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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. The related WID objectives are summarized below.

The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives on aspects common to both L2 and L3:

1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]

a. Re-use LTE relay discovery and (re)selection as baseline
NOTE 1: RAN requests RAN2 to strive for completion of the common parts (objective 1) by RAN#92 (June). RAN understands that RAN2 will also initially work on other aspects that have cross-group dependencies. 

RAN2 made good progress in RAN2#113b-e [2]. In this contribution, we discuss remaining issues on U2N relay discovery for L2 and L3 U2N relay, including the following aspects:
· Discovery resource pool

· Remaining AS aspects of discovery transmission

· Transmit power of discovery 

· PHY enhancement for discovery

· Logical channel priority

· Contents of discovery message

· Discovery configuration

· Discovery gap
2 Discussion  
2.1 Discovery resource pool
In TR 38.836 [3], both separate resource pool and shared resource pool are captured to transmit discovery message:
Section 4.2 of TR 38.836
Resource pool to transmit discovery message can be either shared with or separated from resource pool for data transmission. 

Then in RAN2#113b-e [2], it was agreed that shared pool was baseline for discovery message transmission/reception because it can reuse resource pool design of Rel-16 NR V2X. However, it is still not clear whether separate pool can also be supported.

Proposal 1
[Easy][19/23] Shared resource pool shall be the baseline for discovery message transmission/reception.

As discussed extensively in SI phase, shared pool and separate pool have their pros and cons in different aspects, which can be summarized in Table. 1.  
	
	Separate resource pool
	Shared resource pool

	Resource utilization efficiency
	· Less resource efficient  

· But the issue should not be significant because the resources for discovery should be quite small compared with PC5 communication
	· More resource efficient
· But the cost is that PHY mechanism may be required to avoid collision between discovery and communication, and filter discovery message in PHY 

	UE power saving
	· More power saving

· RX UE can reduce monitoring because separate pool implicitly differentiates discovery message
	· Less power saving

· Enhancement to differentiate in PHY (e.g. new SCI or reserved slot) is required if intended to improve power saving   

	Power control
	· Better power control
· Separate power saving schemes for communication and discovery (e.g. discovery can use max power while PC5 comm. is power controlled)
	· Not flexible than separate pool
· It is not likely to be enhanced because power control scheme can’t be performed per message in same resource pool   

	Measurement for relay (re)selection
	· It is easier for Remote UE to filter discovery for PC5 RSRP measurement because separate pool implicitly differentiates discovery message
	· Enhancement to differentiate in PHY (e.g. new SCI or special destination L2 ID) is required to be introduced for PC5 RSRP measurement 

	RAN1 impact
	· No RAN1 impact expected for baseline design
	· No RAN1 impact expected for baseline design

· Potential impact to introduce differentiation solution in PHY for power/measurement enhancement 

	Differentiation between unlicensed and licensed bands
	· Born to support “operator managed” and “non-operator managed” 
	· Enhancement required


Table. 1 Pros and cons comparison between separate and shared resource pool
As we can see from Table 1, separate resource pool has benefits on UE power saving, dedicated power control, RSRP measurement and allow flexibility to support “operator managed” and “non-operator managed” over shared pool.
Observation 1: Shared pool and separate pool are not mutual-exclusive. Compared with shared pool, separate resource pool has benefits on UE power saving, dedicated power control, RSRP measurement and allow flexibility to support “operator managed” and “non-operator managed”
In our view, shared pool and separate pool are not mutual-exclusive but provide a more flexible/ complementary way of discovery transmission for Network vendor and operators. Thus, we think it makes more sense to also support separate pool from specification perspective and leave the flexibility of which one to use to the Network. Furthermore, we don’t think any PHY enhancement is required for separate pool. Resource pool configuration is same as Rel-16. And the only spec impact is to introduce a new IE to indicate which resource pool IDs can only be used for discovery. We think it is a small signaling change.
Proposal 1: To provide more flexible / complementary way of discovery transmission, support separate discovery pool with the assumption that PHY layer parameters and design will reuse the R16 legacy resource pool design 
Then a followed question is whether one UE can be (pre)configured with both shared pool and separate pool simultaneously. We think it may work, but it will introduce more issues, e.g. priority rule of resource pool type (re)selection. And its benefit is not clear. Thus, to make it simple, we prefer that the UE can be (pre)configured to perform discovery only in one type of resource pool.  
Proposal 2: The UE is (pre)configured to perform discovery in either shared pool or separate pool (i.e. not in both simultaneously)
2.2 Remaining AS aspects of discovery transmission
2.2.1 Transmit power of discovery message
In offline#609 of RAN2#113b-e [4], it was discussed which below alternatives for transmit power of discovery:

