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1. Introduction
In last meetings, RAN2 agreed on relay UE selection/reselection as below[1][2]:

	RAN #91
Relay selection/reselection for all remote UEs

…
-
The remote UE can also trigger a selection of a new relay when it receives a release message from the relay UE (as defined by SA2).
RAN #91bis

-
ProSe Relay UE ID is available at upper layer and inter layer interaction is left to UE implementation.
-
Layer 3 filtering of PC5 measurement and PC5 measurement based ranking is specified at AS layer

-
It is not required to define which layer takes final decision to select a relay. There will be suitability criterion at AS layer and at upper layer; both of these criterion should be satisfied to select a relay

-
: Following definition of relay (re)selection is defined in RAN2 specification

· Relay Selection: Process of identifying a potential UE-to-NW relay, which can be used for connectivity service (e.g. to communicate with a PDN).

· Relay Reselection: Process of changing previously selected UE-to-NW relay and identifying potential new UE-to-NW relay, which can be used for connectivity service (e.g. to communicate with a PDN).

-
Uu (of Relay UE) signal strength is not considered for relay selection/reselection

-
The ranking of UE-to-Network Relays is based on the link quality on PC5, strongest to weakest.  FFS whether the UE may select the UE-to-Network Relay which has the best link quality on PC5 and satisfies higher layer criteria 

-
AS layer triggers relay reselection when PC5 signal strength of current relay is below configured (same threshold as agreed in RAN2#91 for suitable relay) signal strength threshold.  A hysteresis will be added, a timer and/or an offset.  Details will be finalized in stage 3 CR writing.  

-
A remote UE may send UESidelinkInformation (for relay discovery and communication) to eNB only if the Uu link quality at the UE is below an optional network configured threshold


With above RAN2 agreements, in this contribution, we would discuss how to release multiple remote UEs by a relay UE when all the remote UEs are required to initiate relay UE reselection procedure as fast as possible.
2. Discussion

Before the further discussion on initiating relay UE reselection procedure, possible scenarios to stop relay operation in relay UE are listed up as below:

1. The Uu link quality is dramatically decreasing to declare RLF.

A. With/without Uu link quality thresholds.

2. Bettery of the relay UE getting low to stop transmission via Sidelink or WAN.

3. Releasing from eNB (e.g. deconfiguration on tx resource for UE-to-NW discovery).
Additionally, we have to consider how many remote UE can be connected to one relay UE. According to Rel-12 specification and discussion in Rel-13, maximum number of remote UEs can be at least 63 regarding configurable discovery resources within a period in a discovery pool.

In this contribution, we assume that PC5 link quality is good enough between a relay UE and connected remote UEs when the relay UE declares RLF unexpectedly. For Type 2B, configured resources can be changed by request from the relay UE. The number of the configured resources can be smaller than connected remote UEs since for efficiency of discovery resources, the relay UE can send UESidelinkInformation message when there is no discovery information for connected a remote UE. When the relay UE is in RLF condition, the relay UE should initiate “layer-2 link release over PC5 procedure“ as soon as possible for all remote UEs but the relay UE cannot request resources to eNB to transmit “disconnect request” messages simultaneously. So, the layer-2 link release over PC5 procedure would be initiated sequentially since all upper layer signaling is one-to-one communication between the relay UE and the remote UEs. This mismatched resource configuration can occur unexpected delay to initiate relay reselection for some the remote UEs.
Observation 1: Regarding scenarios for unexpected stop of UE-to-NW relay operation, the delay of PC5 link release to initiate relay reselection would be occurred in a remote UE.
To trigger relay reselection procedure for remote UEs, a couple of solutions in TS23.303 can be considered as follow sections.
2.1. Explicit solution: Layer-2 link release over PC5 procedure
The motivations to introduce this procedure are similar to scenario 1 and 2 (Yellow highlight):
	5.4.5.4
Layer-2 link release over PC5

Depicted in figure 5.4.5.3-4 is layer-2 link release procedure over PC5. This procedure can be also used to release the layer-2 link between the Remote UE and the UE-to-Network Relay, initiated by either the Remote UE or the Relay e.g. due to temporary loss of connectivity to the network, battery running low of the relay, etc.
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Figure 5.4.5.4-1: Layer-2 link release over PC5

1.
UE-1 sends a Disconnect Request message to UE-2 in order to release the layer-2 link and deletes all context data associated with.

2.
Upon reception of the Disconnect Request message UE-2 responds with a Disconnect Response message and deletes all context data associated with the layer-2 link.


However, in RAN2 #91 meeting, RAN2 agreed on stop/start condition for relay discovery operation as below [1]:
	-
The eNB may broadcast a minimum and/or a maximum Uu link quality (RSRP/RSRQ) thresholds that UEs need to respect to autonomously start/stop the relay discovery procedure using the broadcasted information.


It means if a relay UE is in RLF, the relay UE with Uu link quality (RSRP/RSRQ) thresholds could stop all relay discovery procedure. So, the Layer-2 link release over PC5 procedure cannot be used for scenario 1.
Observation 2: For scenario 1, the relay UE may not initiate layer-2 link release over PC5 procedure when Uu link quality (RSRP/RSRQ) thresholds are received.
2.2. Implicit solution: Direct link Keepalive procedure
According to observation 2, implicit solution is preferred to release all PC5 link connections.

