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1
Introduction
In the last meeting, RAN2 kicked off the discussion of paging for eRemote UE. For the solution that eRemote UE is paged via eRelay UE, three options are currently on the table regarding the paging occasions that the eRelay UE needs to monitor. One post-meeting email discussion [1] has been scheduled to discuss the advantages/disadvantages of these three options as well as the option that the eRemote UE monitors the Uu directly. 

In this contribution, we would like to further discuss some paging related issues
2
Discussion
In the email discussion [1], one issue for discussion is “the relationship to facilitate MT connection establishment with eRemote UE via eRelay UE is the “linked” state or “associate” between these two UEs” For this issue, our answer is “linked”, since to transmit paging from the relay to the remote, the relay and remote UEs must already have short range communication set up, and be able to exchange data.
Observation: To enable that an eRemote UE can be paged through an eRelay UE, these two UEs should be linked.
2.1
Paging for eRemote UE in different coverage scenarios
From the above observation, we would like to revisit the coverage scenarios, i.e. Figure 4.3-1 in [2] as shown below and discuss the paging for eRemote UE in each coverage scenario.
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Figure 4.3-1: Coverage scenarios
Although it is not clearly stated in the TR, we understand that the shown connection between the eRemote UE and the eRelay UE means that the eRemote UE and eRelay UE are linked.
Scenario 1: eRemote UE is OOC and is connected to eRelay UE. In this case, the RRC_IDLE eRemote UE can only be paged via the linked eRelay UE;

Scenario 2: eRemote UE is OOC and has no connection to eRelay UE. In this case, the eRemote UE can’t be reached by the network;
Scenario 3: eRemote UE is IC and has no connection to eRelay UE. In this case, the RRC_IDLE eRemote UE can only monitor the Uu interface for its own paging messages as in the legacy protocol;

Scenario 4: eRemote UE is IC and is connected to eRelay UE. In this case, the most natural way is that the RRC_IDLE eRemote UE is paged via the linked eRelay UE. We don’t see any motivation to require the eRemote UE to receive paging from the Uu interface;
Scenario 5: eRemote UE is in the coverage of a different eNB than the eRelay UE, and it is connected to the eRelay UE. In this case, as in scenario 4, the most natural way is for the RRC_IDLE eRemote UE to be paged via the linked eRelay UE;
Scenario 6: eRemote UE is in the coverage of a different eNB than the eRelay UE, and it has no connection to the eRelay UE. In this case, the eRemote UE can only monitor the Uu interface for its own paging from its serving eNB.
So, as a summary:

1) For the RRC_IDLE eRemote UE that is OOC and has no linked eRelay UE, it can’t be reached by the network;

2) For the RRC_IDLE eRemote UE that is IC/EC and has no linked eRelay UE, it can only monitor Uu   interface for its own paging;

3) For the RRC_IDLE eRemote UE that has a linked eRelay UE, irrespective of it being OOC or IC/EC, the eRemote UE is paged via its linked eRelay UE.
1) and 2) are obvious, however, for 3) we should reach a consensus. Our consideration is that the OOC eRemote UE obviously has to be paged via the linked eRelay UE, and it would be desirable to avoid specifying two separate mechanisms.  Thus we propose RAN2 to agree that:

Proposal 1:  For the RRC_IDLE eRemote UE that has a linked eRelay UE, irrespectively of it being OOC or IC/EC, the eRemote UE is paged via its linked eRelay UE, i.e. the eRemote UE only needs to monitor the short range link for paging and the eRelay UE monitors paging on the Uu on behalf of  its linked eRemote UE(s).
If some flexibility needs to be supported, the network configuration can be considered. For example, the network can indicate an IC/EC remote UE to monitor its paging via the linked eRelay UE, or via Uu link.
2.2
Paging transmission via short range link
To relay the paging to the linked eRemote UE, the eRelay UE should first receive the eRemote UE’s paging from the Uu interface, and then transmit the paging to the eRemote UE via the short range link. Currently, three options are on the table for the PO determination of the first hop. However, it is not clear how the second hop transmission can be achieved. At least, the following three aspects should be discussed.
1) What message is used by the eRelay UE to page the eRemote UE via short range link?
2) The resource allocation for paging transmissions over short range link
3) How to determine the eRemote UE’s wake-up timing over the short range link
The last aspect is coupled with the option for PO determination over Uu. So this aspect can be discussed after the issue of PO determination has been settled. In this contribution, we would like to discuss the first two aspects, which in our understanding are decoupled with the Uu PO determination issue.
1) What message is used by the eRelay UE to page the eRemote UE via short range link?

There are two options for this aspect.
·  Option 1: An RRC message is used to convey the paging to the eRemote UE via the short range link. In this case, the protocol stack for the paging relay would appear as shown in Figures 1/2 for PC5 and for non-3GPP respectively. Depending on how the eRelay UE handles the received paging message from Uu, there could be two further sub-options.

· Option 1-1: After the eRelay UE receives a paging message on Uu, if at least one of its linked eRemote UE(s) is paged, the eRelay UE directly forwards the received paging message to the eRemote UE(s) without doing any modification to the paging message;

· Option 1-2: After the eRelay UE receives a paging message on Uu, if its linked eRemote UE(s) is paged, the eRelay UE’s RRC layer first takes the eRemote UE’s PagingRecord from this Uu paging message and then stuffs it into a new RRC message which is transmitted to eRemote UE over the short range link.

