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1 Introduction

In [1] one of the objectives is to “Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2]”. And this objective is applied for both UE-to-network (U2N) relay and UE-to-UE(U2U) relay. In addition such study should be applied for both L2 or L3 solution.
2 Discussion

Before diving into the detail discovery procedure it is necessary to figure out the relationship between RRC states of remote UE and discovery procedure considering discovery procedure is 1st step of sidelink communication for relay operation.

If remote UE wants to discovery a relay UE most likely it wants to connect to network at that moment. After indirect RRC connection is established technically it is also possible for gNB to drive remote UE into INACTIVE state. But considering this is indirect connection via relay latency on control plane should not be a big concern for such kind of service i.e. INACTIVE state for remote UE is not so attractive. On the other hand if we keep INACTIVE state for remote UE then the state change combinations between direct connection and indirect link will become 9 cases which is very complicated. So in study phase we can assume that INACTIVE state is not considered for remote UE.

From Uu interface point of view apparently remote UE could be out of coverage. In case remote UE is in coverage then it is possible that it camps on a suitable cell i.e. it is in IDLE state. For remote UE in CONNECTED state, the intention to do discovery is enable service continuity from direct Uu connection (i.e. without relay) to indirect Uu connection (i.e. via relay). When remote UE is in INACTIVE state and it tries to turn to indirect Uu connection, remote UE can release RRC connection via resume procedure first and come back to IDLE state before doing anything related to discovery or it can abort INACTIVE state and enter IDLE state directly and then start discovery procedure. In short it seems there is no difference between IDLE and INACTIVE state from remote UE point of view.

So the state transitions of the remote UE between Uu interface and PC5 interface as well as between PC5 interfaces are summarized in the following table:

	RRC states*
	CONNECTED via PC5
	IDLE via PC5
	CONNECTED via Uu
	INACTIVE/IDLE via Uu

	CONNECTED via PC5
	Down prioritized
	Normal RRC Release
	HO from PC5 to Uu
	PC5 RLF or RRC release

	IDLE via PC5
	RRC establishment via relay
	Relay discovery/(re)selection
	Normal cell (re)selection and RRC establishment
	Normal cell cell (re)selection

	CONNECTED via Uu
	HO from Uu to PC5 and Relay discovery/(re)selection
	RLF or RRC release and Relay discovery/(re)selection
	
	

	INACTIVE/IDLE via Uu
	Relay discovery/(re)selection and normal RRC establishment
	Relay discovery/(re)selection
	
	

	OOC
	
	Relay discovery/(re)selection
	
	


Table 1 RRC states transition

Proposal 1: During study phase INACTIVE state is not considered for remote UE via PC5 interface

Proposal 2: During study phase INACTIVE state is taken as same as IDLE state for remote UE via Uu interface

Proposal 3: For relay discovery and (re)selection procedure RAN2 mainly focuses on highlighted cases in table 1
First issue to be resolved is which discovery solution should be taken for U2N relay and U2U relay. In TR [3] basically there are two kinds of discovery solutions:
Solution#1(D2D-like): Restricted direct discovery. It basically reuse model A or model B discovery procedure introduced for D2D service but with different message content.

Solution#2(V2X-like): V2X based solution for ProSe direct discovery. It basically reuse hand shake for establishment of unicast link i.e. based on DCREQ (Direct Communication Request) and DCRES (Direct Communication Response).

Here is the statistics of discovery solution adopted by solutions in [3] to address either U2N relay or U2U relay:

	Solution#
	U2N or U2U
	D2D-like
	V2X-like

	8
	U2U
	　
	Y

	9
	U2U
	　
	Y

	10
	U2U
	Y
	Y

	11
	U2U
	Y
	　

	32
	U2U
	　
	Y

	19
	U2N
	Y
	

	6
	U2N
	Y
	　

	23
	U2N
	Y
	　

	28
	U2N
	Y
	　

	30
	U2N
	Y
	　

	35
	U2N
	Y
	　


Table 1: statistics of discovery solution in [3]

From the statistics it seems very clear that D2D-like discovery solution should be taken as start point for U2N relay. For U2U relay majority solutions refer to V2X-like solution. We also intend to think D2D-like solution is a straight forward for U2N relay. The relay UE supposes to either camp on a suitable cell or it is connected to network already. So the discovery procedure is rather simple e.g. after one round of discovery procedure (either model A or model B) remote UE can decide to select a relay UE. But for U2U relay such one round discovery procedure is not sufficient because even a relay UE is selected actually both remote UE and relay UE don’t know for sure whether the intended remote UE can be reached. So more complicated scheme should be introduced. One example is 3-step discovery approach. 
· Step1: remote UE announces its attribute including who it is

· Step2: relay UE announces which remote UEs it can reach

· Step3: remote UE select a proper relay UE which it can reach intended remote UE
But based on V2X-like solution, 1 step is enough i.e. remote UE can broadcast DCREQ message. In case intended UE answers DCREQ, then direct communication is already feasible. In case intended UE answers via a relay UE, then indirect communication is feasible. If DCREQ message is service oriented then these two cases are actually not exclusive i.e. direct communication or indirect communication can be carried out simultaneously.