· Alt-1: Fixed transmit power (same as LTE discovery [10]) 
· Alt-2: Subject to Open-Loop Power Control (OLPC) of Rel-16 NR sidelink

It was not concluded due to lack of time. As captured in summary report of offline#609 [4], majority view is Alt-2 (i.e. reuse Rel-16 OLPC):
Proposal 10
[Low priority]: Transmission power of discovery message is handled same as R16 SL data transmission.
Although it is different from LTE baseline, we share the same view as majority. The sidelink power control formular is captured in Section 16.2.1 of TS 38.213 [5]:

From Section 16.2.1 of TS 38.213 [5]:

A UE determines a power [image: image2.png]Posscrp.c (i)



 for a PSSCH transmission on a resource pool in symbols where a corresponding PSCCH is not transmitted in PSCCH-PSSCH transmission occasion [image: image4.png]


 as:
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where
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 is defined in [8-1, TS 38.101-1]

-
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 is determined by a value of sl-MaxTxPower-r16 based on a priority level of the PSSCH transmission and a CBR range that includes a CBR measured in slot [image: image12.png]


 [6, TS 38.214]; if sl-MaxTransPower-r16 is not provided, then [image: image14.png]
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As showed above, CBR part ([image: image22.png]Pyavcan)



 is needed to avoid congestion and downlink pathloss ([image: image24.png]Pesscr o)



) is needed to control SL interference to gNB. Furthermore, although discovery is important, even higher priority PSSCH (e.g. SL-SRB0) is also subject to OLPC. Therefore, Rel-16 sidelink OLPC should be applied to discovery message. 
Observation 2: For both shared and separate pool, Rel-16 sidelink OLPC should be applied to avoid interference to the gNB by considering the DL pathloss and congestion by considering the CBR
Observation 3: Although discovery is important, higher priority PSSCH in Rel-16 (e.g. SL-SRB0) is also subject to OLPC
However, please note below difference between shared pool and separate pool: 

· Shared pool: The UE can only apply OLPC because UE’s PHY doesn’t know it is discovery message.
· Separate pool: Because PHY can know it is discovery implicitly via resource pool type, fixed transmission power can be achieved via special OLPC configuration (e.g. as highlighted above: neither sl-MaxTransPower-r16, dl-P0-PSSCH-PSCCH-r16 nor sl-P0-PSSCH-PSCCH-r16 are configured)
Observation 4: For separate pool, fixed transmission power can be achieved via special OLPC configuration (i.e. neither sl-MaxTransPower-r16, dl-P0-PSSCH-PSCCH-r16 nor sl-P0-PSSCH-PSCCH-r16 are configured)
Therefore, if operator would like to mimic LTE discovery with fixed transmit power, it can use separate pool with special configuration. We think it makes sense to leave this flexibility to the Network.

Proposal 3: Rel-16 sidelink OLPC is applied to discovery message. Fixed transmit power like LTE discovery can be achieved via spec transparent mechanism for separate pool (i.e. special OLPC config for discovery pool)
Meanwhile, during RAN2#113b-e [2], there were some proposals to include transmit power in discovery message for discovery measurement [6]. However, we don’t think it makes sense due to below reasons:

1) PC5 RSRP can well reflect the reception radio strength of relay. How to use transmit power is questioned.