After receiving this RRC message from the eRelay UE, if the ue-identity included in this message matches the eRemote UE’s identity, then the eRemote UE forwards the ue-identity and the cn-Domain to the upper layer.
Option 1-1 would have less standard impact and reduce the complexity of the eRelay UE for processing the paging message compared with option 1-2, while option 1-2 can further reduce the overhead of the short range link. The common pros/cons of option 1 are:

Pros of option 1: 

· At eRemote UE side, no impact on the current RRC-NAS interaction model for paging delivery;
· At eRelay UE side, no need to add any interaction between RRC and ProSe protocol for paging transmission over short range link;
·  No additional burden for CT1 to define a new discovery message;

Cons of option 1:
·  Communication resource pool for sidelink paging transmission is needed;

·  In addition to monitoring the discovery resource pool, the eRemote UE needs to monitor the communication resource pool, but this is only required for sidelink paging occasions. 
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Figure 1 Radio protocol for paging relay via RRC (PC5)
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     Figure 2 Radio protocol for paging relay via RRC (non-3GPP access)
·  Option 2: Discovery message is used to convey paging to the eRemote UE via the short range link. In this case, the protocol stack for paging relay would appear as shown in Figures 3/4 for PC5 and non-3GPP access respectively. After the eRelay UE receives a paging message on Uu, if its linked eRemote UE(s) is paged, the eRelay UE’s RRC layer first needs to take the eRemote UE’s PagingRecord from this Uu paging message and then inform them to the PC5 protocol layer. The protocol layer generates a discovery message which contains the eRemote UE’s PagingRecord and is used to page the eRemote UE(s). After receiving the discovery message from the eRelay UE, if the ue-identity included in the discovery message matches the eRemote UE’s identity, then the eRemote UE’s PC5 protocol layer forwards the ue-identity and the cn-Domain to the upper layer.
Pros of option 2:

· Does not need a communication resource pool for sidelink paging transmission;

· The eRemote UE only needs to monitor the discovery resource pool.  

Cons of option 2:

· At eRemote UE side, a new inter layer interaction model for paging delivery is needed, i.e. PC5-NAS;

· At eRelay UE side, interaction between RRC and ProSe protocol for paging transmission over short range link is needed;
· There is an impact to CT1 to define a new discovery message;
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Figure 3 Radio protocol for paging relay via discovery (PC5)
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 Figure 4 Radio protocol for paging relay via discovery (non-3GPP access)

Proposal 2: RAN2 is respectfully asked to discuss the above two radio protocol options for paging relay.
2) Resource allocation for paging transmission over short range link
This aspect is only applicable for PC5. For non-3GPP access, there is no need to consider this aspect since the allocation of radio resources would use the mechanisms of the non-3GPP RAT.

If the resource for paging transmission over Uu is scheduled by the eNB, then no collision would happen. In order to not degrade the reliability of paging transmissions over PC5 compared with the paging transmissions over Uu, dedicated resources should be used to transmit the paging message over PC5. 
For the case that the eRelay UE is in RRC_Connected, the eRelay UE anyway needs to request resources for D2D transmission. For the case that the eRelay UE is in RRC_Idle, it may be a concern that requesting the eRelay UE to transit to connected state just for relaying the paging message is not worthwhile. However, after receiving the paging message, the eRemote UE is expected to setup the RRC connection via eRelay UE. This anyway will trigger the eRelay UE to transit to RRC_Connected state. So, the difference just lies at the point when the eRelay UE sets up its RRC connection, as shown below.
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Figure 5

In this sense, we prefer the procedure in Figure 5(a), considering that the eRelay UE can request a dedicated resource to transmit the paging via PC5 to the eRemote UE by using this procedure.
Proposal 3: When PC5 is used between the eRemote UE and eRelay UE, the eRelay UE should use dedicated resources to transmit the paging message to the eRemote UE over PC5.
Proposal 3a: If the eRelay UE is in RRC_Idle state, upon receiving a paging message for its linked eRemote UE, it should first transit to the RRC_Connected state and obtain the dedicated resources for paging transmission. 
3
Conclusion

In this contribution, we discuss paging for eRemote UE and have the following proposals.
Proposal 1:  For the RRC_IDLE eRemote UE that has a linked eRelay UE, irrespectively of it being OOC or IC, the eRemote UE is paged via its linked eRelay UE, i.e. the eRemote UE only needs to monitor the short range link for paging and the eRelay UE monitors paging on the Uu on behalf of  its linked eRemote UE(s).
Proposal 2: RAN2 is respectfully asked to discuss the above two radio protocol options for paging relay.
Proposal 3: When PC5 is used between the eRemote UE and eRelay UE, the eRelay UE should use dedicated resources to transmit the paging message to the eRemote UE over PC5.
Proposal 3a: If the eRelay UE is in RRC_Idle state, upon receiving a paging message for its linked eRemote UE, it should first transit to the RRC_Connected state and obtain the dedicated resources for paging transmission.
4
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