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1 
Discussion

Several “notification” type of solutions have been proposed to address KI #1 (solutions numbered 7, 8, 12, 13, and 27) in the TR. Some of these solutions also address KI#2.

In this section, we provide our view on whether or not notification type solutions should be progressed further and, if so, which one(s)?

The most promising solution for KI#1 appears to be the use of “Paging Cause” which is described in Solution #1, and used and enhanced by other solutions (5, 9, 24, and 26). This solution impacts both the IMS network (P-CSCF) as well as network entities in both the HPLMN and VPLMN (AMF/MME, SMF/S-GW) and enhancements to both NG-RAN and E-UTRAN. In the case a UE is roaming support will also be needed by the IPX. We can reasonably expect that both RAN, CN and IPX enhancements will be carried out in a phased manner as per the deployment strategy of interested operators. As such, there seems to be a deployment opportunity for a push-based notification that only affect the HPLMN.

Observation 1: While the “Paging Cause” solution comprehensively addresses KI#1, there is a need for another solution that can serve as an interim solution before the “Paging Cause” solution is fully rolled out.
During this interim period, when not all network are capable of supporting the paging cause solution, it would be of interest to use a complimentary notification type solution that performs reasonably well, and imposes only a modest impact on UE, RAN, and existing core network entities. Accordingly, we attempt to identify requirements to guide the choice of a notification type solution for normative work.

Requirement 1: Any notification type solution that is to be pursued further should have minimal impact on UE, RAN, and core network. 

In the sequel, we attempt to analyse the impact of notification type solutions on UE, RAN, and CN.
RAN impact:

All the notification-type solutions have the attractive property of not having any impact on NG-RAN or E-UTRAN.

CN impact:

Solutions 7 and 27 require a new network entity, namely, the paging server. The other solutions (8, 12, and 13) require enhancements to the AMF and SMF, AMF and NEF, and IMS (SCC AS), respectively. Solution 12 relies on N3IWF, which is not yet widely deployed. Solution 13 can use the ePDG, which is widely deployed today.
UE NAS layer impact:

All the notification type solutions have varying level of impact on the UE NAS layer, except solution 13, for which existing implementation mechanisms (e.g., configuration of APN/DNN in the UE) can be used to manage how the UE selects which PLMN to monitor using 3GPP access.  
Latency considerations

For a push based notification system to be useful, it is important that MT service notification be delivered in a timely fashion; else, the usefulness of the notification is lost.

NOTE: Depending on the MT service, timers could time out in the network resulting in the MT service being terminated before a push notification can be responded to.

Requirement 2: The potential latency in provided a push notification for MT service should be minimal.

In this respect, we believe that SMS based push notification schemes (solution #12) are less desirable since the delay distribution in SMS is unlikely to be acceptable for most MT services.

We summarize our evaluation of different notification type solutions in the table below.

	Solution/Criteria
	Sol.#7
	Sol.#8
	Sol.#12
	Sol.#13
	Sol.#27

	Impacts RAN?
	No
	No
	No
	No
	No

	Impacts UE NAS layer?
	Yes
	Yes
	Yes
	No
	Yes

	Requires new network entities
	Yes
	Yes
	No
	No

NOTE: The solution can work with existing ePDG and does not depend on N3IWF being deployed. 
	Yes

	Meets latency requirements
	Yes
	Yes
	No
	Yes
	Yes


Table 1: Comparing notification type solutions
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* * * * Start of Change * * * *
7.1
Evaluation of Solutions for Key Issue #1: Handling of Mobile Terminated service with Multi-USIM device

Table 7.1-1
	Solution #1
	This solution introduces additional information into the paging message to indicate why the UE was paged. Based on the indication and potential ongoing service on the other USIM, the UE determines whether to respond to the page or not. The UE does not need to respond to paging. The solution avoids responding to paging to identify why the UE was paged, thus minimizing any impact on the ongoing service on the other USIM. In the case the UE does not respond to the page, the paging request will be escalated and waste radio resources within the whole registration area. Furthermore, the AMF may think the UE suffers from RLF or lost power.

The granularity of the indication is under discussion. A complete evaluation will be made once this is finalized.

The solution can be applied to both RRC_Inactive and RRC_Idle.

The solution has UE, RAN and core network impacts.

Privacy considerations are under evaluation by SA3.

	Solution #2
	The solution introduces a mechanism for the UE paged in network B to negotiate a one-off period of absence with network A to allow responding to paging in network B. Other activity may also be performed by the UE during the negotiated period of absence. However no user control of the solution is described. While performing the other operations some service interruption may occur in the other USIM (depending upon service).

