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Abstract of the contribution: Proposes a new solution for Key Issue#2 Paging collision avoidance.
1
Background
In existing mechanism, UE monitors a paging occasion (PO) per DRX cycle. One paging frame (PF) is one radio frame and may contain one or multiple POs or starting point of a PO.

In the case of long term evolution (LTE), calculation time for PF and PO is performed based on the following equation:

PF is given by following equation:

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

Index i_s pointing to PO from subframe pattern defined will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

In the case of new radio (NR), the calculation of PF and PO of LTE is performed based on the equation below:

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

 Compared with LTE, the PF_offset parameter is introduced because the paging message is included in the PDCCH, not every wireless frame will contain PDCCH information. 
The parameters in the above LTE and NR calculations are specifically explained as follows. 
For DRX paprameter ("T" in the euqation),
· Cell-level DRX (DRX pre-configured at a base station is sent to all UEs in a cell through broadcast messages). 
· UE-level DRX (for the calculation of PF and PO by the UE in the RRC_IDLE state, the DRX is sent by the core network MME/AMF to the base station, and the base station is further transmitted the DRX to the UE). 
· RAN-level DRX (for the calculation of PF and PO by the UE in the 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). 
For UE in CM-IDLE state, it may obtain Cell-level and UE-level DRX parameters, then UE takes the DRX with minimum value in to use.
For UE in RRC-Inactive state, it may obtain Cell-level, UE-level and RAN-level DRX parameters, then UE takes the DRX with minimum value in to use.

For, UE-ID parameter, 
· in 4G, the UE-ID is IMSI mod 1024. 
· In 5G, the UE-ID is 5G-S-TMSI mod 1024. 
The remaining parameters, including "N", "Ns", and "PF_offset" are system broadcast parameters. In other words, the UE obtains the remaining parameters through cell broadcast, and the parameter values of different UEs are generally the same.

Observation-1: in current mechanism, only the UE-ID and DRX can be UE specific parameters and which can be changed using NAS procedure (Registration update).
Observation-2: When the calculated POs in different USIMs are overlapping, changing the NAS parameters, i.e. UE-ID and DRX, will modify the Paging Occasion and so avoids paging collision from happening.
Proposal-1: in case UE detects there can be paging collision (when UE finds the calculated POs in USIM-1 and USIM-2 are overlapping), UE may send Registration request asking to change the UE-ID and/or DRX so as to calculate new POs so that paging collision can be avoided.
* * * * Start of Change – hereforth all text is new text * * * *
6.X
Solution #X: paging collision avoindance by changing NAS parameters
6.X.1
Introduction
Editor's note:
This clause lists the key issue(s) addressed by this solution.

The solution applies to Key Issue #2 “Paging collision avoidance”.

The solution applies to both 5GS (UE in either CM_IDLE or RRC_Inactive state) and EPS (UE in CM_IDLE state only).
6.X.2
Functional Description

Editor's note:
This clause outlines solution principles and documents any assumptions made.

In case of paging collision (when UE finds the calculated POs in USIM-1 and USIM-2 are overlapped), UE sends Registration request asking to change the UE-ID and/or DRX so as to calculate new POs for paging collision avoidance.
6.X.3
Procedures

Editor's note:
This clause describes high-level procedures and information flows for the solution.
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Figure-1 Registration update for NAS parameter changing for paging collision avoidance

Step 1: When UE finds paging collision happens (e.g. the calculated POs in USIM-1 and USIM-2 are overlapped), it sends to AMF the Registration request with Registration type = Mibility Registration Update, including the following parameters:

· Paging collision avoidance indication;

· Addtionally, requested 5G-GUTI and/or DRX parameters.

Step 2: AMF decides to allocate a new 5G-GUTI and/or DRX parameter for the UE, taking into account the the Paging collision avoidance indication and requested 5G-GUTI or DRX paratermers (if any). In case that there is requested DRX parameters in step.1, the AMF can only accept one of the requested parameters for the new DRX of 5G-GUTI and/or DRX parameters rather than allocate a parameter different from the requested ones.

Step 3: AMF respond the new DRX and/or 5G-GUTI to UE. 

6.x.3.3
Enhacement in EPS

The principle is the same as 5GS except that the UE-ID (IMSI) cannot be changed.
6.X.4
Impacts on existing entities and interfaces

Editor's note:
This clause describes impacts to existing entities and interfaces.

Impacts to 5GS:

UE:

·  Determine to send the paging collision avoidance indication in registration when paging collision happens;
· Additionally send requested 5G-GUTI and/or DRX parameters in Registration request
NG-RAN:

- 
None .

AMF:

- 
Allocate a new NAS parameter (5G-GUTI and/or DRX) to UE, taking into the paging collision avoidance indication and requested GUTI or DRX (if any) into account.
For EPS:
UE:

·  Determine to send the paging collision avoidance indication in registration when paging collision happens;

· Additionally send requested DRX parameters in Registration request.
E-UTRAN:

- 
None .

MME:

- 
Allocate a new NAS parameter (DRX) to UE, taking into the paging collision avoidance indication and requested DRX (if any) into account.
6.X.5
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

* * * * End of Change * * * *
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