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Abstract of the contribution: Proposes a new new solution for paging reception with PO collision avoidance.
1
Background
Proposes new solution for paging reception with PO collision avoidance.

* * * * Start of Change * * * *
6.X
Solution #X: Paging collision avoidance by changing NAS parameters
6.X.1
Introduction

The solution applies to Key Issue #2 “Enabling Paging Reception”.
The solution is defined for the 5GS, but can be applied to scenarios where the UE is connected to multiple 5GS systems or a mix of 5GS and EPS systems.
The solution relies on the following principles:

-
When the UE is assigned a new 5G-GUTI in the Registration Accept message, the UE determines whether the new 5G-GUTI creates collisions with the paging in the other mobile system(s) to which it is registered.
-
If a collision is detected upon reception of the Registration Accept, the UE indicates in the Registration Complete message that it would like to receive another 5G-GUTI and includes information to assist the AMF for assignment of the new 5G-GUTI. The assistance information can be in the format of a UE_ID that provides the best timing of the paging.
· UE_ID format for E-UTRA/NR is 10bits and for NB-IoT it is 12bits as defined in TS 36.304 [x] and TS 38.304 [y].
· For perfectly overlapping POs (same serving RAN) then the UE_ID is equal to 5G-S-TMSI (of the other USIM) mod 1024.

· For non-overlapping POs than the UE_ID should not be equal to 5G-S-TMSI (of other USIM) mod 1024.
-
The network subsequently triggers the UE Configuration Update procedure to assign a new 5G-GUTI.
-
Additionally, if a collision is detected outside of any ongoing NAS procedure, the UE initiates the Registration Update procedure indicating that it would like to receive another 5G-GUTI and includes information, as mentioned above, to assist the AMF for assignment of the new 5G-GUTI.

The same approach is used when the new 5G-GUTI is assigned via the UE Configuration Update procedure.
6.X.2
Functional Description


According to TS 36.304 [2] and TS 38.304 [3] the following is the formula for calculating Paging Frame (PF) and Paging Occasions (POs):

The PF and PO for paging are determined by the following formulae:

SFN for the PF is determined by:

(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

Index (i_s), indicating the index of the PO is determined by:

i_s = floor (UE_ID/N) mod Ns

Where UE_ID is:

UE_ID: IMSI mod 1024



(in the EPS)
UE_ID: 5G-S-TMSI mod 1024

(in the 5GS)
As implied by the mod 1024 operaton in the UE_ID, the POs are determined only by the last 10 bits of the IMSI (EPS) or last 10 bits of the 5G-S-TMSI (5GS).

Regarding the DRX paprameter ("T" in the equation), it can be one of the following:
· Cell-level DRX (a DRX value pre-configured at the base station and sent to all UEs in a cell through broadcast messages). 
· UE-level DRX (for the calculation of PF and PO by the UE in RRC_IDLE state, the DRX is sent by the core network MME/AMF to the base station, and the base station further transmits the DRX to the UE). 
· RAN-level DRX (for the calculation of PF and PO by the UE in RRC_INACTIVE state, the DRX is also sent by the core network to the base station, and the base station further transmits the DRX to the UE). 
Consider the case where a Dual-USIM device is connected to two systems that are synchronized at SFN level for the sake of the argument. Whenever the last 10 bits of the UE_ID in the two systems to which the UE is registered are the same, there will be a full paging collision (meaning that a single Rx UE will systematically miss the pages in the other system). Even when the last 10 bits of the UE_ID in the two systems do not match fully and/or if the two systems are not synchornized at SFN level, there can be combinations of UE_ID that will lead to partial overlap of the POs, which can still lead to degraded performance in terms of paging detection.

It should be noted that the paging occasions in EPS are calculated based on a permanent subscription identifier (IMSI), which means that in the unfortunate case where the IMSIs associated with the two USIM cards are matching in the last 10 bits, the paging collisions will be systematic. This also means that any solution for paging collision avoidance, once activated, will be definitive.

In contrast, the paging occasions in 5GS are calculated based on a temporary identifier (5G-S-TMSI) which can be reassigned over time. The frequency of 5G-S-TMSI reassignment today is left to the operator. Given that the 5G-S-TMSI is used to prevent identity-based tracking, in the extreme case the network can decide to assign a new 5G-S-TMSI every time the UE performs a Mobility Registration procedure. Due to the frequent 5G-S-TMSI reassignment in one or the other system, the possibility for paging collisions can arise at any time.

The last two paragraphs considered the cases where the UE is simultaneously registered to two EPSs or two 5GSs. It is also possible for the UE to be simultaneously registered in EPS (with USIM1) and in 5GS (with USIM2). In this case the paging occasions in EPS will be based on the permanent identifier (IMSI), whereas the paging occasions in 5GS will be based on a temporary identifier (5G-S-TMSI). In this case, too, the possibility for paging collisions can dynamically arise at any time, similar to the case where UE is registered to two 5GSs.

6.X.3
Procedures
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Figure 6.X.3-1 Paging collision avoidance
1.
The Multi-USIM device registers to network-A and network-B respectively, during the registration procedure, the UE may indicate MUSIM capabilities and networks indicate whether to support UE request for change of NAS parameters.

2.
The Multi-USIM UE calculates Paging Occasion and it determines whether Paging Collision can happen.
3.
If the Multi-USIM UE determines that Paging Collision can happen, the Multi-USIM UE next selects a registered network supporting UE request for change of NAS parameters (e.g., network-B) and performs a Mobility Registration Update on that network. The Registration Request includes a new UE ID request indication and includes information to assist the AMF for assignment of the new 5G-GUTI, e.g. requested UE-ID value or range. The assistance information can be in the format of UE_ID that provides the best timing of the paging.
4.
The AMF allocates a new 5G-GUTI for the Multi-USIM device in the Registration Accept. When the AMF allocates the new 5G-GUTI, the AMF shall consider the assistance information provided by the UE. AMF should not allocate a new 5G-GUTI which does not fulfill the assistance information The AMF may also change the DRX parameters. 
5.
Upon receiving the new 5G-GUTI, the Multi-USIM UE re-calculates the Paging Occasion for network-B.
If the UE determines that paging collision can happen upon reception of a new 5G-TMSI in the Registration Accept message, the UE may immediately include a new UE ID request indication in the Registration Complete message including information to assist the AMF for assignment of the new 5G-GUTI. The assistance information can be in the format of UE_ID that provides the best timing of the paging. The network subsequently triggers the UE Configuration Update procedure to assign a new 5G-GUTI.
6.X.4
Impacts on existing entities and interfaces


AMF:

- handles UE request for assignment of a new 5G-GUTI, using assistance information provided by the UE.

UE:

- determines whether the newly assigned 5G-GUTI creates PO collisions and requests another 5G-GUTI and provides assistance information to the AMF.

* * * * End of Change * * * *
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