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Abstract of the contribution: The contribution discusses a possible new issue in EPS networks with VoLTE deployments caused by the lack of PS domain paging type differentiation. The contribution is submitted with the intent to solicit feedback from other companies.
1
Introduction

With the ongoing deployments of VoLTE and other IMS-based services (e.g. IMS video calls and SMS-over-IMS) the last services that were traditionally provided via the CS-domain are finally being moved to the PS domain. 
Unfortunately, the paging provisions over E-UTRAN currently only allow to discriminate between “CS domain” and “PS domain”, without any further differentiation within the “PS domain”. Notably, the E-UTRAN paging currently allows for no differentiation between IMS services and non-IMS services, let alone between specific IMS services (e.g. IMS voice vs “IMS other”).

As a result the UE needs to treat all “PS domain” paging requests equally, which may lead to decreased efficiency in some scenarios. It is noted that, in contrast to E-UTRAN, the paging message in UTRAN allows for discrimination of MT service based on its traffic class (Conversational, Interactive, etc.), which makes the E-UTRAN appear as functionally deficient in this respect.
2
Discussion

2.1
Issue Description 
When UE is registered to a VPLMN and performing PLMN search (i.e. background scan for HPLMN or higher priority PLMN) or when a registered UE performs a manual PLMN search, the PLMN search can be interrupted by a paging request leading the UE to move to connected mode and respond to paging. Most of the time PS domain paging will be for PS data other than IMS (e.g. an application server in the network wishing to push data to the UE for one of the many different applications running in the UE). Even though in most of these cases the PS data is delay tolerant and postponing the response to the paging request is without significant consequences, currently the paging cannot be ignored completely, because the PS paging could have been triggered by a “critical” service such as IMS voice call. The multiple interruptions of the PLMN search caused by the paging can result in an unpredictable delay of the PLMN search completion or, in the worst case, even in a failure of the procedure. Delay in moving to preferred PLMN (via manual PLMN search or HPLMN search) in roaming scenarios can even incur additional roaming charges on the user.

2.2
Possible solution

The network could provide more granular information in the E-UTRAN paging procedure to indicate the type of service that triggered the paging. For instance, the PS paging message could contain a “Paging Cause” parameter including the following values.
1.
IMS voice / video service

2.
IMS SMS service
3.
IMS other service (not voice / video / SMS related)
4.
Any IMS service
5.
Other PS service (not IMS related)

Networks which can only discriminate between IMS and non-IMS service could use 4) and 5). Whereas networks which are able to discriminate between different types of IMS services (i.e. voice/video call, SMS, messaging, etc.) could use options 1), 2), 3) and 5).

According to TS 23.401, when P-GW receives mobile terminated data for a UE, the P-GW forwards these data to S-GW. The S-GW informs the MME about incoming data via “Downlink Data Notification” which shall include ARP, Bearer id and optionally Paging Parity Indicator (PPI) when so configured per operator’s policy.

To identify the range of possible paging cause values there are two cases to consider on the network side:

1.
EPC supports PPI
2.
EPC does not support PPI

When EPC supports PPI, this information is available at MME. MME can distinguish clearly for which IMS service the paging has to be initiated towards UE. MME can classify paging from one of options provided below as “Paging Cause” and add that information in the [S1 AP] PAGING message towards eNodeB:
1.
IMS voice/video service

2.
IMS SMS service

3.
IMS other services (not voice/video/SMS-related)

4.
Other PS service (not IMS-related)

On receiving [S1 AP] PAGING message from MME, the eNodeB forwards the “Paging Cause” in the “Paging” message on Uu interface to UE. On receiving paging with appropriate “Paging Cause”, UE takes an appropriate decision based on preferences preconfigured by the operator or user.

Depicted in Figure 1 is a pictorial representation of generating “Paging Cause” when EPC supports PPI.

[image: image1.png]Dovaink Data
S ——

| Downink DateofeaionRp Bearer 1D, PPI)
'Dovalink Data foffcation Ack.

When UME receives PP in DL Data Notifcationt wi caegorizs “paging cause” n diferert service Gass({1 1S voice/
Video serice 2. IS SWS servios 3. IS other servce 4.Other PS senice)

PagingPafing Cause)
|_PagngPagag cause)

On receiing paging cause from I, ellode transmits same paging cause” informaton to UE on air nerie(1 IS
olostiden service 2. IMS SHS servie 3. IMS other servioe 4Other PS sendce)

pgnaPasing Cauee)

UE takes appropriste acion based on the Paging cause” received fom NW





Figure 1: Paging cause differentiation when EPC supports PPI

When EPC does not support PPI, MME can utilize the EPS bearer ID it receives in “Downlink Data Notification” message from S-GW. If the EPS bearer ID received in “Downlink Data Notification” message is associated with QCI value “5” (= IMS signaling), the paging is marked as associated with IMS ("IMS any service"). If the EPS bearer ID received from S-GW in “Downlink Data Notification” message is not associated with QCI value equal to “5” then the paging is marked as not associated with IMS ("Other PS service").

Hence when EPC does not support PPI, based on the EPS bearer ID and its associated QCI value, MME can indicate eNodeB about “Paging Cause” as defined below.

1. Any IMS service

2. Other PS service (Not IMS related)
Depicted in Figure 2 is a pictorial representation of generating “Paging Cause” when EPC does not support PPI.
[image: image2.png]Dovaink Data
e

'Dovnlink Da Notiication (ARP, Bearer D)

'Dovalink Data foffcation Ack.

When UME does not receives PPI n DL Data Nofifcaton vl categorize “paging cause” i diferert senvice cass
based on the received bearer D associated OCI value(1. any IMS service [for OCI = 5] 2. Other PS senvice [ACI

PagingPafing Cause)
|_PagngPagag cause)

On receiving paging cause rom IHE, eNade transrits same paging cause” nformation (o UE on air interface(i. any.

IS senvioe 2. Other PS senvce)
pgnaPasing Cauee)

UE takes appropriste acion based on the Paging cause” received fom NW





Figure 2: Paging cause differentiation when EPC does not support PPI
When the UE is roaming in a new VPLMN, it needs to know whether the network is supporting the Paging cause parameter or not, and to which level of granularity the network is supporting the Paging cause (i.e. whether the network is able to distinguish between different kinds of IMS services [voice/video vs. SMS vs. other IMS services], or whether it is just able to distinguish between IMS services and non-IMS services.

In principle it is possible for the network to indicate the support (and level of support) explicitly via signaling between network and UE (e.g. in dedicated RRC signaling or system information broadcast signaling, or in NAS signaling, e.g. during attach or TAU procedure). However, it is also possible that the UE determines the support by analyzing the Paging messages the network is sending on the paging channel.
Assuming that the majority of paging via the radio interface will be for "other PS services", it may be most efficient from signaling point of view, if the “paging cause” parameter is included in the Paging message only when it is triggered by IMS service (i.e. the absence of the Paging cause parameter implicitly indicates "Other PS service").
3
Conclusion and proposal
Based on the discussion in the previous sections it is proposed to enhance the paging functionality in EPC/E-UTRAN to allow it to discriminate mobile terminated paging for IMS services, thus enabling the UE to take more appropriate decision in certain situations (e.g. temporary disregard a paging message for services other than IMS voice or video call in case the UE performs background PLMN search).

Networks supporting the paging priority indication (PPI) feature can distinguish IMS services more accurately than those that do not support. Networks that do not support the PPI feature, can still discriminate between IMS and non-IMS service based on the QCI value associated with the data bearer that triggers the paging.
The authors of this contribution are seeking feedback and would be happy to draft the corresponding CRs.
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