2) If including time-variant transmit power in discovery, it will cause frequent NAS-AS interactions under Rel-16 OLPC. It will significantly degrade performance of discovery. 
3) Fixed transmit power via spec transparent mechanism in separate pool can be used instead (if necessary)

Thus, we propose:

Proposal 4: Do not include transmit power in discovery message. If transmit power value needs to be known in some scenario, fixed transmit power via spec transparent mechanism with separate pool can be used instead.
2.2.2 PHY enhancement for discovery 
In TR 38.836 [3], a new (dedicated) LCID is introduced to differentiate discovery message from PC5 communication message in MAC:
Resource pool to transmit discovery message can be either shared with or separated from resource pool for data transmission. 

-
For both shared resource pool and separated resource pool, a new LCID is introduced for discovery message, i.e., discovery message is carried by a new SL SRB. 

-
Within separated resource pool, discovery messages are treated equally with each other during the LCP procedure.
Meanwhile, for UE power saving consideration, some companies were still proposing to introduce PHY solution (e.g. indication in SCI, dedicated destination ID) as another AS differentiation solution. 
We don’t think these PHY solutions are needed:

· Solution of introducing indication in SCI: it obviously has RAN1 impact, but sidelink relay WI has no RAN1 TU allocated.

· Solution of dedicated destination ID: it will have impact on legacy PC5 groupcast and will make the system less flexible. Specifically, for group discovery, we could use the L2 ID as the identifier for the group, and the UE could perform filtering of Discovery message for that. But if we agree to use the solution of special L2 ID, it will make this approach not workable. 
Because this is the first release of sidelink relay, we prefer to focus on baseline solution. From this perspective, we think it is sufficient to identify discovery message via the dedicated LCID in MAC.
Proposal 5: Because discovery message can be identified via LCID in MAC and lack of RAN1 TU, not introduce PHY solution to differentiate discovery message for both shared and separate resource pool.
Furthermore, some companies [6] proposed some enhancements on RAN1 aspects (e.g. resource reselection) for either separate poor or shared pool. However, as we analyzed in table 1, we think Rel-16 V2X PHY design can work for discovery transmission. And the proposals in [7] can be regarded as optimization. Again, we think the first release of sidelink relay should focus on basic functionality, instead of performance optimization. Thus, we propose to confirm that no enhancements on RAN1 aspects are required in this release for both shared and separate resource pool.  
Proposal 6: Reuse Rel-16 V2X PHY for discovery transmission, i.e. enhancements on RAN1 aspects of discovery (e.g. resource reselection) are not pursued for both shared and separate resource pool in this release.
In summary report of discovery AI [6], there was one proposal with majority view to reuse Rel-16 NR V2X mode1/2 resource allocation for discovery, but not agreed online:

Proposal 11: [Easy] Mode 1/Mode 2 resource allocation and resource (re-)selection mechanism from R16 sidelink is reused for discovery transmission.
We share the majority view to reuse Rel-16 Mode 1/Mode 2 resource allocation for discovery transmission. However, one exception is that Mode 1 is not feasible for remote UE which is indirectly connected to gNB because Uu DCI 3-0 can’t be indicated to the remote UE. 
Observation 5: Mode 1 resource allocation is not feasible for remote UE which is indirectly connected to gNB because Uu DCI 3-0 can’t be indicated to the remote UE. 

