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1	Introduction
In this paper, we discuss aspects related to discovery. 
[bookmark: _Ref178064866]2	Discussions
2.1 Discovery Model
As captured in TS 23.752, in Model A, UE-to-Network Relay announces the discovery message which includes relay related information. In Model B, Remote UE requests relay related information in discovery solicitation message, UE-to-Network Relay sends discovery response message which matches the information in discovery solicitation message. 
From technical potential perspective, it is also feasible to let Remote UE to initiate a discovery procedure using discovery model A. However, in Model A, Remote UE would be required to send the announcement message periodically, which is not power efficient. Meanwhile, a UE which can operate as a Relay UE, would be implicitly required to have sufficient power to support relaying of data from remote UEs. In this case, Model A would be sufficient for Relay UE. In Model B, Remote UE sends solicitation message in an on-demand fashion, i.e., Model B procedure is started when a discovery event is being triggered. As soon as a relay UE is found, the remote UE stops sending the solicitation message.  A Remote UE triggers a discovery procedure to find target relay UE in case the Remote UE needs to change to an indirect path. Model B would be more suitable for Remote UE than Model A. 
[bookmark: _Toc54292646][bookmark: _Toc71534009]It is sufficient for Relay UE to initiate a discovery procedure only using Model A. 
[bookmark: _Toc54292647][bookmark: _Toc71534010]It is sufficient for Remote UE to initiate a discovery procedure only using Model B. 
Meanwhile, allow Remote UE or Relay UE to initiate discovery using both models would impose additional operational complexity.  Therefore, we would like to propose that 
[bookmark: _Toc54292658][bookmark: _Toc71554311]RAN2 confirms the following UE behaviors
a. [bookmark: _Toc54292659][bookmark: _Toc71554312]Relay UE initiates a discovery only using Model A.
b. [bookmark: _Toc54292660][bookmark: _Toc71554313]Remote UE initiates a discovery only using Model B.
In addition, it shall be allowed that a remote UE may also monitor discovery messages announced by a relay capable UE while the remote UE has sent a discovery solicitation message, In this case, the remote UE is allowed to process both discovery announcement messages and discovery response messages, upon which to build a list of candidate relay UEs. The remote UE can further select a most suitable relay UE candidate from the list. Similarly, a relay UE shall be allowed to monitor discovery solicitation messages while the relay UE has sent a discovery announcement message in the proximity.

[bookmark: _Toc54292661][bookmark: _Toc71554314]A remote UE is allowed to monitor discovery announcement messages (from other relay UEs) while already performing a discovery procedure using Model B. Similarly, a relay UE is allowed to monitor discovery solicitation messages (from other remote UEs) while the relay UE has transmitted a discovery announcement using Model A.
[bookmark: _Toc61534284]2.2 Discovery configuration
During the SI phase, it was highlighted by companies that, with separate resource pool, it would lead to unnecessary resource fragmentation, since the discovery resource pool will not be reused for data transmission. Meanwhile, discovery message has relatively small size, and long transmission periodicity. A separate resource pool would also cause low resource utilization efficiency. It was also highlighted that there will be a risk of unnecessary signaling overhead due to the support of dedicated resource pool for discovery. Meanwhile, RAN2 has already agreed to transmit discovery message over SL communication channel. It would be very natural to let discovery and SL communication to share a common resource pool.
[bookmark: _Toc71554315] Separated resource pool for discovery transmission/reception is not supported in Rel-17.
As captured in the TR 38.836, there is another remaining issue left from the SI phase
For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, whether it is allowed to transmit discovery message based on configuration provided by the gNB can be discussed in WI phase.
For a remote UE supporting L2 relay which is out of coverage and connected to a gNB via the relay UE. If the remote UE is in RRC CONNECTED, the remote UE is visible to the gNB so that the gNB can send a discovery configuration via dedicated RRC signaling to the remote UE via the relay UE. If the remote UE in RRC IDLE or RRC INACTIVE, the discovery configuration signaled in the SIB can be forwarded to the remote UE by the relay UE.
[bookmark: _Toc71554316]For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, the remote UE transmits discovery message based on a configuration provided by the gNB (e.g., via SIB or via dedicated signaling).