The solution can prevent unnecessary interruptions of the current service (depending on the impact of the negotiated period of absence on the current service)  by determining full necessary details of the incoming service (i.e. voice call form who, what data etc.), as if the incoming service is not desired the current service is not disconnected.

The solution requires the UE to respond to paging, thus preventing paging escalation (under normal conditions).

The solution has UE and RAN impacts.

Whether solution #2 is similar to RRC procedure for graceful leaving in clause 6.5.3.3 of solution #5 where the pause time can also serve the same purpose and therefore whether solution #2 can be merged with solution #5 is subject to feedback from RAN groups.

The duration of the period of absence is subject to RAN confirmation.

	Solution #3
	This solution adds a response to paging to inform the paging network that the UE has received the page but does not want to / cannot fully engage in the MT triggered service at this time, and is intended to be used in addition to other solutions for KI#1. While performing the response some service interruption may occur in the other USIM (depending upon service).
The solution requires the UE to respond to paging, thus preventing paging escalation (under normal conditions). The solution may have RAN impact to support RRC-Inactive.

The solution has UE, RAN and core network impacts.

	Solution #7
	Solution #7 additionally addresses "Key Issue 2: Enabling Paging Reception for Multi-USIM Device".

The solution is based on the deployment of an internet facing IP based service protocol that the UE accesses via the current serving network to receive push notifications of paging. The protocol used for the push notifications is to be defined.

The UE must maintain a connection to the paging server via the serving network while it is in CONNECTED. The protocol used for paging via the paging server is not defined. The details of the authentication are to be defined. The NAS layer in the UE has to support IP communications and be triggered to respond to paging based on traffic via IP.

The solution requires paging the UE in network A and after some delay via network B. If the UE monitors paging in both networks, there is a possibility that the UE does not receive either paging. If the UE only monitors paging in network B, the UE can receive the paging. The solution introduces some delay for paging and paging resource wastes. The MNO has to maintain a new internet facing service for the UEs to register with. The AMF/MME in the network also has to connect to the external facing server. It is not defined what protocol is used for the AMF/Paging Server.

When actively communicating with one network the UE does not need to listen to paging in the other network.

The solution prevents unnecessary interruptions of the current service to receive paging.

The user, depending upon service plan from serving network, may be charged by the serving network for the data required for the paging server i.e. control plane signaling in one network (typically not charged to the end user) may end up being charged to the user in the other network.

The solution has UE and core network impacts. It requires deployment of a paging server as well as necessary secure interactions between this server, the UE and the network.

	Solution #8
	This solution uses N3GPP access to register with an N3IWF on the non-serving network and a new paging indication is sent via the N3GPP service to inform the UE about paging. The AMF can determine whether the UE is reachable via the 3GPP access based on the N3GPP registration. Additional information to enable paging filtering by the network for each PDU Session may be provided.

The solution requires the UE to support N3GPP access and register and maintain a connection to the N3IWF while the UE is in CONNECTED on the serving network.

The solution may prevent unnecessary interruptions of the current service and the level of service differentiation is at the PDU Session level. Depending upon how services map onto PDU Sessions broad categories for how the user/UE determines what is unnecessary may only be possible.

The solution prevents unnecessary interruptions of the current service to receive paging.

The user, depending upon service plan from serving network, may be charged by the serving network for the data required for the N3GPP access.

The solution has UE and core network impacts. It requires deployment of N3IWF as well as necessary (secure) interactions with the UE and the network.

	Solution #9
	This solution is intended to be used in addition to solution #1 to filter paging into different groups based on the incoming callers identity. The identities are provided to the non-serving network to enable the grouping and each of the groups provide a different paging cause to the UE.

There may be privacy issues providing the grouping of preferred and non-preferred for each incoming caller to the network. The additional benefit of grouping by preferred and non-preferred is not clear. The total number of groups is unclear as some identities may not be included is either of the groups and the behaviour in this case is not clear.

The solution has UE and core network and IMS services impacts.

The solution requires user interaction to determine the callers identities and whether preferred/not preferred and to update the settings in the network. Additional MMI impacts are expected.

	Solution #10
	The solution uses PPI to enable the network to filter paging for the UE. The UE provides the rules for filtering in the Registration procedure.

When the network pages the UE, the network determines whether to page based on the PPI and filtering rules provided by the UE. The filtering rules are expected to be coarse (voice, data, SMS etc.).

