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1
Introduction
As indicated in the incoming LS S2-172906/R2-1703967, RAN2 started working on paging for eRemote-UEs and they are discussing different options. Since they asked guidance to SA2, the proponents believe that an update to Key Issue #6 is necessary. Such update is proposed in S2-173304, while S2-173303 includes a draft reply LS to RAN2.
In this paper we would like to discuss the requirements and the implications to support paging for eRemote-UEs.

2
Discussion

2.1
General
When a UE is paged by the network, the MME requests that an eNB performs paging. To enable the eNB to perform the paging for a specific UE, the MME provides the eNB in the PAGING S1-AP message, amongst other information, details about the UE identity to page, which is included in the paging message transmitted over the air and information about how to calculate the timing and paging resources used to page the UE, see TS 36.413 subclause 9.1.6. 

Observation 1: S1-AP PAGING message contains separation of information to calculate the timing and resources used for paging from the UE identity to page.
Examples of direct paging from an MME to an UE is shown in Figure 1.
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Figure 1: Examples of direct paging

To enable the paging of an eRemote-UE via an eRelay-UE, the eRelay-UE has to receive the paging message from the eNB, determine that the PagingUE-Identity in the paging message is an eRemote-UE identity that the eRelay-UE acts as a layer 2 relay for, and then forward the paging to the identified eRemote-UE. An example of this procedure is shown in Figure 2.
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Figure 2: Example of relayed paging

2.2
Paging Identity
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-TMI would simplify the eRelay-UE design.

The eRelay-UE needs to know the identities of the eRemote-UEs it is relaying paging for. How the eRelay-UE determines the S-TMSI of the eRemote-UE to relay paging for is FFS, but it is noted that this information is provided to the eNB in the RRC Connection Request message (in cleartext) when a UE enters ECM-CONNECTED.
Even if paging an eRemote-UEs by IMSI is not needed, the eRelay-UE may still need to be provided with the S1-AP Paging Identity Index (this is UE_ID used in the paging occasion calculation, i.e., IMSI mod X, see TS 36.304).
Observation 2: The eRemote-UEs paging should be based only on S-TMSI. In case of recovery, IMSI based direct paging can be used for eRemote-UEs (i.e., in this case, the eRemote-UE would be treated as a regular UE and would be paged directly by the eNB).

2.3
Paging Resource Identification
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. We do not need to discuss this option any further, apart from to note that if the eRemote-UE is out of coverage of the 3GPP network paging will fail, whereas with the other options if the eRemote-UE is out of coverage, but the eRelay-UE is in coverage, then the paging will work.
For option 2), the paging message needs to be sent to eNBs that are part of the last reported tracking area from the eRelay-UE. The paging message sent to the eNB(s) will contain the eRemote-UEs Identity Index and the eRemote-UEs Paging Identity, along with any other parameters required to calculate the correct paging resource (e.g., (e)DRX parameters). For this option the eRelay-UE has to know the same parameters the eRemote-UE and eNB would use for selecting the paging resource. Many of these parameters are set by NAS (e.g., eDRX information), therefore it is expected that some signalling is required to provide them to the eRelay-UE.
For option 3) the paging message also needs to be sent to the eNB that is part of the last reported tracking area for the eRelay-UE. The paging message parameters will be a mixture of parameters relating to the eRemote-UE (such as the paging identity) and parameters relating to the eRelay-UE so that the correct paging resources can be determined by the eNB. In order for the paging to be successful, the eRelay-UE MME and eRemote-UE MME will need to coordinate to make sure the correct parameters are used for paging.
On both option 2) and option 3) neither MME will have the complete set of parameters and knowledge of which eNBs / tracking areas to page in. In option 2) the eRemote-MME knows all the S1-AP paging parameters required, but may not know which eNBs the send the paging message to. In option 3) the eRemote-MME knows the paging identity but not the parameters for paging occasion calculation or which eNBs to send the S1-AP paging message to.