In the offline discussion 609, for the transmission power of discovery message, the following options are proposed by companies.
Option 1: Transmission power of discovery message is handled same as normal SL data transmission, i.e. transmit power subject to OLPC (Open Loop Power Control).  
Option 2: Transmission power of discovery message is fixed.
In NR Rel-16, It is already supported to apply OLPC for PSSCH transmission. For SL unicast, both DL pathloss component and SL pathloss component are considered in the control procedure to derive transmission power. For SL groupcast and broadcast, it is only DL pathloss component is considered to derive transmission power. The DL pathloss component is considered so to avoid interference to Uu transmission due to PSSCH transmission. Since discovery transmission is transmitted on PSSCH, meaning no difference compared to the other PSSCH transmissions, so at least DL pathloss component shall be considered in the power control procedure. 
[bookmark: _Toc71554317]Transmission power of discovery message is handled same as R16 SL data transmission i.e. transmit power subject to OLPC (Open Loop Power Control).
In RAN2#113bis, the following remaining proposals from the offline discussion 609 are pending for further discussions.

Proposal 7	[Easy][20/22]: WA: L3 relay UE uses pre-configuration for discovery, only if the discovery SIB configuration is not provided by gNB, in case its serving carrier is not shared with carrier for sidelink operation. Otherwise, L3 relay UE uses the configuration for discovery provided by gNB.
Proposal 9	[For discussion][17/23]: FFS: Remote UE (regardless of L2 relaying or L3 relaying) performs discovery based on pre-configuration, only if the discovery configuration is not provided by gNB (regardless not provided, or not able to provide, or not able to obtain in OOC, etc.). Otherwise, Remote UE uses the configuration for discovery provided by gNB.
Proposal 6	[for discussion][16/23]: Relay UE and remote UE (IC) in RRC CONNECTED use the configuration provided via SIB signalling if the configuration configured via dedicated signalling is not available.
 
In the SI phase, RAN2 has concluded rules for UE on how to choose discovery configuration in case of gNB is not capable of SL operation.
Relay UE supporting L3 UE-to-Network Relay is allowed to transmit discovery message based on at least pre-configuration when it is connected to a gNB which is not capable of sidelink relay operation, in case its serving carrier is not shared with carrier for sidelink operation.
Remote UE supporting UE-to-Network Relay is allowed to transmit discovery message based on at least pre-configuration when it is directly connected to a gNB which is not capable of sidelink relay operation, in case its serving carrier is not shared with SL carrier.

[bookmark: _Toc71534011]L3 relay UE is allowed to use pre-configuration to transmit discovery in other frequencies if the serving gNB is not capable of SL relay operation. 
[bookmark: _Toc71534012]Remote UE is allowed to use pre-configuration to transmit discovery in other frequencies if the serving gNB is not capable of SL relay operation. 
Given the above agreements in mind, the above proposal P6 is not accurate. We suggest the following proposals for correction.
[bookmark: _Toc71554318]For Relay UE and remote UE (IC) in RRC CONNECTED and connected to a gNB capable of SL relay operation, if the discovery configuration via dedicated signaling is not available, UE shall not transmit discovery.
[bookmark: _Toc71554319]For L3 Relay UE and remote UE (IC) in RRC CONNECTED and connected to a gNB not capable of SL relay operation, UE is allowed to use pre-configuration to transmit discovery in other frequencies.

The remaining proposal P7 and P9 from the offline discussion 609 concern how a UE (i.e., remote UE or relay UE) chooses discovery configuration in cases gNB is capable of SL relay operation but doesn’t provide discovery configuration in the SIB to the UE. The relevant scenarios cover both intra-carrier (i.e., discovery in the serving carrier) discovery scenarios and inter-carrier discovery scenarios. The UE can be in any RRC state. Since UE behaviors in RRC CONNECTED are already agreed in RAN2#113bis, we only focus on UE behaviors in RRC IDLE or RRC INACTIVE.

