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Within the Post114-e_605 email discussion, there is a discussion on the candidate options for Relay UE to perform paging occasion monitoring for the scenario where Relay UE is RRC CONNECTED and Remote UE is in RRC_IDLE/RRC_INACTIVE.

This paper intends to discuss the detailed solutions for this scenario.  

Analysis on the existing options
According to the email discussion, there are two candidate options on how Relay UE performs paging occasion monitoring for the scenario (i.e. Relay UE is RRC CONNECTED and Remote UE is in RRC_IDLE/RRC_INACTIVE):

- Option 1: The Relay UE monitors PO of its PC5-RRC connected Remote UE(s);

- Option 2: The Relay UE receives paging message of the Remote UE(s) through dedicated RRC message.

Analysis on Option 1
According to our understanding, in general, monitoring the PO of its PC5-RRC connected Remote UE(s) will put a big burden on Relay UE in connected mode, since it is an additional efforts for Relay UE. 

With Option 1, if we ask the Relay UE to monitor the PO during RRC_CONNECTED, BWP switching needs to perform frequently in order to allow it to switch from the active BWP to the common Search Space for paging, otherwise, all BWPs should include the common Search Space for paging, or the configuration of the Relay UE would be restricted since it would always need to be on a BWP with paging available. Hence, Option 1 may impact the network scheduling and may also impact the UE transmission and reception at its dedicated BWP and then it isn’t optimal for UE power consumption. However, Option 1 may be easy to specify.

Analysis on Option 2
In details, we can probably split the discussion of option 2 into Remote UEs in RRC_INACTIVE and Remote UEs in RRC_IDLE.

For the L2 Remote UE(s) in RRC_INACTIVE, it would be easy for the gNB to initiate a RRC signaling to notify the L2 Relay UE via RAN based paging, since the Remote UE-Relay UE association is stored locally at gNB (i.e. the context of the Relay UE is always there at the serving gNB, so there is some linkage to the related Remote UEs, even if their contexts are held at a different gNB—this implies that the I-RNTIs of the Remote UEs need to be stored as part of the Relay UE’s context).

For the L2 Remote UE(s) in RRC_IDLE, it is not obvious how the gNB serving the Relay UE would determine when a paging message needs to be sent by unicast to the Relay UE. Then there may be two alternatives here. 

Option 2-1: The gNB would need to know the 5G S-TMSI of each idle Remote UE associated to the Relay UE. Then when the gNB receives the paging message from AMF, he can know whether that is a paging message for a particular Remote UE associated to the Relay UE based on the 5G S-TMSI within the paging message. Then the gNB can use dedicated signalling to notify the Relay UE as it is connected.

Option 2-2: the core network can store the Remote UE-Relay UE association. When the core network sends the paging to reach Remote UE, the gNB can be informed that this is a paging for a particular Remote UE associated to the Relay UE and then he can use dedicated signalling to notify the Relay UE as it is connected. 

In both Option 2-1 and Option 2-2, Relay UE’s power consumption is controllable. 
  
With Option 2-1, gNB need store the 5G S-TMSI of each idle Remote UE associated to the Relay UE. This may require some 5G S-TMSI based report from Relay UE to gNB. 

With Option 2-2, AMF can store the Remote UE-Relay UE association via L2 ID. When AMF initiates Paging to reach Remote UE(s), he knows that the corresponding Relay UE is connected, then he can simply send a message (e.g. a new NG interface message) to ask the gNB to notify the Relay UE to wake up the L2 Remote UE(s). In this message, the layer-2 ID of both Relay UE and Remote UE needs to be carried in order for gNB to correctly address both Relay UE and Remote UE(s). This means the gNB needs to update the AMF when there is any Relay UE-Remote UE association established during L2 relay operation. 

As can be seen, Both Option 2-1 and Option 2-2 are power efficient solutions. However, Option 2-1 requires the gNB to store the 5G S-TMSI, it may requires the coordination with other working groups. Option 2-2 puts new requirements on the AMF and it may also involve other working groups.  
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Basically we are thinking about a combined way forward based on both Option 1 and Option 2. This means the gNB can perform paging message transmission over the paging channel according to the PO calculated by 5G-S-TMSI, following the legacy behaviour. Meanwhile, the gNB can send the paging message to the Relay UE via dedicated signalling if there is enough information stored to identify that the paging message is actually for a Remote UE connected with the Relay UE.    

Firstly, we assume that Remote UE can inform Relay UE of its paging DRX parameters (i.e. to determine PO). For example, after deriving UE_ID mode N and UE_ID/N, Remote UE may report three parameters to Relay UE, i.e.
-	T: paging cycle
-	SFN start offset: e.g. the SFN with PO happens at SFN =3, 3+T, 3+ 2T, … 3+nT
-	i_s value 

The exact calculation is referring to the following formula as specified within TS38.304: 
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

Secondly, Relay UE forwards the paging DRX parameters of Remote UE to the base station i.e. gNB. The gNB stores these parameters as the context of the Relay UE.  

When the gNB needs to send paging message, the gNB can check whether the calculated PO matches the paging DRX parameters provided by any Relay UE(s). If there is a match, the gNB can send the paging message to the Relay UE via dedicated signaling in addition to legacy paging message transmission. As a result, the Relay UE may be refrained from monitoring the paging message at the PO(s) for its Remote UEs.

In reality, the gNB cannot know the UE_ID or 5G S-TMSI of the Remote UE because multiple 5G S-TMSI values with the same UE_ID mod N and UE_ID/N could map to the same POs. Because of this, the gNB still needs to broadcast the concerned paging message on the computed POs for the benefit of any paged UEs that are camped on Uu. And this is the reason for the need to have gNB transmit duplicated paging messages between the unicast and broadcast modes. 

Similarly, the Relay UE may not be able to know the 5G-S-TMSI of the Remote UE, so it needs to transmit on PC5 any paging message that the gNB forwards to the Relay UE. We understand that SA3 conclusion was that the Relay UE may know the 5G-S-TMSI in case the Relay UE is a trusted entity. However, as discussed in the SI phase in RAN2 and SA2, there are cases in which the Relay UE is not trusted, such as the case of a relay in a public place like a coffee shop. 
This may cause redundant paging message transmission on PC5 as well as the duplication on Uu, but it can avoid unnecessary BWP switching for Relay UE to monitor paging for Remote UEs. Then we think this is a reasonable compromise way forward.  
2.1 
2.2 
Conclusion
The following proposals are made:
Proposal-1: Remote UE can inform Relay UE of its paging DRX parameters (i.e. to determine PO).
Proposal-2: Relay UE forwards the paging DRX parameters of Remote UE to the base station i.e. gNB.
Proposal-3: The gNB sends the paging message to the Relay UE via dedicated signalling in addition to legacy paging message transmission.
Proposal-4: The Relay UE (RRC connected) receives paging message of the Remote UE(s) (RRC-Inactive/RRC-IDLE) through dedicated RRC message.
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