Therefore some coordination is required between the MMEs when paging an eRemote-UE via an eRelay-UE at least to determine which eNBs to send the S1-AP paging message to. Additional coordination may be required for other parameters as well.
Observation 3: Both RAN2 options 2 and option 3 for paging an eRemote-UE will require MME updates.

3
Potential Solutions

3.1
Performing Remote Paging – CN impact
When the eRemote-UE MME wishes to page the eRemote-UE it needs to determine which Tracking Area (TA) and which eNB(s) to send the S1-AP paging message to.
Below are 3 potential solutions to on how to perform the paging:

· Option A: eRemote-UE MME requests Paging Parameters from eRelay-UE MME;
· Option B: eRelay-UE MME notifies Paging Parameters from to eRemote-UE MME;
· Option C: eRemote-UE uses eRelay-UEs paging occasions.
All of the potential solutions to the paging are applicable RAN2 paging options 2 and 3. Depending upon the chosen solution in RAN2 some of the parameters which are exchanged between the MMEs may need to be modified and this is noted in each of the potential solutions.
3.1.1
Option A: eRemote-UE MME requests Paging Parameters from eRelay-UE MME

When the eRemote-UE MME wishes to page the eRemote-UE it requests parameters which relate to the eRelay-UE from the eRelay-UE MME. An overview of the procedure is shown in Figure 3.
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Figure 3: Request Paging Parameters from eRelay-UE MME

Before the eRemote-UE MME pages the eRemote-UE it requests parameters from the eRelay-UE MME. The exact parameters returned in the Paging Params message need to be studied and may depend upon RAN2 chosen option, however it is expected that at least the TA the eRelay-UE is in and which cell/eNB the eRelay-UE last used are included.
If RAN2 option 2 is being used, then the paging resource parameters passed to the eNB must match the parameters provided to the eRelay-UE.

If RAN2 option 3 is chosen, then parameters to identify the paging resource the eRelay-UE is using are also returned, and these parameters are passed to the eNB in the S1-AP paging message.
Once the eRemote-UE MME has all the relevant parameters it sends the S1-AP paging message to the eNB(s), which then perform paging over the air interface.
3.1.2
Option B: eRelay-UE MME notifies Paging Parameters to eRemote-UE MMEs
This option is similar to the Option A above, but instead of requesting the paging parameters from the eRelay-UE MME, the eRelay-UE MME proactively informs all relevant eRemote-UE MMEs when they change and the eRemote-UE MMEs cache them. The procedure is shown in Figure 4.
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Figure 4: Notification of Paging Parameters from the eRelay-UE MME
Whenever the eRelay-UE enters ECM-CONNECTED and any of the relevant paging parameters have changed then the MMEs for all the eRemote-UEs the eRelay-UE acts as a layer 2 relay for are notified of the changes.
As the Request Paging Parameters from the eRelay-UE MME procedure above which parameters are notified depends upon the RAN2 paging option.

When an eRemote-UE MME receives the notification it caches the parameters so they can be used for indirect paging.

When the eRemote-UE MME wishes to perform paging it uses the cached parameters to determine the TA and eNB(s) to send the S1-AP message to.

3.1.3
Option C: eRemote-UE uses eRelay-UEs paging occasions
In this option the eRelay-UE monitors its own paging occasions and relays paging to its linked eRemote-UEs. In addition the eRemote-UE is also provided with the details of the paging occasions that the eRelay-UEs is monitoring and when it is using Uu it monitors the eRelay-UEs paging occasions. An overview of the procedure is shown in Figure 5.

[image: image5.emf]eRemote-UE eRelay-UE eNB

eRemote-UE

MME

eRelay-UE

MME

Get Paging Params

(eRL-UE GUTI, ...)

Paging

(eRelay-UE Identity 

Index, UE Paging 

Identity, …)

Paging 

(PagingUE-Identity 

(S-TMSI))

Paging over short 

range link

Paging Params

(eRL-UE GUTI, eRL-UE 

Paging Identity, eRL-UE 

DRX Params, ...)

