Rn = Qmeas,n - Qoffset - Qoffsettemp
- the
new cell is better ranked than the serving cell during a time interval Treselection;

- more than 1 second has elapsed since the UE camped on the current serving cell.

	
	Speed Scaling
	Treselection and QHyst are scaled when the UE is in high/medium mobility state.


Relay UE selection/reselection
The scenarios of relay UE selection/reselection are illustrated in the following figure. 
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Fig. 1 Scenarios of relay UE selection and reselection

When a remote UE moves to the edge of the serving cell, during the procedure of relay UE selection, the remote UE also simultaneously performs legacy mobility related operations, like RRM measurement and HO. As shown in Fig. 1, when remote UE A moves from eNB1 coverage to eNB2, it passes through the coverage area of relay UE 1. Remote UE A performs normal RRM measurement on neighbour cells and also performs relay UE discovery when the configured threshold is met. Similarly for remote UE C performing relay UE reselection, it shall simultaneously perform cell selection. The procedures of normal mobility operation and relay UE selection/reselection are independent.
Observation 1: The relay UE selection/reselection is independent from legacy mobility operation.
We can divide relay selection/reselection into three cases: Relay UE selection for UEs served by EUTRA, Relay UE selection for out of coverage UEs and Relay UE reselection.
Case 1: Relay UE selection for UE served by EUTRA
Unlike cell selection, for remote UE it’s not that urgent to select a relay UE since the remote UE is already served by EUTRA. However, a ping-pong switch between EUTRA and PC5 may happen in this case. To avoid this, a mechanism like ranking used in cell reselection could be introduced. As shown in Table 1, the ranking scheme in cell reselection involves the serving cell and neighbour cells. For relay UE selection ranking is only performed among detected relay UEs.

Proposal 1: For UEs served by EUTRA, the relay UE selection scheme should be as follows:
(When the signal strength of the Uu link is below a configured threshold, the UE starts performing relay UE discovery) For relay UE selection, ranking is performed among detected relay UEs whose PC5 link quality is above a configured suitability threshold. And the relay UE is only selected when it is best ranked during a time interval TselectionProse.
After selecting a relay UE and establishing the layer-2 link with the selected relay UE, the remote UE can autonomously decide when to switch the data traffic to PC5. After connecting to a relay UE, a remote UE may still remain in EUTRA coverage (just like remote UE D does in Fig. 1) and the Uu link quality might even improve. In this case, a remote UE may attempt to switch the data traffic back to Uu link to achieve a more efficient use of radio resources. However, at this point in time the remote UE might not be in RRC Connected anymore. If the remote UE has already released its RRC connection, it shall attempt to reconnect to the network. Otherwise, if the remote UE is still in RRC connected state, it can be left up to the remote UE to decide when to switch data traffic back to the Uu link.
Proposal 2: No need to define when the remote UE switches data traffic from Uu to PC5 (or back to Uu) when it connects to both a EUTRA cell and a relay UE.
Case 2: Relay UE selection for out of coverage UEs
This case has the same requirement as EUTRA cell selection, where the most critical issue is to get the remote UE connected to a relay UE as soon as possible. Therefore we propose to have a similar scheme as cell selection.
Proposal 3: For out of coverage UEs, a remote UE selects the first detected relay UE whose signal strength is above a pre-configured suitability threshold.
Case 3: Relay UE reselection

For relay UE reselection, a similar scheme as relay UE selection is proposed.
Proposal 4: The relay UE reselection scheme should be as follows:
When the signal strength of the serving relay UE is below a pre-configured threshold, the UE starts performing relay UE discovery. For relay UE reselection, ranking is performed among serving and detected relay UEs. The remote UE only reselects a relay UE when the relay UE is best ranked during a time interval TreselectionProse. A pre-configured hysteresis is added to serving relay UE when ranking is performed.
Speed scaling for relay UE selection and reselection
Speed scaling scheme requires a reliable speed measurement function. The UE speed is calculated by eNB in EUTRA. For ProSe, the remote UE may be in RRC idle mode which makes the speed estimation at the eNB not possible. Moreover, the measurement of the relative speed between remote UEs and relays UE is more difficult. Therefore, we suggest not defining the speed scaling scheme in relay UE selection and reselection.
Proposal 5: No need to define speed scaling scheme in relay UE selection and reselection.
How to perform Sidelink measurement
As shown in [2], RAN1 has discussed the Sidelink measurements for relay UE selection and has concluded that Sidelink measurements of radio link quality between remote UE and relay UE are feasible. If PSDCH is used for relay discovery, the UE performs measurement for PC5 link quality using DMRS of PSDCH. And at least RSRP measurement is specified. 
Observation 2: The RSRP metric of PC5 link quality is only measured on PSDCH (discovery message).
In Model A, the Relay UE periodically transmits the Relay announcement message. In Model B, the remote UE transmits a Relay solicitation message and then the relay UE sends back a Relay response message. In both cases, when the remote UE performs initial relay UE selection, it may perform measurements of the relay UEs transmitting discovery message (Relay announcement messages in Model A or Relay response messages in Model B). 
After selecting a relay UE, a remote UE shall keep monitoring the PC5 link quality. Later on, if the remote UE performs relay UE reselection when the signal strength of PC5 link of the serving relay UE drops below a threshold, it shall perform RSRP measurement on neighbour relay UEs. We need to first discuss whether, also for relay UE reselection, the RSRP metric is also measured only on discovery messages. If yes, for Model B where the relay UE does not periodically transmit discovery messages, one possible solution is to specify that a remote UE continues transmitting discovery solicitation messages to get RSRP results from both the serving relay UE and neighbour relay UEs.
Proposal 6: Discuss whether the RSRP metric is also measured only on PSDCH (discovery message) for relay UE reselection.
Proposal 7: If the answer for Proposal 6 is yes, for Model B discovery, a remote UE needs to continue transmitting discovery solicitation messages after connecting to a relay UE to get RSRP results from both the serving relay UE and neighbour relay UEs.
3   Conclusion
Observation 1: The relay UE selection/reselection is independent from legacy mobility operation.
Proposal 1: For UEs served by EUTRA, the relay UE selection scheme should be as follows:
(When the signal strength of the Uu link is below a configured threshold, the UE starts performing relay UE discovery) For relay UE selection, ranking is performed among detected relay UEs whose PC5 link quality is above a configured suitability threshold. And the relay UE is only selected when it is best ranked during a time interval TselectionProse.
Proposal 2: No need to define when the remote UE switches data traffic from Uu to PC5 (or back to Uu) when it connects to both a EUTRA cell and a relay UE.

Proposal 3: For out of coverage UEs, a remote UE selects the first detected relay UE whose signal strength is above a pre-configured suitability threshold.
Proposal 4: The relay UE reselection scheme should be as follows:
When the signal strength of the serving relay UE is below a pre-configured threshold, the UE starts performing relay UE discovery. For relay UE reselection, ranking is performed among serving and detected relay UEs. The remote UE only reselects a relay UE when the relay UE is best ranked during a time interval TreselectionProse. A pre-configured hysteresis is added to serving relay UE when ranking is performed.
Proposal 5: No need to define speed scaling scheme in relay UE selection and reselection.
Observation 2: The RSRP metric of PC5 link quality is only measured on PSDCH (discovery message).
Proposal 6: Discuss whether the RSRP metric is also measured only on PSDCH (discovery message) for relay UE reselection.
Proposal 7: If the answer for Proposal 6 is yes, for Model B discovery, a remote UE needs to continue transmitting discovery solicitation messages after connecting to a relay UE to get RSRP results from both the serving relay UE and neighbour relay UEs.
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