Proposal4: for U2N relay case, RAN2 takes D2D-like solution i.e. solution#1 in [3] as working assumption.

Proposal5: for U2U relay case, RAN2 takes V2X-like solution i.e. exchange of DCREQ and DCRES message as working assumption.
Proposal6: Send one LS to SA2 to confirm RAN2’s working assumption
Because DCREQ and DCRES message are also part of the procedure to establish PC5 link. So from modelling point of view we can also consider discovery phase is saved for U2U relay case. The discussion of the rest of the paper focuses on U2N relay case.

2nd issue is whether a specific transport channel like SL-DCH and physical channel like PSDCH is necessary just like LTE V2X? One reason for LTE to introduce discovery channel rather than reusing communication channel is because of the relative simplicity of the requirement/treatment of the discovery message. In user plane no sub-header of PDCP, RLC and MAC layer is needed and the message is transmitted as broadcast message without any feedback. Another reason is because the application area of discovery is focusing on commercial use case for D2D from beginning while D2D communication is mainly used for public safety and later one V2X area. Now for NR sidelink, the discovery procedure is mainly used for sidelink relay which can be deployed for public safety, V2X and commercial use cases. And technically the discovery message is very similar to PC5-S signalling Direct Communication Request message which can be transmitted via either broadcast or unicast mode without any AS layer security protection. So if RAN2 can agree to reuse SL SRB0 to carry discovery message for either model A or model B, then there is no standardization work in user plan while the work in control plane will be minimized. If this approach can be agreed then technically discovery message can’t be differentiated from DCR in AS layer, therefore V2X layer should introduce new message type for discovery message which will be anyway specified. One more point is that the objective of SI [1] already assume that “to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal”. In addition SA2 seems also intend to suggest to transmit discovery message over communication channel i.e. PSSCH.
Proposal7: To carry discovery message in both model A and model B over SL SRB. And it is FFS whether a new SL SRB should be introduced or not.
During discovery phase it is possible for relay UE either in IDLE/INACTIVE state or RRC_CONNECTED state. So the resource allocation mode could be either mode 1 or mode 2. While resource allocation mode for remote UE should be mode2 when it is out of coverage. When it is in coverage remote UE will not try to search relay UE unless the signal strength is rather bad e.g. lower than one threshold. So it seems not reasonable for network to schedule radio resource for remote UE, otherwise discovery procedure can be actually skipped. But if remote UE is CONNECTED state then gNB may trigger remote UE to start discovery procedure a bit earlier hence it would be also reasonable to allow mode 1 operation for remote UE.
Proposal8: Relay and remote UE can transmit discovery message with either mode 1 or mode2 

In model A relay UE need transmit discovery message without receiving any solicitation message from remote UE. Once relay UE is triggered by upper layer to announce discovery message, the question is how frequently the message should be transmitted. The periodicity will become tradeoff between discovery performance and power consumption of relay UE. If relay UE transmit discovery message with mode 1, then periodical configured grant could be applied here and periodicity is up to network’s implementation. In case of mode 2 the periodicity can match resource allocation interval which has same value range as periodicity of configured grant.  
Proposal9: Discovery message in model A is transmitted periodically.

Proposal10: The periodicity to transmit discovery message in model A is matched by the resource periodicity of either configured grant for mode 1 or resource interval for mode 2
In current specification there is no difference among SL SRBs in terms of radio resource i.e. any SL SRB can be transmitted in any resource pool. Since the purpose is rather different compared to DCR one issue is whether separate resource pool is needed for discovery message? The main issue is that most likely the periodicity for transmission of discovery message is longer than sidelink communication. For L2 solution relay UE will also forward system information and paging information. The value range of paging cycle and system information periodicity is as following:

PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}
si-Periodicity                      ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
So if the periodicity of discovery message is comparable with either paging cycle or SI periodicity, then relay UE can consume less power and achieve similar performance as paging or SI reception from remote UE point of view. So it would be helpful that a separate resource pool is configured for transmission of discovery message. As for the detail value range it could be left for FFS after RAN2 agreed such proposal. Another benefit is that separate resource pool for discovery message could help UE to reduce measurement on message via SRB.
Proposal11: A separate resource pool is needed for transmission of discovery message.
Proposal11a: new Value range for period to transmit discovery message is FFS
In LTE V2X there is AS condition for relay UE to transmit discovery message. The condition could be summarized as following:
· If relay UE camps on a suitable cell and the signal quality of serving cell is between a pair of predefined threshold or

· If relay UE is connected and configured with relevant radio resource
The AS condition for relay UE to do sidelink communication for relay operation is basically the same as the 2nd bullet above. The detail radio resource configuration is different because of different transport/physical channel configuration in LTE V2X.

