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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This paper is to discuss on control plane aspects for L2 relay.
SI Acquisition
For SI forwarding from relay UE to remote UE, all the three cast types are captured in 38.836 as follows:
Relay UE can forward the system information to Remote UE via broadcast, groupcast, or dedicated PC5-RRC signalling. The detailed mechanisms of broadcast, groupcast and PC5-RRC signalling design and what system information can be relayed to Remote UEs can be discussed in WI phase.
Since that SI is helpful for the remote UE to decide which relay UE to camp on, i.e., as input for remote UE to establish unicast connection with a relay UE, the broadcast manner is necessary anyway. From that perspective, broadcast can be seen as a baseline. 
[bookmark: _Toc68596801]Relay UE forwards the system information to remote UE via broadcast manner as baseline.
Then stack-wise, if carrying SI in broadcast manner over PC5 hop, the only left issue is: unless one use dedicated PHY resource to carry that (similar to DL-SCH based BCCH), one has to rely on RLC UM (instead of TM) to support segmentation, and non-transparent mode at MAC to support multiplexing. 
After some further consideration on the multiplexing with other traffic solution, only broadcast-based traffic (discovery message, DCR...) can be multiplexed with, which are mainly PC5-S signalling. Whether the traffic from RRC and PC5-S can be multiplexed need further discussion.


Therefore, it may be more feasible that the forwarded BCCH can get dedicated resources to avoid multiplexing with other broadcast-based traffic. 
[bookmark: _Toc68191403]Dedicated resources are needed for forwarded BCCH to avoid multiplexing with other broadcast-based traffic.
The following two solutions can both achieve the difference between forwarded SI and other broadcast-based traffic:
· Rely on separate L2 ID
· Rely on separate resource pool
For the resource pool solution, resource fragmentation is inevitable. Besides, the L2 ID needs to be filled anyway, therefore how to fill the L2 ID in this resource pool solution should be discussed.
[bookmark: _Toc68596802]Define dedicated L2 ID for the forwarded SI.
Furthermore, RAN2 has made the following agreements in RAN2#113-e: 
	Agreements:
Proposal 1.2 RAN2 confirm that on demand SI request is supported via a relay UE for OOC remote UE.  No update to the TR is required, 

Proposal 1.5: DedicatedSIBRequest procedure is re-used for the remote UE in RRC_CONNECTED to request SI via the relay UE. 

Proposal 1.6: For remote UE in RRC_IDLE/INACTIVE, how on-demand SI procedure differs from legacy can be left to normative work. 

Proposal 1.3: A remote UE (IC or OOC) can request/receive SI via the relay UE when PC5-RRC connected to a remote UE.  Reception via Uu for IC remote UE can be discussed in WI.


[bookmark: _Ref60924887]There are two left issues on SI acquisition:
· Whether the IC remote UE receives SI directly from the NW in case that it can already request/receive SI via the relay UE.
· The on-demand SI procedures for the remote UE in RRC_IDLE/INACTIVE.
For the first issue, 
· From the relay UE perspective, it does not know whether the remote is IC or OOC, which means the relay UE will always deliver the essential SI(s) for the remote UE. In this case, a common solution for both IC and OOC remote UE is reasonable. 
· Besides, from a power-saving perspective, it will cause more power consumption for a remote UE which can already acquire the SI from the relay to monitoring Uu SI broadcasting will.
[bookmark: _Toc68596803]For L2 U2N Relay, RAN2 confirms remote UE acquires SI only via the relay UE.
The key point of the second issue is that whether the relay UE is supposed to be aware of which SIBs are requested by the remote UE.
For the option that relay UE should be aware of the SIB requested by the remote, the argument is that the relay can determine the exact SI-window to be monitored. There are two solutions to let the relay know the requested SIB(s) from the remote UE:
· Via additional PC5 signalling.
· Via decoding the RRCSystemInfoRequest message
If the relay UE is not aware of the SIB(s) requested by the remote UE, the SIBs which are mandatory for a relay UE to be forwarded need to be specified, i.e. define some SIBs that the relay should keep monitoring, and the relay UE forwards the received SI directly to the remote UE.
The pros and cons for each solution can be summarized as follows:
	Options 
	Solutions
	Pros 
	Cons 

	Relay being aware of the requested SI by remote UE
	Via additional PC5 signalling
	relay can determine the exact SI-window to be monitored
	Additional signalling design

	
	Via decoding the RRCSystemInfoRequest message
	relay can determine the exact SI-window to be monitored
	Relay has to read the RRCSystemInfoRequest signalling content

	Relay not being aware of the requested SI by remote UE
	specify the SIBs which are mandatory for a relay UE to be forwarded
	Easy solution
Can achieve the functionality 
	May be not very flexible



