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1	Introduction
Multi-USIM devices enable use of multiple subscriptions in one device, e.g. more than one USIM and concurrent registration in more than one network. The USIMs are from same or different operator (PLMN).
A Multi-USIM device needs to handle “simultaneous state” situations like: 
· RRC_IDLE/INACTIVE + RRC_IDLE/INACTIVE, e.g. 
· check paging in multiple systems
· receive system information for multiple systems
· perform measurements on multiple systems
· RRC_CONNECTED+ RRC_INACTIVE/IDLE, e.g. 
· voice + paging/SI/measurements
RAN2 WID RP-201309 [1] defines three objectives for the support for Multi-USIM devices in Rel-17, In this contribution the focus is on the objective 1, reported here:
1. Specify, if necessary, enhancement(s) to address the collision due to reception of paging when the UE is in IDLE/INACTIVE mode in both the networks associated with respective SIMs:
0. RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.
0. Applicable UE architecture: Single-Rx/Single-Tx.
This contribution was revised to account the agreements taken in SA2 group and in RAN2 #113bis-e meeting. In this respect, the proposal to use a solution based on UE implementation has been removed.
[bookmark: _Ref178064866]2	Discussion
​A Multi-USIM UE with a single Rx processing unit/chain can receive transmissions from one PLMN at a time. One major issue is the possibility to miss the Paging message sent by a PLMN, if the UE listening to the Paging in the other PLMN, causing performance degradation in terms of paging detection.

This may happen if the Paging Occasions (PO) / Paging Frame (PF) for the different USIMs are overlapping in time domain.
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The figure shows an example of Paging collision: the slots in bold indicates where the Multi-SIM UE is listening to Paging (PLMN1 or PLMN2). If the UE is listening to PLMN1 while the Paging message is sent by PLMN2, the message is missed (red slot). Even though the paging is repeated (after CN timer T3513 expires) the message may be missed again.

According to TS 36.304 [2] and TS 38.304 [3] the formulas for calculating Paging Frame and Paging Occasions are the following:
(System Frame Number) SFN for the PF is determined by:
[bookmark: _Hlk58396522]5G:	(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
LTE:	SFN 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:
[bookmark: _Hlk60925595]UE_ID: 5G-S-TMSI mod 1024		(in the 5GS)
UE_ID: IMSI mod 1024			(in the EPS)
The SFN and PO depends on the UE_ID, which can be reassigned (in case of 5GS) over time at the Mobility Registration procedure, and on other parameters configurable on cell level (e.g. T, N, Ns).

In TR 23.761 [4], SA2 group agreed to the following solution for EPS:
-	For paging reception in EPS when the paging collision is detected, the following principles are agreed:
-	Upon the UE detecting paging collisions between two networks, the UE initiates a TAU procedure to the MME of one network, to request an IMSI offset.
-	UE may provide an IMSI offset to MME during TAU procedure.
NOTE: Details on the request e.g. offset range will be defined during the normative phase.
-	The MME returns an IMSI offset to the UE in the TAU Accept.
-	During CN paging delivery, the MME provides to the RAN the UE_ID which is derived based on the IMSI and the IMSI offset. RAN and UE use the UE ID as the IMSI to calculate the PF/PO.

This solution was also confirmed in RAN2#113-e:
Agreement

1	Option 2b is the preferred solution to address paging collision for “LTE + LTE”.


In RAN2#113bis-e, further agreements were taken:
Agreement

1: For the EPS PO/PF calculation, include the UE_offset to the UE_ID calculation formula.

This corresponds to use an additional offset (here called “UE_offset”) in the UE_ID calculation formula in [2]:
UE_ID: (IMSI + UE_offset) mod 1024
Text proposal for TS.36.304 update is shown in Appendix A.

SA2 has taken no decision for the NR/5GS case.
SA2 group agreed to use an offset for EPS for paging collision avoidance, but no decision has been taken for the 5GS scenario.
In RAN2 #113e meeting, a discussion lead to prefer the Solution 1 (5G-GUTI change) for 5GS with the addition of Solution 2b (Offset) or Solution 3 (Paging repetition).
We think that there is no need to define multiple solutions to address the same problem. Solution 1 (5G-GUTI change) results in the change of the UE_ID which moves the SFN/PO calculated with the formulas. The same result is achievable by Solution 2b (Offset), by keeping the same 5G-GUTI and using an additional offset.
Since SA2 already agreed on usage of the offset for E-UTRA/EPS scenario, the same solution could be used for NR/5GS, as well. Having a common solution for EPS and 5GS keeps the specification simpler and reduces the implementation costs.
Solution 1 (5G-GUTI change) results in the change of the UE_ID which will move the SFN/PO. The same result is achievable by Solution 2b (Offset) by keeping the same 5G-GUTI and using an additional offset.
For the sake of keeping the specification simpler and reducing its implementation costs, we should avoid introducing multiple solutions to the same problem, so a common solution should be used for EPS and 5GS.
So, here is it proposed to use the same approach and include an additional offset in the UE_ID formula for the 5G case in [3]:
UE_ID: (5G-S-TMSI + UE_offset) mod 1024

In order to have a common solution to the paging collision problem, the same approach as decided for EPS should be used to 5GS case, as well. That is, an offset is included to UE_ID formula in TS 38.304.