How and when the filtering rules are updated is not defined. The rules apply at all times including when the UE is in IDLE or CONNECTED on the serving network, therefore incoming services maybe filtered whether needed or not. A more dynamic update from the UE will introduce significant additional signaling and it is not clear how that signaling interacts with the state of the serving network. While performing the establishment of new filtering rules, some service interruption may occur in the other USIM (depending upon service).If the filtering is only updated when the UE leaves the network some overhead ay be reduced.
The solution may prevent unnecessary interruptions of the current service but only for very broad categories for how the user/UE determines what is unnecessary (i.e. voice call but not who from, data arrival but not what etc.).

The solution requires the UE to respond to paging and avoids the network to page services that are filtered out, thus preventing paging escalation (under normal conditions).

The solution makes the UE unreachable for services that are filtered out.

The solution has UE RAN and core network impacts. The solution may require user interaction and related MMI impacts are expected.

	Solution #11
	This solution adds an upper time bound for when the UE must respond to (NAS) paging and provides a response to paging to inform the paging network that the UE/user has received the page but does not want to / cannot fully respond at this time. No additional information is proposed in paging.

The solution does not prevent unnecessary interruptions of the current service (service dependent), as it requires the UE to respond, however the response may be delayed for a period of time. The solution prevents paging escalation (under normal conditions). The solution is expected to only need a short duration gap.

The solution has UE and core network impacts.

	Solution #12
	Solution #12 additionally addresses "Key Issue 2: Enabling Paging Reception for Multi-USIM Device".

When the UE is paged, if there is no response an SMS is sent to the UE using MSISDN of the serving network. The UE has to provide the non-serving network with the MSISDN the UE uses on the serving network.

There may be privacy issues with providing the non-serving network the MSISDN from the serving network.

SMS is not a time critical service therefore the SMS based paging notification maybe delayed without warning.

The solution requires paging the UE in network A and after some delay via network B. If the UE monitors paging in both networks, there is a possibility that the UE does not receive either paging. If the UE only monitors paging in network B, the UE can receive the paging. The solution introduces some delay for paging and paging resource wastes.

The NAS layer in the UE has to support being triggered to respond to paging based on receiving SMS messages from another network. The solution does not introduce any mechanisms for the UE to perform any activity with the other network that is not actively communicating with (e.g. listen to paging, respond to paging, perform mobility update etc.), however the UE does not need to listen to paging.

The solution may prevent unnecessary interruptions of the current service but only for very broad categories for how the user/UE determines what is unnecessary (i.e. voice call but not who from, data arrival but not what etc.). The service categories and how they are determined is not defined.

The solution may not prevent paging escalation, as the SMS may be delayed.

The user, depending upon service plan from serving network, may be charged by the serving network for paging notification SMS. The solution has UE and core network impacts.

	Solution #13
	The solution targets asymmetric scenarios where a "serving" network provides data services and a "non-serving" network provides IMS voice and SMS-over-IMS. It does not intend to support data services on the non-serving network.

The UE registers with the non-serving network via its ePDG/N3IWF using an IP connection through the serving network. Prior to registering the UE detaches/enters MICO mode on the non-serving network. When a MT IMS voice call or SMS is received, SIP signaling is initiated towards the UE via the ePDG/N3IWF.

The solution relies on existing mechanisms (e.g., paging) when in IDLE mode in the serving network to inform the UE of MT services on the non-serving network.

The solution prevents unnecessary interruptions of the current service to receive paging and to respond for non-serving network's IMS voice and SMS services.

When the user accepts the voice call from the "non-serving" network, the media plane can be established over the top of the "serving" network or directly over 3GPP access in the "non-serving" network. In the case of the media plane being established directly over the 3GPP access (step 10A in Figure 6.13.3-1) the "non-serving" network temporarily becomes the "serving" network for the duration of the voice call and the solution does not explain how MT services on the previous "serving" network are handled.
Charging records may be generated by the serving network for the data required.

The solution has UE and IMS network impacts.


Among the above solutions, solution 7, 8, 12, 13, and 27 can be thought of as notification type solutions.
-
All the notification type solutions have no impact on RAN

-
Solutions 7 and 27 require a new network entity called paging server 

-
Solution 8 relies on deployment of the N3IWF.

-
Solution 12 relies on SMS for delivery of MT service notification and can suffer from unpredictable and large delays

-
Solution 13 relies on the ePDG being deployed, and has no impact on EPS/5GS and the UE NAS layer. Alternative B of solution 13, which is optional, imposes a user plane burden on the PLMN, which is carrying traffic towards the ePDG/N3IWF and raises related charging issues that require SA WG5 involvement. However, these could be addressed based on SLA between operators and user subscription. These issues are expected to less problematic for intra-operator scenarios, and are outside the scope of 3GPP as existing functionality is used.
NOTE 1:
Solution 13 can work with both ePDG and N3IWF.
* * * * End of Change * * * *
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