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Abstract: This contribution discusses the Key Issue #2 and proposes a corresponding solution for increased paging repetition.
1 
Introduction
Our previous contribution [1] proposed the following, articulating around the low likelihood of collisions taking place.
-
Proposal 1: no new system-wide mechanism is introduced to prevent PO collisions.

-
Proposal 2: a MUSIM device is required to be able to identify whether or not PO collisions can occur between the USIMs and take UE implementation action to enable paging reception for both USIMs, taking into account paging is repeated.
If our estimation of low likelihood of collisions is proven wrong, then it is important that the success rate for paging not be degraded with MUSIM devices. This contribution proposes simple means to achieve this, expanding on [1]

2
Proposal

Should collisions occur, the most important is to retain a good success rate for paging. There basically two directions to address the issue:

-
PO shifting

-
Paging Repetition
As per Proposal 2 in [1] it remains the responsibility of the UE to identify whether or not PO collisions could occur and to take appropriate action given paging is repeated on the radio interface.

Our first observation is that PO shifting can be a complex approach requiring either new secondary PO calculation (synchronized between the UE and the network) or using existing PO formulas, a change of UE ID. It should be noted that the UE ID will change in any case after paging, thus removing a collision if any.
Therefore, we think an alternative approach would be to leave PO calculation unchanged and instead when a collision risk is detected, to request a higher paging repetitions from the network in order to maximize chances of paging success – under the assumption the UE does already take into account paging is repeated. To this end, the UE could request a higher paging repetitions using MRU. Upon successful paging (and paging response), the network automatically reverts to normal paging repetition. The UE may also trigger MRU to deactivate the higher paging repetitions should the collision risk dissipate (e.g. other USIM active).

Proposal 1: a MUSIM device is required to be able to identify whether or not PO collisions can occur between the USIMs and take UE implementation action to enable paging reception for both USIMs, taking into account paging is repeated.

Proposal 2: Upon Proposal 1, the UE USIM A requests higher paging repetitions from PLMN A, using the mobility registration update procedure. PLMN A activates higher paging repetitions for the UE and automatically reverts to normal paging repetition upon successful paging or upon UE indication to resume to normal paging repetition, using the mobility registration update procedure. 
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6.X
Solution #X: Increased paging repetition with overlapping POs
6.X.1
Introduction
This solution relates to KI#2 Enabling Paging Reception for Multi-USIM Device. The solution proposes to increase the paging repetition when a collision risk is detected by the UE and reported to the network. 

6.X.2
Functional Description

The solution consists in the following:

-
A MUSIM device shall be able to identify whether or not PO collisions can occur between the USIMs

-
A MUSIM device that has identified PO collisions can occur between the USIMs, requests a higher paging repetition from one USIM’s PLMN using the mobility registration update procedure. 

-
The solution assumes UE implementation means to minimize page loss due to collision taking into account paging repetition (for example by selecting the order in which USIMs are operated for paging reception e.g. using a round-robin approach).

-
Upon successful paging (and paging response), the network where a higher paging repetition automatically reverts to normal paging repetition. The UE may also trigger MRU to deactivate the higher paging repetition should the collision risk dissipate (e.g. when the other USIM enters connected mode).

NOTE:
No new POs need to be calculated. RAN issues a larger number of pages.

6.X.3
Procedures
The figure below illustrates the proposal above.

[image: image1.emf]UE RAN AMF

Collision risk

detected

1. Registration Update (Increase Paging Repetition Req.)

2. Registration Accept (in N2 message incl. Increase Paging Rep.) 

N2 message

Higher Paging Repetitions active


Figure 6.X.3-1 Activation of higher paging repetition
1. 
Upon the UE detecting paging collisions will occur between USIMs, the UE initiates a Registration Update procedure in one of the colliding USIMs requesting a higher paging repetition from the network.

2.
The network returns a Registration Accept to the UE in an N2 message to the RAN. The N2 message includes a request to the RAN for increasing paging repetitions for the UE. The RAN forwards the Registration Accept to the UE and activates higher paging repetitions for the UE according to its policy.
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Figure 6.X.3-2 Deactivation of higher paging repetitions – Registration Update
1. 
Upon the UE detecting the risk for paging collisions has dissipated, it initiates a normal Registration Update procedure with the USIM where higher paging repetitions were earlier requested.

2.
The network returns a Registration Accept to the UE in an N2 message to the RAN, without any indication of higher paging repetitions. The RAN forwards the Registration Accept to the UE and deactivates higher paging repetitions for the UE.
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Figure 6.X.3-3 Deactivation of higher paging repetitions – Paging Response

1. 
The UE was paged successfully and initiates a (normal) Service Request.

2.
The network returns a Service Accept message to the UE in an N2 message to the RAN. The RAN forwards the Service Accept message to the UE and deactivates higher paging repetitions for the UE.

6.X.4
Impacts on existing entities and interfaces

UE:

- 
Identifying whether paging collisions can occur between USIMs
-
USIM selection for paging reception, while ensuring paging reception opportunity for all USIMs

-
Selection of USIM for which to request higher paging repetitions, and request for higher paging repetition

AMF:

· Handling of paging repetition request at registration
RAN:

· Handling of paging repetition request upon request from the AMF
SMF:

· none
UPF:

- 
none[image: image4.png]
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