TAU (Type: Change Paging Parameters, eRL-UE GUTI, …)

TAU Accept (eRL-UE Paging Identity, eRL-UE DRX Params, …)

eRemote-UE linked to eRelay-UE

UE saves the provided 

paging parameters

Paging 

(PagingUE-Identity 

(S-TMSI))

eRemote-UE using Uu

DDN for eRemote-UE

Cache Parameters

UE Monitors paging 

using saved parameters


Figure 5: eRemote-UE Monitors eRelay-UEs paging occasions
The eRemote-UE performs a TAU procedure to request its eRelay-UEs paging parameters when, for example, the eRemote-UE is notified by eRelay-UE that the paging parameters have changed. The eRemote-UE MME requests the paging parameters from the eRelay-UE MME. The exact parameters returned in the Paging Params message need to be studied, however it is expected that at least the parameters required to calculate the eRelay-UE’s paging occasions are returned (ie IMSI mod 1024, DRX parameters, etc).
The eRemote-UE MME caches the eRelay-UE’s paging parameters and provides them to the eRemote-UE in the TAU accept message. When the eRemote-UE receives the paging parameters it stores them.
When the eRemote-UE MME wishes to page the eRemote-UE it uses the cached parameters to determine the eRelay-UE Identity Index and other parameters the eNB uses to calculate the paging occasion in the S1-AP paging message sent to the eNB, along with the eRemote-UEs paging identity. The eNB sends the paging message over the air interface. 
The eRemote-UE MME does not need to take into account the linked status of the eRemote-UE, the procedure to page is the same the eRemote UE is the same. Depending upon the linked status of the eRemote-UE either the eRelay-UE or the eRemote-UE will receive the paging message from the eNB over the air interface.
If the eRemote-UE is linked to the eRelay-UE then when the eRelay-UE receives the paging message for the eRemote-UE over the air interface from the eNB the eRelay-UE relays the paging over the short range link to the eRemote-UE.
If the eRemote-UE is not linked to an eRelay-UE then it monitors Uu for paging using the saved parameters provided in the TAU accept message. The eRemote-UE receives the paging message from the eNB over the air interface. 
4
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 limited to MMEs and UEs.

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) would not be possible.

Whichever RAN2 option is chosen for paging there needs to be some interaction between the eRelay-UE MME and eRemote-UE MME. Exactly how the MMEs will interact needs to be chosen and the details of the messages and contents of the messages between the MMEs needs to be defined.

In the sourcing companies’ view, the power benefits to the eRelay-UE of RAN2 option 3 are clear, coupled with the above conclusions, mean that RAN2 option 3 should be preferred.
Proposal: Select Option 3 of LS S2-172906/R2-1703967 as way forward for Remote Paging and reply accordingly to RAN2 (see Reply LS in S2-173303).
As all the RAN2 options to page an eRemote-UE require MME changes for both the eRemote-UE MME and the eRelay-UE MME, the above options for how the page an eRemote-UE should be captured in TR 23.733 as solutions for Key Issue 6: Idle Mode Operation.
Proposal: Capture the above solutions for idle mode operation in TR23.733.
5
Proposals

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

***** Beginning of changes *****
 Same content of subclause 3.1.
6.x
Solution to Key Issue 6:
6.x.y
Solution X: Performing Remote Paging – CN impact

When the eRemote-UE MME wishes to page the eRemote-UE it needs to determine which Tracking Area (TA) and which eNB(s) to send the S1-AP paging message to.

Below are 3 potential solutions to on how to perform the paging:

· Option A: eRemote-UE MME requests Paging Parameters from eRelay-UE MME;

· Option B: eRelay-UE MME notifies Paging Parameters from to eRemote-UE MME;

· Option C: eRemote-UE uses eRelay-UEs paging occasions.

All of the potential solutions to the paging are applicable RAN2 paging options 2 and 3. Depending upon the chosen solution in RAN2 some of the parameters which are exchanged between the MMEs may need to be modified and this is noted in each of the potential solutions.