In TS 36.300, there are the following rules specified for LTE based Prose Discovery

In case that serving carrier is shared with carrier for SL operation

For UEs in RRC_IDLE, the eNB may select one of the following options:
-	The eNB may indicate in SIB19 that it supports sidelink discovery but does not provide resources for discovery message announcement. UEs need to enter RRC_CONNECTED in order to request resources for discovery message announcement.

In case that serving carrier is not shared with carrier for SL operation

If detailed sidelink discovery configuration and cell (re)selection parameters for other frequencties of same or different PLMN is not provided by serving cell in SIB19, the eNB may indicate if the UE should read SIB19 and other relevant SIBs on other carriers or the UE should request detailed sidelink discovery configuration from serving cell, if it wants to perform discovery message announcement on those carriers of same or other PLMNs. A UE only reads SIB19 and other relevant SIBs of authorised carriers and authorised PLMN:

For the serving carrier which is shared with carrier for SL operation, it is sufficient to apply the same LTE rules.

[bookmark: _Toc71554320]For UE in RRC IDLE or RRC INACTIVE, in case the gNB is capable of SL relay operation but does not provide resources for discovery message announcement in the SIB, and the serving carrier is shared with carrier for SL operation, the UE needs to enter RRC_CONNECTED in order to request resources for discovery message announcement.
For UE in RRC IDLE or RRC INACTIVE, in case the gNB is capable of SL relay operation but does not provide discovery TX resource pool in the SIB on the serving carrier, and the serving carrier is not shared with carrier for SL operation, from the above LTE rules, there are three scenarios that the eNB is able to support/achieve.

Scenario 1: the eNB doesn’t signal TX resource pool in SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is not supported
Scenario 2: the eNB doesn’t signal TX resource pool in SIB for the carrier, also indicates/signals that discovery for the SL carrier is supported, so UE needs to read SIB on the SL carrier for obtaining discovery configuration for the SL carrier
Scenario 3: the eNB doesn’t signal TX resource pool in SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is supported, so UE needs to enter RRC CONNECTED to obtain dedicated configuration in the serving cell for obtaining discovery configuration for the SL carrier

In case the serving carrier is not shared with carrier for SL operation (e.g., discovery or SL communication), there are two distinctive signaling framework available
Alternative 1: for LTE based Prose discovery, the eNB indicates/signals in the SIB whether discovery for the concerned SL carrier is supported, and if so, whether the UE should read SIBs on the concerned SL carrier or the UE should enter RRC CONNECTED and request detailed discovery configuration from serving cell in order to obtain the required resources.

Alternative 2: for SL communication in Rel-16, the gNB doesn’t indicate in the SIB whether SL communication for the concerned SL carrier is supported. The UE needs to enter RRC_CONNECTED in order to obtain resources for the concerned SL carrier.  Whether SL communication for the concerned SL carrier is supported by the UE is indicated based on whether the UE can obtain resources via dedicated RRC signalling after the UE has entered RRC_CONNECTED.

[bookmark: _Toc71534013]In case the serving carrier is not shared with carrier for SL operation, for LTE based Prose discovery, the eNB indicates/signals in the SIB whether discovery for the concerned SL carrier is supported, and if so, whether the UE should read SIBs on the concerned SL carrier or the UE should enter RRC_CONNECTED and request detailed discovery configuration from serving cell in order to obtain the required resources. 
[bookmark: _Toc71534014]In case the serving carrier is not shared with carrier for SL operation, for SL communication in Rel-16, the gNB doesn’t indicate in the SIB whether SL communication for the concerned SL carrier is supported. The UE needs to enter RRC_CONNECTED in order to obtain resources for the concerned SL carrier.  Whether SL communication for the concerned SL carrier is supported by the UE is indicated based on whether the UE can obtain resources via dedicated RRC signalling after the UE has entered RRC_CONNECTED. 