For scenario 2, the relay UE may prefer to continue WAN transmission than Sidelink operation. It is depends on UE implementation whether the relay UE request additional resources and initiate “Layer-2 link release over PC5 procedure” for all remote UE.
For scenario 3, available TX resources are released by eNB. Hence, for both of scenarios, implicit manner to release PC5 link could be preferred.
The keepalive procedure is introduced to guarantee PC5 link connection. In TS 24.334, details for keep alive procedure have been discussing in [3]:
	10.x.3
 Direct link keepalive procedure 

10.x.3.1
General

The Direct link keepalive procedure is used to maintain the direct link between two ProSe-enabled UEs, i.e., check that the link between the two UEs is still viable. The procedure can be initiated by either end points of the direct link. The UE sending the DIRECT_COMMUNICATION_KEEPALIVE message is called the "requesting UE"and the other UE is called the "peer UE".

10.x.3.2
Direct link keepalive procedure initiation by the requesting UE

The requesting UE manages a keepalive timer T4012 and a keepalive counter for this procedure. The keepalive timer T4012 is used to trigger the periodic initiation of the procedure. It is started or restarted whenever the UE receives a PC5 Signalling message or PC5 user plane data from the peer UE over this link. The keepalive counter is set to an initial value of zero after link establishment.

The requesting UE may initiate the procedure if:

-
a request from upper layers to check the viability of the direct link is received; or 

-
the keepalive timer T4102 for this link expires.

The requesting UE initiates the procedure by stopping timer T4012 if it is still running and generating a DIRECT_COMMUNICATION_KEEPALIVE message with a Keepalive Counter IE that contains the value of the keepalive counter for this link.
After the DIRECT_COMMUNICATION_KEEPALIVE message is generated, the requesting UE shall pass this message to the lower layers for transmission along with the requesting UE’s Layer 2 ID (for unicast communication) and the peer UE's Layer 2 ID (for unicast communication), and start retransmission timer T4101.
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Figure 10.x.3.2.1: Direct link keepalive procedure

10.x.3.3
Direct link keepalive procedure accepted by the peer UE

Upon receiving a DIRECT_COMMUNICATION_KEEPALIVE message, the peer UE shall respond with a DIRECT_COMMUNICATION_KEEPALIVE_ACK message including the Keepalive Counter IE set to the same value as that received in the DIRECT_COMMUNICATION_KEEPALIVE message.

10.x.3.4
Direct link keepalive procedure completed by the requesting UE

Upon receiving a DIRECT_COMMUNICATION_KEEPALIVE_ACK message, the requesting UE shall stop retransmission timer T4101, start keepalive timer T4102 and increment the keepalive counter for this link. 
10.x.3.5
Abnormal cases

10.x.3.5.1
Abnormal cases at the requesting UE

If retransmission timer T4101 expires, the requesting UE shall initiate the procedure again with the last used keepalive counter value.

NOTE:
The maximum number of allowed retransmissions is UE implementation specific.


If we can assume that the PC5 link is maintained for a while, the keepalive procedure can be initiated when T4102 is expired. However, value of T4102 timer is 4 minutes greater than T4101 of which minimum value is 1 minute. So, the keepalive procedure is not enough to release multiple remote UEs for the regarding expected delay tolerance to initiate relay reselection procedure.
Observation 3: Keepalive procedure would not satisfy the requirement to initialize relay reselection procedure for the remote UEs.
Therefore, to prevent relay discovery procedure stop in scenario 1, we propose
Proposal 1: Relay UE should initiate “Layer-2 link over PC5” procedure for all connected remote UEs even though Uu link quality (RSRP/RSRQ) thresholds are received and not satisfied.
2.3. Solutions
With proposal 1, we cannot solve every concern points. So, to handle the delay problem, several solutions can be considered as follow:
· Option 1: Keep discovery resources regarding the number of connected remote UEs
To prepare unexpected situation, relay UE should keep discovery resources in order to cover to send disconnect request message to all connected remote UEs. This requirement should be captured in specification.
However, this solution could waste discovery resources because some remote UEs would be required to receive only keepalive message for a while.
· Option 2: Introduce new ProSe group ID
In general, the relay UE can have multiple ProSe UE ID based on each PDN Connection. So, new ProSe group ID can be considered for all connected remote UEs to send only one disconnect message.
However, to introduce this concept, huge specification impacts would be expected in both of low and upper layer.
· Option 3: Using communication channel to indicate PC5 link release in broadcast manner
If RAN2 can agree that some discovery information can transmit via communication channel (SL-SCH => PSSCH), the relay UE can send the disconnect request or new release message via PSSCH with source layer-2 ID and broadcast destination ID for all remote UEs.
However, this option also has huge specification impacts for both of low and upper layer.
Regarding above options, we slightly prefer option 1 for simplicity.
Therefore, we propose
Proposal 2: Relay UE is required to keep discovery resources regarding the number of connected remote UEs even though there are no discovery information for the remote UEs.
3. Conclusion
In this contribution, we explain what we observed at unexpected stop of relay operation due to several reason.
Observation 1: Regarding scenarios for unexpected stop of UE-to-NW relay operation, the delay of PC5 link release to initiate relay reselection would be occurred in a remote UE.
Observation 2: For scenario 1, the relay UE may not transmit PC5 link release message due to Uu link quality (RSRP/RSRQ) thresholds.
Observation 3: Keepalive procedure would not satisfy the requirement to initialize relay reselection procedure for the remote UEs.
Therefore, we propose

Proposal 1: Relay UE should initiate “Layer-2 link over PC5” procedure for all connected remote UEs even though Uu link quality (RSRP/RSRQ) thresholds are received and not satisfied.
Proposal 2: Relay UE is required to keep discovery resources regarding the number of connected remote UEs even though there are no discovery information for the remote UEs.
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