Proposal 7: Mode 1/Mode 2 resource allocation in Rel-16 NR V2X is reused for discovery transmission with exception that only Mode 2 can be used for remote UE indirectly connected to gNB
2.2.3 Logical channel priority

Another issue is whether the logical channel priority of discovery message is fixed in spec or configurable. We think configurable priority makes more sense: 

· Help separate the radio resources management for discovery, existing SL SRB (PC5-S and/or PC5-RRC), and other communication traffic.
· SA2 study addressed general discovery support and relay discovery is one specific case of it [8]. It doesn’t make sense to have fixed logical channel priority for various discovery messages.
Observation 6: Configurable logical channel priority of discovery message can help separate the radio resources management for discovery, existing SL SRB (PC5-S and/or PC5-RRC), and other PC5 communication message. And it doesn’t make sense to have fixed priority for various discovery messages (besides relay discovery).
Thus, we propose to support it and it should be applied for both shared and separate pool.
Proposal 8: Logical channel priority of discovery message (corresponding to discovery LCID) is configurable for both shared and separate resource pool 
2.3 Contents of discovery message
During RAN2#113b-e [2], it was discussed whether to include PLMN ID, serving cell ID and L2/L3 relay support in discovery message. The conclusion is copied below:
Agreements:

Proposal 2-1 [easy]: For L3 relay, the use of PLMN ID and cell ID in relay (re)selection is up to SA2

Proposal 2-2 [easy]: For L2 relay, PLMN ID supported as additional AS criteria for relay (re)selection.  Whether cell ID is used can be further discussed by RAN2.

Therefore, the remaining issue is serving cell ID in L2 relay and L2/L3 relay support. We discuss the former in our companion contribution on L2 control plane procedure [9]. For the later, we think SA2 is considering remote UE can use relay service code in discovery message to know L2 and/or L3 relay support, i.e. an implicit indication via relay service code. Then, we think it can also be left to SA2 similar to L3 relay.  
Proposal 9: It is up to SA2 to decide whether to include L2/L3 relay support in discovery message
2.4 Discovery configuration 
The following agreements and FFS on discovery configuration were agreed in RAN2#113b-e [2]:

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 8
[Easy][22/23]: L2 relay UE will always use the discovery configuration provided by gNB (either via SIB or dedicated signalling).

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.
We would like to discuss the FFS one by one. Firstly, for WA of Proposal 7 on L3 relay UE, we think it is majority view and aligned with SI conclusion. We don’t see any reason to revert SI conclusion. Thus, we propose:

Proposal 10: Confirm 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.
Then, for the FFS of Proposal 9, we think the only controversial part is the OOC remote UE indirectly connected to gNB in L2 relay. Although it is technically feasible for gNB to provide configuration of discovery to remote OOC UE through a relay UE, we think it is a minor signalling optimization because remote OOC UE can rely on pre-configuration in this case. Its benefit over pre-configuration is not clear to us. As it is the first release of sidelink relay, we prefer to focus on basic functionalities. 
Observation 7: Although it is technically feasible for gNB to provide configuration of discovery to remote OOC UE through a relay UE, it is a minor signaling optimization because remote OOC UE can rely on pre-configuration in this case. And its benefit over pre-configuration is not clear.
Thus, we prefer to follow both LTE and NR sidelink principle to only allow pre-configuration for such OOC UE. 
Proposal 11: In L3 relay, remote UE performs discovery based on pre-configuration, only if the discovery SIB configuration is not provided by gNB. Otherwise, Remote UE uses the configuration for discovery provided by gNB. 
Proposal 12: In L2 relay:

· IC remote UE performs discovery based on pre-configuration, only if the discovery SIB configuration is not provided by gNB. Otherwise, Remote UE uses the configuration for discovery provided by gNB. 
· OOC remote UE performs discovery based on pre-configuration. 
Finally, for Proposal 9, we share the majority view to agree this proposal, which is aligned with general principle in Uu.
Proposal 13: Relay UE and remote UE (IC) in RRC CONNECTED use the configuration provided via SIB signaling if the configuration configured via dedicated signaling is not available.
In addition, in summary of 8.7.2 relay discovery [6], moderator made below proposal with FFS, but it was not discussed due to lack of time: 

Proposal 6: [Low priority] Remote UE is allowed to transmit discovery message, after relay resection is triggered (e.g. SL RLF). FFS remote UE still need to check the Uu RSRP threshold before discovery transmission
We think the part before FFS is straight forward. Then on the FFS, we think RAN2 can reuse the same mechanism as LTE Prose relay. According to Section 5.10.11.4 of TS 36.331 [10], IC remote UE can perform either relay selection or relay reselection only after satisfying Uu RSRP threshold.

