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1
Introduction
In the last SA2#121 meeting, an incoming LS from RAN2 (S2-172906/R2-1703967) triggered the discussion about the reachability of eRM-UEs in idle mode. As a consequence, Key Issue #6 was captured in TR 23.733.
Some concerns related to the impact on the CN nodes were raised during the discussion. In this paper we would like to discuss the requirements and the implications of supporting paging for eRemote-UEs and proposes some solutions that have limited or no impact on the CN.

2
Discussion

2.2
IMSI Paging 
According to the current LTE specifications, when a UE is paged, it can be paged either using its S-TMSI or its IMSI.

Since the IMSI based paging was introduced in LTE as a recovery mechanism in case the CN ‘loses’ the UE and it forces the UE to re-attach, it makes sense to enable via eRelay-UE only the S-TMSI based paging. In the case the network has lost the UE it would not know whether to page via an eRelay-UE or which eRelay-UE to page via. Therefore only supporting paging by S-TMSI would simplify the eRelay-UE design.

The eRelay-UE needs to know the identities of the eRemote-UEs it is relaying paging for and when it receives an eRemote-UEs identity in a paging record it can then perform paging over the short range link. The eRelay UE can obtain the paging identity from eRemote-UE over side link. It is noted that the exchange of this information does not involve the CN.
If paging eRemote-UEs by IMSI is needed then when the eRelay-UE receives a paging message that contains IMSIs the on an eRemote-UEs paging occasion, the eRelay-UE can forward all the paged IMSIs to the eRemote-UEs. The eRemote-UE can determine from the relayed IMSIs whether it is being paged by IMSI and the eRelay-UE does not need to know the full IMSI of the eRemote-UE. 
This combination of the eRelay-UE only forwarding paging if the correct S-TMSI is received and forwarding all received IMSIs provides a balance between privacy of the IMSI and power consumption required to relay paging records. 
Observation 1: The eRemote-UEs paging should be based only on S-TMSI.
Observation 2: If paging by IMSIs is required then it can be supported by the eRelay-UE forwarding any paged IMSIs to the eRemote-UEs received during the eRemote-UEs PO.
2.3
Description of different options
In order for the eNB to identify the correct paging resource for a UE, several parameters are included in the S1-AP paging message including:

· (Extended) UE Identity Index value,

· Paging DRX.
RAN2 is currently discussing which paging occasions an eRelay-UE uses to receive the paging message from the eNB, see RAN2 TR 36.746. 3 options are proposed:

1) Option 1: Support of direct paging only (i.e., eRemote-UEs are paged directly by the eNB, independently of whether these were previously connected via an eRelay-UE);
2) Option 2: The eRelay-UE monitors paging occasions for itself as well as the (separate) paging occasions for its eRemote-UEs;
3) Option 3: The eRelay-UE only monitors paging occasions for itself.

For option 1), there is no change in behaviour for the network when paging an eRemote-UE. This option works without impact on the EPS (both CN and RAN). If the eRemote-UE is out of coverage of the 3GPP network then paging will fail.
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Figure 3: Example of eRM-UE direct paging (Option 1) which triggers indirect connection establishment
1)
The eRemote-UE is paged by the eRemote-UE MME.

2)
The eRemote-UE discovers the eRelay-UEs around. 

3)
The eRemote-UE triggers the eRelay-UE to perform Service Request to become CM-CONNECTED for incoming data and signalling.

4)
The eRemote-UE perform service request to connect to the network via an eRelay-UE.

For option 2), there is still no change in the behaviour for the CN and RAN when paging the eRemote UE. This option requires the eRemote-UE to report its paging parameters to the eRelay-UE. The eRelay-UE monitors paging on behalf of the eRemote-UE. The eRelay-UE has to relay the paging message to the eRemote-UE via side path (e.g. discovery message or PC5-S).
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 Figure 4: Option 2- eRemote UE links to the eRelay UE

For any time if the eRemote UE intends to link to eRelay UE, the eRemote UE performs the following steps:

1)
The eRemote UE performs discovery for the available eRelay UE around.

2)
The eRemote UE sends a Monitor Request Message (Identity Index, Paging DRX) to the eRelay UE. 

3)
Base on the local configuration (e.g. user consensus), the eRelay UE reply with a Monitor Response.

4)
The eRemote UE monitor the system information over side link. After this step, the eRemote UE consider itself is under coverage of the same cell as the eRelay UE.


Note: How to relay the system information is further defined by RAN.

5)
In case the triggering of TAU is met (e.g. eRemote UE moves out of the current TA list), the eRelay UE performs the TAU via the eRelay UE.

After the the eRemote UE linked to the eRelay UE, the eRemote UE keeps performing the measurement of the signal strength of the discovery message sent by eRelay UE (e.g. the eRelay Open Discovery or eRelay Restricted Discovery) for relay reselection.
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Figure 4: eRemote UE MME pages the eRemote UE via eRelay UE

1)
The eRemote UE is paged by the eRemote UE MME;

2)
The eRelay UE monitors the paging for the eRemote UE in the eRemote UE’s paging occasion and relay the paging message to eRemote UE.

3)
The eRemote UE requests the eRelay UE to become CM-CONNECTED for incoming data and signalling.

4) 
the eRemote UE send NAS message and data via the eRelay UE.

For option 3) where the eRelay-UE monitors owns own POs for the eRemote-UE’s identity the eRemote-UE MME needs to the details of the POs that the eRelay-UE is monitoring. To enable the eRemote-UE MME to obtain this information from the eRelay-UE’s MME the existing Identification Request / Response procedure is used.
there are slight impacts on the CN and RAN as follows:

- 
The eRemote-UE reports the GUTI of eRelay-UE to its MME in the TAU procedure. 
- 
The eRemote-UE MME use the existing Identification Request Request/Response message to obtain eRelay-UE context from the eRelay-UE MME.