[bookmark: _Toc68191404]It is not necessary for the relay UE to be aware of the SIB(s) requested by remote to achieve the SI forwarding functionality.
[bookmark: _Toc68596804]Define a set of SIBs which are mandatory for a relay UE to be forwarded.
Paging
It was concluded in 38.836 that the Relay UE monitors the Remote UE's Paging Occasion(s) in addition to its own Paging Occasion(s), which brings a further issue: how can the relay UE know the PO of the remote UE. 
In 38.304 the formulae to determine PO for paging are as follows:
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
    (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
    i_s = floor (UE_ID/N) mod Ns
The parameters in the above formulae can be default, cell specific (parameters derived from system information) or UE specific (obtain from RRC signalling or upper layer). 
[bookmark: _Toc68191405]The parameters used to calculate PO can be default, cell specific or UE specific.
The further issue is who is responsible for calculating the PO of remote UE.
If remote UE do the calculation: 
· The remote UE have to ensure that it has acquired the valid essential system information to calculate the PO. 
· The remote UE tells relay UE it’s PO directly.
· The relay UE monitors the PO indicated by the remote and forwards the paging message(s) transparently to the remote UE. 
If relay UE do the calculation:
· The relay UE should obtain the UE specific parameters of remote (UE specific DRX cycle, UE_ID/5G-S-TMSI) to derive the PO.
· If remote only shares its UE_ID (5G-S-TMSI mod 1024) with the relay UE, the relay UE can only derive the PO but cannot filter the paging message for remote UE.
· If remote UE shares its 5G-S-TMSI with relay UE, the relay UE can filter the paging message for remote UE but may have some security issue.
For these two options (whether remote or relay UE do the calculation), relay UE do option is better, it is more flexible since the relay UE can calculate the PO by itself instead of relying remote UE totally. For example, when remote and relay UE move together into another cell, the relay UE can calculate the PO by itself instead of requiring another round of PC5 signalling exchange (if relying remote UE to calculate PO).
[bookmark: _Toc68596805]Remote UE shares with Relay UE on UE_ID (5G-S-TMSI mod 1024) and DRX cycle, and Relay UE calculates the PO/PF of remote UE for paging forwarding.
Access Control
According to 38.836, the Relay UE may provide UAC parameters to Remote UE. The access control check is performed at Remote UE using the parameters of the cell it intends to access. The UE-to-Network Relay UE does not perform access control check for the Remote UE's data.
[bookmark: _Toc68191406]The legacy access control mechanism can be applied to remote UE.
For the relay UE, if it has not started in RRC_CONNECTED, it would need to do its own connection establishment upon reception of a message on the default L2 configuration on PC5 without performing access control check for relaying remote UE’s data. 
[bookmark: _Toc68191407]Relay UE will establish RRC connection without access control for relaying remote UE’s data.
The procedure to establish an RRC connection is as follows:


             
When transmitting the RRCSetupRequest message, the relay UE needs to set the parameter establishmentCause to provide the establishment cause for the gNB to determine whether accept or reject the RRCSetupRequest. In the current specification, there is no establishmentCause setting mechanism for relay service. The candidate solutions are as follows:
· Define a specific establishmentCause value for relay service, i.e. relay.
· Use the same establishmentCause value with the remote UE.
For these two options, the first one is more reasonable since the relay service is an independent service although the data carried in the relay path is the same as the data from the remote UE.
Then the next issue is whether rely on upper layer to decide the establishmentCause value or not. The legacy procedure is set the establishmentCause in accordance with the information received from upper layers since UE will initiate this procedure when upper layers request establishment of an RRC connection, i.e. upper layer triggered.
However, for the relay UE, it may initiate this procedure upon reception of a message (whether first RRC message or a trigger message) on PC5 from remote UE, i.e. AS layer triggered. In this case, establishmentCause can be set by AS layer directly.
Comparing the two, an AS layer-defined establishment cause is more straightforward.
[bookmark: _Toc68596806]Define a specific establishmentCause value for relay service.
Conclusion
We have the following observations:
Observation 1	Dedicated resources are needed for forwarded BCCH to avoid multiplexing with other broadcast-based traffic.
Observation 2	It is not necessary for the relay UE to be aware of the SIB(s) requested by remote to achieve the SI forwarding functionality.
Observation 3	The parameters used to calculate PO can be default, cell specific or UE specific.
Observation 4	The legacy access control mechanism can be applied to remote UE.
Observation 5	Relay UE will establish RRC connection without access control for relaying remote UE’s data.

We have the following proposals:
Proposal 1	Relay UE forwards the system information to remote UE via broadcast manner as baseline.
Proposal 2	Define dedicated L2 ID for the forwarded SI.
Proposal 3	For L2 U2N Relay, RAN2 confirms remote UE acquires SI only via the relay UE.
Proposal 4	Define a set of SIBs which are mandatory for a relay UE to be forwarded.
Proposal 5	Remote UE shares with Relay UE on UE_ID (5G-S-TMSI mod 1024) and DRX cycle, and Relay UE calculates the PO/PF of remote UE for paging forwarding.
Proposal 6	Define a specific establishmentCause value for relay service.
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