Regardless of which signaling alternative to be adopted by 3GPP, we think it is necessary for RAN2 to agree on the similar scenarios as for LTE Prose discovery.
[bookmark: _Toc71554321]For UE in RRC IDLE or RRC INACTIVE, in case the gNB is capable of SL relay operation but does not provide discovery TX resource pool in the SIB on the serving carrier, and the serving carrier is not shared with carrier for SL operation, RAN2 to confirm the following scenarios same as for LTE Prose discovery to be supported:
c. [bookmark: _Toc71554322]Scenario 1: the gNB doesn’t signal TX resource pool in the SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is not supported
d. [bookmark: _Toc71554323]Scenario 2: the gNB doesn’t signal TX resource pool in the SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is supported, so UE needs to read SIB on the SL carrier for obtaining discovery configuration for the SL carrier
e. [bookmark: _Toc71554324]Scenario 3: the gNB doesn’t signal TX resource pool in the SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is supported, so UE needs to needs to enter RRC CONNECTED to obtain dedicated configuration in the serving carrier for obtaining discovery configuration for the SL carrier.

After RAN2 has confirmed the 3 scenarios in the above, RAN2 can further discuss to choose LTE Prose discovery signaling alternative or SL communication signaling alternative. In our views, RAN2 shall adopt LTE Prose discovery signaling alternative, since the WID has recommended to reuse LTE discovery as the baseline.

[bookmark: _Toc71554325]For UE in RRC IDLE or RRC INACTIVE, in case the gNB is capable of SL relay operation but does not provide discovery TX resource pool in the SIB on the serving carrier, and the serving carrier is not shared with carrier for SL operation, RAN2 chooses LTE Prose discovery signaling alternative, i.e., the gNB indicates/signals in the SIB whether discovery for the concerned SL carrier is supported, and if so, whether the UE should read SIBs on the concerned SL carrier or the UE should enter RRC_CONNECTED and request detailed discovery configuration from serving cell in order to obtain the required resources.
For the UE in RRC IDLE or RRC INACTIVE, if gNB doesn’t provide discovery configuration to the UE in the SIB, one reason is due to that the gNB is not capable of SL relay. In this case, we shall stick to the LTE rules. The UE will not enter RRC CONNECTED in the serving cell to request discovery configuration.
[bookmark: _Toc71554326]For UE in RRC IDLE or RRC INACTIVE, if the gNB is not capable of SL relay operation, the UE shall not enter RRC_CONNECTED on the serving cell to request discovery configuration.
Another remaining issue is that the UE may camp on a gNB which is capable of SL relay operation, however, the SL carrier is neither the serving carrier of the gNB nor signaled in the SIB by the gNB. In this case, whether the UE is allowed to use pre-configuration for the SL carrier is pending issue. We think the UE shall not be allowed to use pre-configuration for the SL carrier due to the following reasons.
1. The network may not want the UE to do discovery on the SL carrier
2. If the SL carrier is preconfigured in the pre-configuration, but the network is not managing the SL carrier, allowing the UE to use pre-configuration may cause interference to the carrier  
3. The UE doesn’t know whether the carrier is managed by the network

[bookmark: _Toc71554327]For UE in RRC IDLE or RRC INACTIVE, if the gNB is capable of SL relay operation but doesn’t provide discovery configuration for the SL carrier which is neither the serving carrier of the gNB nor configured in the SIB by the gNB, the UE shall not use pre-configuration to transmit discovery on the SL carrier.

[bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	It is sufficient for Relay UE to initiate a discovery procedure only using Model A.
Observation 2	It is sufficient for Remote UE to initiate a discovery procedure only using Model B.
Observation 3	L3 relay UE is allowed to use pre-configuration to transmit discovery in other frequencies if the serving gNB is not capable of SL relay operation.
Observation 4	Remote UE is allowed to use pre-configuration to transmit discovery in other frequencies if the serving gNB is not capable of SL relay operation.
Observation 5	In case the serving carrier is not shared with carrier for SL operation, for LTE based Prose discovery, the eNB indicates/signals in the SIB whether discovery for the concerned SL carrier is supported, and if so, whether the UE should read SIBs on the concerned SL carrier or the UE should enter RRC_CONNECTED and request detailed discovery configuration from serving cell in order to obtain the required resources.
Observation 6	In case the serving carrier is not shared with carrier for SL operation, for SL communication in Rel-16, the gNB doesn’t indicate in the SIB whether SL communication for the concerned SL carrier is supported. The UE needs to enter RRC_CONNECTED in order to obtain resources for the concerned SL carrier.  Whether SL communication for the concerned SL carrier is supported by the UE is indicated based on whether the UE can obtain resources via dedicated RRC signalling after the UE has entered RRC_CONNECTED.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 confirms the following UE behaviors
a.	Relay UE initiates a discovery only using Model A.
b.	Remote UE initiates a discovery only using Model B.
Proposal 2	A remote UE is allowed to monitor discovery announcement messages (from other relay UEs) while already performing a discovery procedure using Model B. Similarly, a relay UE is allowed to monitor discovery solicitation messages (from other remote UEs) while the relay UE has transmitted a discovery announcement using Model A.
Proposal 3	Separated resource pool for discovery transmission/reception is not supported in Rel-17.
Proposal 4	For Remote UE supporting L2 UE-to-Network Relay which is out of coverage and connected to a gNB indirectly, the remote UE transmits discovery message based on a configuration provided by the gNB (e.g., via SIB or via dedicated signaling).
Proposal 5	Transmission power of discovery message is handled same as R16 SL data transmission i.e. transmit power subject to OLPC (Open Loop Power Control).
Proposal 6	For Relay UE and remote UE (IC) in RRC CONNECTED and connected to a gNB capable of SL relay operation, if the discovery configuration via dedicated signaling is not available, UE shall not transmit discovery.
Proposal 7	For L3 Relay UE and remote UE (IC) in RRC CONNECTED and connected to a gNB not capable of SL relay operation, UE is allowed to use pre-configuration to transmit discovery in other frequencies.
Proposal 8	For UE in RRC IDLE or RRC INACTIVE, in case the gNB is capable of SL relay operation but does not provide resources for discovery message announcement in the SIB, and the serving carrier is shared with carrier for SL operation, the UE needs to enter RRC_CONNECTED in order to request resources for discovery message announcement.
Proposal 9	For UE in RRC IDLE or RRC INACTIVE, in case the gNB is capable of SL relay operation but does not provide discovery TX resource pool in the SIB on the serving carrier, and the serving carrier is not shared with carrier for SL operation, RAN2 to confirm the following scenarios same as for LTE Prose discovery to be supported:
a.	Scenario 1: the gNB doesn’t signal TX resource pool in the SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is not supported
b.	Scenario 2: the gNB doesn’t signal TX resource pool in the SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is supported, so UE needs to read SIB on the SL carrier for obtaining discovery configuration for the SL carrier
c.	Scenario 3: the gNB doesn’t signal TX resource pool in the SIB for the SL carrier, also indicates/signals that discovery for the SL carrier is supported, so UE needs to needs to enter RRC CONNECTED to obtain dedicated configuration in the serving carrier for obtaining discovery configuration for the SL carrier.
Proposal 10	For UE in RRC IDLE or RRC INACTIVE, in case the gNB is capable of SL relay operation but does not provide discovery TX resource pool in the SIB on the serving carrier, and the serving carrier is not shared with carrier for SL operation, RAN2 chooses LTE Prose discovery signaling alternative, i.e., the gNB indicates/signals in the SIB whether discovery for the concerned SL carrier is supported, and if so, whether the UE should read SIBs on the concerned SL carrier or the UE should enter RRC_CONNECTED and request detailed discovery configuration from serving cell in order to obtain the required resources.
Proposal 11	For UE in RRC IDLE or RRC INACTIVE, if the gNB is not capable of SL relay operation, the UE shall not enter RRC_CONNECTED on the serving cell to request discovery configuration.
Proposal 12	For UE in RRC IDLE or RRC INACTIVE, if the gNB is capable of SL relay operation but doesn’t provide discovery configuration for the SL carrier which is neither the serving carrier of the gNB nor configured in the SIB by the gNB, the UE shall not use pre-configuration to transmit discovery on the SL carrier.
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