- 
The eRemote-UE MME caches and updates the eRemote-UE paging parameters(e.g. eRelay-UE Paging Identity, eRelay-UE DRX parameters) to the eRelay UE’s. 

-
The eRemote UE uses the updated paging parameters.
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 Figure 4: Option 3- eRemote UE links to the eRelay UE

1)
The eRemote-UE performs the discovery to find an eRelay-UE.

2)
The eRemote-UE sends a Monitor Request Message (Identity Index) to the eRelay-UE. 

3)
Based on local configuration (e.g. user consensus), the eRelay-UE replies with a Monitor Response (GUTI).

4)
The eRemote-UE sends a TAU(indicator, GUTI of eRelay UE) to its MME so it can update its paging parameters.

5)
The eRemote-UE MME sends an Identification Request (GUTI of eRelay-UE) to the eRelay-UE MME to fetch the eRelay-UE context. 

6)
The eRelay-UE MME sends an Identification Response(IMSI, MM Context) to the eRemote-UE’s MME.

7)
The eRemote-UE MME caches the parameters relevant for paging via the eRelay-UE.
4)
The eRemote UE monitor the system information over side link. After this step, the eRemote UE consider itself is under coverage of the same cell as the eRelay UE.

To page the eRemote-UE the following procedure is performed:
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 Figure 4: Option 3- eRemote UE MME pages the eRemote UE via eRelay UEc
1)
The eRemote UE is paged by the eRemote UE MME;

2)
The eRelay UE monitors the paging for the eRemote UE in eRelay UE’s paging occasion and relay the paging message to eRemote UE.

3)
The eRemote UE requests the eRelay UE to become CM-CONNECTED for incoming data and signalling.

4) 
the eRemote UE send NAS message and data via the eRelay UE.

Observation 3: Option 3 for paging an eRemote-UE requires MME updates.

3
Conclusions and proposal
In the sourcing companies’ view the existing S1-AP paging message can support paging an eRemote-UE via an eRelay-UE so the scope of the changes required to support this operation are, depending on the solution, limited only to the UEs or extended also to MMEs.

The existing paging procedure can page a UE using either IMSI or S-TMSI. As the paging by IMSI is used in recovery situations where the MME has lost some context information. If the MME has lost the context information then it will not know which eRelay-UE should be used for paging, so paging indirectly (i.e., with IMSI) should not be supported.

Proposal 1: The above eRM-UE paging options should be captured in TR 23.733 as solutions for Key Issue 6: Idle Mode Operation.

Proposal 2: In order to limit the network impact, either Option 1 (direct paging of the eRM-UE) or Option 2 should be taken as baseline for further work. Option 3 should be discarded.

4
Proposals

This contribution proposes the following update to capture the possible solutions for eRemote-UE paging.

***** Beginning of changes *****
6.x
Solution to Key issue 6
6.x.y
Solutions for option 1 and option 2
This clause proposes solutions for idle mode operation for option 1 and option 2.

Option 1: Support of direct paging only (i.e., eRemote-UEs are paged directly by the eNB, independently of whether these were previously connected via an eRelay-UE);

Option 2: The eRelay-UE monitors paging occasions for itself as well as the (separate) paging occasions for its eRemote-UEs;

Option 3: The eRelay-UE only monitors paging occasions for itself. The eRemote UE is paging occasion is set to the eRemote UE’s paging occasion.
6.x.y.1
Solution for direct paging 
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Figure 6.x.y.1-1: direct paging
1)
The eRemote-UE is paged by the eRemote-UE MME.
2)
The eRemote-UE discovers the eRelay-UEs around. 
3)
The eRemote-UE triggers the eRelay UE to perform Service Request to become CM-CONNECTED for incoming data and signalling.
4)
The eRemote-UE perform service request to connect to the network via an eRelay-UE.
6.x.y.2
Solution for indirect paging when eRelay UE monitors different POs
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Figure 6.x.y.2-1: eRemote UE links to eRelay UE 
For any time if the eRemote UE intends to link to eRelay UE, the eRemote UE performs the following steps:
1)
The eRemote UE performs discovery for the available eRelay UE around.

2)
The eRemote UE sends a Monitor Request Message (Identity Index, Paging DRX) to the eRelay UE. 

3)
Base on the local configuration (e.g. user consensus), the eRelay UE replies with a Monitor Response.

4)
The eRemote UE monitor the system information over side link. After this step, the eRemote UE consider itself is under coverage of the same cell as the eRelay UE.

NOTE: How to relay the system information is further defined by RAN.

5)
In case the triggering of TAU is met (e.g. eRemote UE moves out of the current TA list), the eRelay UE performs the TAU via the eRelay UE.

After the eRemote UE links to the eRelay UE, the eRemote UE keeps performing the measurement of the signal strength of the discovery message sent by eRelay UE (e.g. the eRelay Open Discovery or eRelay Restricted Discovery) for relay reselection.
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Figure 6.x.y.2-1: Indirect paging via the eRelay-UE 

1)
The eRemote UE is paged by the eRemote UE MME;

2)
The eRelay UE monitors the paging for the eRemote UE in the eRemote UE’s paging occasion and relay the paging message to eRemote UE.

3)
The eRemote UE requests the eRelay UE to become CM-CONNECTED for incoming data and signalling.

4)
The eRemote-UE perform service request to connect to the network via an eRelay-UE.
***** End of changes *****
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