6.x.y.1
Option A: eRemote-UE MME requests Paging Parameters from eRelay-UE MME

When the eRemote-UE MME wishes to page the eRemote-UE it requests parameters which relate to the eRelay-UE from the eRelay-UE MME. An overview of the procedure is shown in Figure 3.
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Figure 3: Request Paging Parameters from eRelay-UE MME

Before the eRemote-UE MME pages the eRemote-UE it requests parameters from the eRelay-UE MME. The exact parameters returned in the Paging Params message need to be studied and may depend upon RAN2 chosen option, however it is expected that at least the TA the eRelay-UE is in and which cell/eNB the eRelay-UE last used are included.

If RAN2 option 2 is being used, then the paging resource parameters passed to the eNB must match the parameters provided to the eRelay-UE.

If RAN2 option 3 is chosen, then parameters to identify the paging resource the eRelay-UE is using are also returned, and these parameters are passed to the eNB in the S1-AP paging message.

Once the eRemote-UE MME has all the relevant parameters it sends the S1-AP paging message to the eNB(s), which then perform paging over the air interface.
6.x.y.2
Option B: eRelay-UE MME notifies Paging Parameters to eRemote-UE MMEs

This option is similar to the Option A above, but instead of requesting the paging parameters from the eRelay-UE MME, the eRelay-UE MME proactively informs all relevant eRemote-UE MMEs when they change and the eRemote-UE MMEs cache them. The procedure is shown in Figure 4.
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Figure 4: Notification of Paging Parameters from the eRelay-UE MME
Whenever the eRelay-UE enters ECM-CONNECTED and any of the relevant paging parameters have changed then the MMEs for all the eRemote-UEs the eRelay-UE acts as a layer 2 relay for are notified of the changes.

As the Request Paging Parameters from the eRelay-UE MME procedure above which parameters are notified depends upon the RAN2 paging option.

When an eRemote-UE MME receives the notification it caches the parameters so they can be used for indirect paging.

When the eRemote-UE MME wishes to perform paging it uses the cached parameters to determine the TA and eNB(s) to send the S1-AP message to.

6.x.y.3
Option C: eRemote-UE uses eRelay-UEs paging occasions

In this option the eRelay-UE monitors its own paging occasions and relays paging to its linked eRemote-UEs. In addition the eRemote-UE is also provided with the details of the paging occasions that the eRelay-UEs is monitoring and when it is using Uu it monitors the eRelay-UEs paging occasions. An overview of the procedure is shown in Figure 5.
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Figure 5: eRemote-UE Monitors eRelay-UEs paging occasions

The eRemote-UE performs a TAU procedure to request its eRelay-UEs paging parameters when, for example, the eRemote-UE is notified by eRelay-UE that the paging parameters have changed. The eRemote-UE MME requests the paging parameters from the eRelay-UE MME. The exact parameters returned in the Paging Params message need to be studied, however it is expected that at least the parameters required to calculate the eRelay-UE’s paging occasions are returned (ie IMSI mod 1024, DRX parameters, etc).

The eRemote-UE MME caches the eRelay-UE’s paging parameters and provides them to the eRemote-UE in the TAU accept message. When the eRemote-UE receives the paging parameters it stores them.

When the eRemote-UE MME wishes to page the eRemote-UE it uses the cached parameters to determine the eRelay-UE Identity Index and other parameters the eNB uses to calculate the paging occasion in the S1-AP paging message sent to the eNB, along with the eRemote-UEs paging identity. The eNB sends the paging message over the air interface. 

The eRemote-UE MME does not need to take into account the linked status of the eRemote-UE, the procedure to page is the same the eRemote UE is the same. Depending upon the linked status of the eRemote-UE either the eRelay-UE or the eRemote-UE will receive the paging message from the eNB over the air interface.

If the eRemote-UE is linked to the eRelay-UE then when the eRelay-UE receives the paging message for the eRemote-UE over the air interface from the eNB the eRelay-UE relays the paging over the short range link to the eRemote-UE.

If the eRemote-UE is not linked to an eRelay-UE then it monitors Uu for paging using the saved parameters provided in the TAU accept message. The eRemote-UE receives the paging message from the eNB over the air interface. 

***** End of changes *****
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