[image: image25]
The same procedure can be reused for NR. Therefore, when relay reselection is triggered, OOC remote UE doesn’t need to check Uu RSRP threshold and IC remote UE should already satisfied Uu RSRP threshold, i.e. checking Uu RSRP is not required by remote UE (either IC or OOC). 
Proposal 14: After relay reselection is triggered, remote UE is allowed to transmit discovery message without checking the Uu RSRP threshold
2.5 Discovery gap
During RAN2#113b-e [6], some companies proposed to reuse discovery gap in LTE Prose relay [10]. However, it was not discussed due to lack of time. Our view is that it should be separately discussed for shared pool and separate pool:
· Shared pool: Discovery gap is not feasible because the Network can’t predict when the discovery will happen.
· Separate pool: Discovery gap is technically feasible, but we are not sure whether LTE discovery gap can be reused without spec change. Considering RAN plenary tasked RAN2 to complete discovery by June, we suggest RAN2 to discuss its necessity.
Proposal 15: RAN2 confirm that discovery gap is not feasible for shared pool because the Network can’t predict when the discovery will happen. And RAN2 is kindly suggested to discuss whether to introduce discovery gap for separate pool.
3 Conclusion
In this contribution, we discuss remaining issues of relay discovery. We have below proposals and observations:
Observation 1: Shared pool and separate pool are not mutual-exclusive. Compared with shared pool, separate resource pool has benefits on UE power saving, dedicated power control, RSRP measurement and allow flexibility to support “operator managed” and “non-operator managed”

Observation 2: For both shared and separate pool, Rel-16 sidelink OLPC should be applied to avoid interference to the gNB by considering the DL pathloss and congestion by considering the CBR
Observation 3: Although discovery is important, higher priority PSSCH in Rel-16 (e.g. SL-SRB0) is also subject to OLPC
Observation 4: For separate pool, fixed transmission power can be achieved via special OLPC configuration (i.e. neither sl-MaxTransPower-r16, dl-P0-PSSCH-PSCCH-r16 nor sl-P0-PSSCH-PSCCH-r16 are configured)
Observation 5: Mode 1 resource allocation is not feasible for remote UE which is indirectly connected to gNB because Uu DCI 3-0 can’t be indicated to the remote UE. 
Observation 6: Configurable logical channel priority of discovery message can help separate the radio resources management for discovery, existing SL SRB (PC5-S and/or PC5-RRC), and other PC5 communication message. And it doesn’t make sense to have fixed priority for various discovery messages (besides relay discovery).
Observation 7: Although it is technically feasible for gNB to provide configuration of discovery to remote OOC UE through a relay UE, it is a minor signaling optimization because remote OOC UE can rely on pre-configuration in this case. And its benefit over pre-configuration is not clear.
Based on the discussion, we have below proposals:

Discovery resource pool
Proposal 1: To provide more flexible / complementary way of discovery transmission, support separate discovery pool with the assumption that PHY layer parameters and design will reuse the R16 legacy resource pool design 

Proposal 2: The UE is (pre)configured to perform discovery in either shared pool or separate pool (i.e. not in both simultaneously)
Remaining AS aspects of discovery transmission
Proposal 3: Rel-16 sidelink OLPC is applied to discovery message. Fixed transmit power like LTE discovery can be achieved via spec transparent mechanism for separate pool (i.e. special OLPC config for discovery pool)

Proposal 4: Do not include transmit power in discovery message. If transmit power value needs to be known in some scenario, fixed transmit power via spec transparent mechanism with separate pool can be used instead.
Proposal 5: Because discovery message can be identified via LCID in MAC and lack of RAN1 TU, not introduce PHY solution to differentiate discovery message for both shared and separate resource pool.