For NR if relay UE is in CONNECTED state already and it is configured with sidelink communication configuration then both discovery message and normal sidelink communication can be transmitted for relay operation. If a remote UE selects a relay UE which is in IDLE/INACTIVE state and wants to establish RRC connection with network via relay, relay should establish/resume RRC connection with network. Normally the establishment of Uu connection is triggered by the 1st message from remote UE i.e. DCREQ (Direct Communication Request). After relay UE has established/resumed RRC connection in Uu interface, relay UE will answer this message and try to establish PC5 link. It means relay UE is allowed to transmit communication only in RRC_CONNECTED state which is also LTE solution.

Relay UE should be allowed to transmit discovery message in IDLE/INACTIVE state. Except for suitability, the serving supposes to provide sidelink communication configuration and relevant parameter for discovery e.g. threshold to judge the signal quality of serving cell. As for the signal quality the logic is the same i.e. LTE principle can be reused. 
Proposal 12: In IDLE/INACTIVE state, relay UE is allowed to transmit discovery message in coverage of sidelink communication frequency 
Proposal 13: In IDLE/INACTIVE state, relay UE is allowed to transmit discovery message if the signal quality e.g. RSRP is between a pair of predefined threshold. 

Proposal 14: Relay UE is allowed to transmit discovery message or sidelink communication for relay operation when it is CONNECTED state and configured with sidelink communication configuration.
In LTE V2X the AS condition for remote UE for discovery transmission and sidelink communication transmission are separated in detail due to different radio resource configuration. But actually the spirit is quite same. For NR sidelink these two AS condition can be naturally combined together because they can be transmitted in the same way in the sense radio resource configuration is shared. When remote UE is out of coverage, then the only way for UE to transmit in sidelink is that UE is preconfigured with sidelink communication configuration. When remote UE is in coverage it will transmit in sidelink only if serving cell’s quality is not good enough e.g. lower then a predefined threshold. When remote UE is connected state the intention for UE to transmit in sidelink is because remote UE wants to switch from Uu interface to PC5 interface. In this case UE will not transmit until it is told by network. 
Proposal15: In case of OOC, remote UE is allowed to transmit in sidelink for both discovery message and other normal communication transmission when it is preconfigured with configured with sidelink communication configuration
Proposal16: In IDLE state, remote UE is allowed to transmit in sidelink for both discovery message and other normal communication transmission when it is configured with configured with sidelink communication configuration and serving cell’s quality is lower than predefined threshold
Proposal17: In CONNECTED state, remote UE will be indicated by network whether it is allowed to transmit in sdilnk for discovery message and other normal communication transmission
3 Conclusion 

Proposal 1: During study phase INACTIVE state is not covered for remote UE via PC5 interface

Proposal 2: During study phase INACTIVE state is taken as same as IDLE state for remote UE via Uu interface

Proposal 3: For relay discovery and (re)selection procedure RAN2 mainly focuses on highlighted cases in table 1
Proposal4: for U2N relay case,  RAN2 takes D2D-like solution i.e. solution#1 in [3] as working assumption.

Proposal5: for U2U relay case, RAN2 takes V2X-like solution i.e. exchange of DCREQ and DCRES message as working assumption.
Proposal6: Send one LS to SA2 to confirm RAN2’s working assumption
Proposal7: To carry discovery message in both model A and model B over SL SRB. And it is FFS whether a new SL SRB should be introduced or not.
Proposal8: Relay and remote UE can transmit discovery message with either mode 1 or mode2 

Proposal9: Discovery message in model A is transmitted periodically.

Proposal10: The periodicity to transmit discovery message in model A is matched by the resource periodicity of either configured grant for mode 1 or resource interval for mode 2
Proposal11: A separate resource pool is needed for transmission of discovery message.
Proposal11a: new Value range for period to transmit discovery message is FFS
Proposal 12: In IDLE/INACTIVE state, relay UE is allowed to transmit discovery message in coverage of sidelink communication frequency 
Proposal 13: In IDLE/INACTIVE state, relay UE is allowed to transmit discovery message if the signal quality e.g. RSRP is between a pair of predefined threshold. 
Proposal 14: Relay UE is allowed to transmit discovery message or sidelink communication for relay operation when it is CONNECTED state and configured with sidelink communication configuration.
Proposal15: In case of OOC, remote UE is allowed to transmit in sidelink for both discovery message and other normal communication transmission when it is preconfigured with configured with sidelink communication configuration
Proposal16: In IDLE state, remote UE is allowed to transmit in sidelink for both discovery message and other normal communication transmission when it is configured with configured with sidelink communication configuration and serving cell’s quality is lower than predefined threshold
Proposal17: In CONNECTED state, remote UE will be indicated by network whether it is allowed to transmit in sdilnk for discovery message and other normal communication transmission
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