Proposal 6: Reuse Rel-16 V2X PHY for discovery transmission, i.e. enhancements on RAN1 aspects of discovery (e.g. resource reselection) are not pursued for both shared and separate resource pool in this release.

Proposal 7: Mode 1/Mode 2 resource allocation in Rel-16 NR V2X is reused for discovery transmission with exception that only Mode 2 can be used for remote UE indirectly connected to gNB
Proposal 8: Logical channel priority of discovery message (corresponding to discovery LCID) is configurable for both shared and separate resource pool 
Contents of discovery message

Proposal 9: It is up to SA2 to decide whether to include L2/L3 relay support in discovery message
Discovery configuration
Proposal 11: In L3 relay, remote UE performs discovery based on pre-configuration, only if the discovery SIB configuration is not provided by gNB. Otherwise, Remote UE uses the configuration for discovery provided by gNB. 

Proposal 12: In L2 relay:

· IC remote UE performs discovery based on pre-configuration, only if the discovery SIB configuration is not provided by gNB. Otherwise, Remote UE uses the configuration for discovery provided by gNB. 

· OOC remote UE performs discovery based on pre-configuration. 

Proposal 13: Relay UE and remote UE (IC) in RRC CONNECTED use the configuration provided via SIB signaling if the configuration configured via dedicated signaling is not available.
Proposal 14: After relay reselection is triggered, remote UE is allowed to transmit discovery message without checking the Uu RSRP threshold
Discovery gap
Proposal 15: RAN2 confirm that discovery gap is not feasible for shared pool because the Network can’t predict when the discovery will happen. And RAN2 is kindly suggested to discuss whether to introduce discovery gap for separate pool.
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5.10.11.4	Selection and reselection of sidelink relay UE


A UE capable of sidelink remote UE operation that is configured by upper layers to search for a sidelink relay UE shall:


1>	if out of coverage on the frequency used for sidelink communication, as defined in TS 36.304 [4], clause 11.4; or


1>	if the serving frequency is used for sidelink communication and the RSRP measurement of the cell on which the UE camps (RRC_IDLE)/ the PCell (RRC_CONNECTED) is below threshHigh within remoteUE-Config :


2>	search for candidate sidelink relay UEs, in accordance with TS 36.133 [16]


2>	when evaluating the one or more detected sidelink relay UEs, apply layer 3 filtering as specified in 5.5.3.2 across measurements that concern the same ProSe Relay UE ID and using the filterCoefficient in SystemInformationBlockType19 (in coverage) or the preconfigured filterCoefficient as defined in 9.3(out of coverage), before using the SD-RSRP measurement results;


NOTE 1:	The details of the interaction with upper layers are up to UE implementation.


2>	if the UE does not have a selected sidelink relay UE:


3>	select a candidate sidelink relay UE which SD-RSRP exceeds q-RxLevMin included in either reselectionInfoIC (in coverage) or reselectionInfoOoC (out of coverage) by minHyst;


2>	else if SD-RSRP of the currently selected sidelink relay UE is below q-RxLevMin included in either reselectionInfoIC (in coverage) or reselectionInfoOoC (out of coverage); orif upper layers indicate not to use the currently selected sidelink relay: (i.e. sidelink relay UE reselection):


3>	select a candidate sidelink relay UE which SD-RSRP exceeds q-RxLevMin included in either reselectionInfoIC (in coverage) or reselectionInfoOoC (out of coverage) by minHyst;


2>	else if the UE did not detect any candidate sidelink relay UE which SD-RSRP exceeds q-RxLevMin included in either reselectionInfoIC (in coverage) or reselectionInfoOoC (out of coverage) by minHyst:


3>	consider no sidelink relay UE to be selected;