[bookmark: _Hlk67039791][bookmark: _Hlk66698753]When the Multi-USIM UE notifies the collision to the CN via NAS signaling (e.g. NAS Mobility Registration/TAU Request), the UE may send proper information to assist the CN to perform the selection of the offset. Since the collision notification should be performed via NAS, it makes sense that also an assistance information, if any, should also be informed via NAS instead of via RRC. Hence, it is up to SA2 group to discuss and decide on the need for an assistance information and its usage.
If needed, an assistance information for paging collision avoidance is expected to be defined in NAS. It is up to SA2 group to decide on the need and usage of this information.

The procedures to notify the PO collision and assign the UE_offset are described in the Appendix B.
Conclusion
[bookmark: _Hlk528836488]In the previous sections we made the following observations:
1. SA2 group agreed to use an offset for EPS for paging collision avoidance, but no decision has been taken for the 5GS scenario.
1. Solution 1 (5G-GUTI change) results in the change of the UE_ID which will move the SFN/PO. The same result is achievable by Solution 2b (Offset) by keeping the same 5G-GUTI and using an additional offset.
1. For the sake of keeping the specification simpler and reducing its implementation costs, we should avoid introducing multiple solutions to the same problem, so a common solution should be used for EPS and 5GS.

Based on the discussion in the previous sections we propose the following: 
1. In order to have a common solution to the paging collision problem, the same approach as decided for EPS should be used to 5GS case, as well. That is, an offset is included to the UE_ID formula in TS 38.304.
If needed, an assistance information for paging collision avoidance is expected to be defined in NAS. It is up to SA2 group to decide on the need and usage of this information.
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Appendix A: Text proposal to add offset in UE_ID formula in TS 36.304 
[bookmark: _Toc500942635][bookmark: _Toc509405757][bookmark: _Hlk504049857][bookmark: _Hlk504055217]START OF THE CHANGE
[bookmark: _Toc29237941][bookmark: _Toc37235840][bookmark: _Toc46499546][bookmark: _Toc52492278]7.1	Discontinuous Reception for paging
[bookmark: _967898916][bookmark: _967899918][bookmark: _967900323][bookmark: _968057577][bookmark: _968059040][bookmark: _968059095][bookmark: _968059297][bookmark: _968059420][bookmark: _968059442][bookmark: _968060540][bookmark: _968065686][bookmark: _968484165][bookmark: _968484813][bookmark: _968484821][bookmark: _968485490][bookmark: _968491067][bookmark: _968491141][bookmark: _968493680][bookmark: _969080957][bookmark: _969081935][bookmark: _969082143][bookmark: _981793738][bookmark: _981793736]The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH or, for NB-IoT on NPDCCH addressing the paging message. In P-RNTI transmitted on MPDCCH case, PO refers to the starting subframe of MPDCCH repetitions. In case of P-RNTI transmitted on NPDCCH, PO refers to the starting subframe of NPDCCH repetitions unless subframe determined by PO is not a valid NB-IoT downlink subframe then the first valid NB-IoT downlink subframe after PO is the starting subframe of the NPDCCH repetitions. The paging message is same for both RAN initiated paging and CN initiated paging.
The UE initiates RRC Connection Resume procedure upon receiving RAN paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.
One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.
One Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception.
PF, PO, and PNB are determined by following formulae using the DRX parameters provided in System Information:
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 in 7.2 will be derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:
PNB = floor(UE_ID/(N*Ns)) mod Nn
If P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information, then the paging carrier is determined by the paging carrier with smallest index n (0 ≤ n ≤ Nn-1) fulfilling the following equation:
floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)
System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF, i_s, and PNB formulas above. If the UE has no 5G-S-TMSI, for instance when the UE has not yet registered onto the network, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.
The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier:
-	T: DRX cycle of the UE.
	Except for NB-IoT: If a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.
	For NB-IoT: If UE specific DRX value is allocated by upper layers and minimum UE specific DRX value is broadcast in system information, T = min (default DRX value, max (UE specific DRX value, minimum UE specific DRX value broadcast in system information)). If UE specific DRX is not configured by upper layers or if the minimum UE specific DRX value is not broadcast in system information, the default DRX value is applied.
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, and for NB-IoT also T/512, and T/1024.
-	N: min(T,nB)
-	Ns: max(1,nB/T)
-	Nn: number of paging narrowbands (for P-RNTI monitored on MPDCCH) or paging carriers (for P-RNTI monitored on NPDCCH) determined as follows:
If UE monitors GWUS according to clause 7.5.1:
this is the number of paging narrowbands (paging carriers) that are configured with GWUS.
else:
this is the number of paging narrowbands (paging carriers) provided in system information.
-	UE_ID:
If the UE supports E-UTRA connected to 5GC and NAS indicated to use 5GC for the selected cell:
[bookmark: _Hlk70339569]5G-S-TMSI mod 1024, if P-RNTI is monitored on PDCCH.
(5G-S-TMSI + UE_offset) mod 1024, if P-RNTI is monitored on PDCCH and UE supports Multi-USIM.
5G-S-TMSI mod 16384, if P-RNTI is monitored on NPDCCH or MPDCCH.
else
IMSI mod 1024, if P-RNTI is monitored on PDCCH.
(IMSI + UE_offset) mod 1024, if P-RNTI is monitored on PDCCH and UE supports Multi-USIM.
IMSI mod 4096, if P-RNTI is monitored on NPDCCH.
IMSI mod 16384, if P-RNTI is monitored on MPDCCH or if P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.
-	W(i): Weight for NB-IoT paging carrier i.
-	W: Total weight of all NB-IoT paging carriers, i.e. W = W(0) + W(1) + … + W(Nn-1). If UE monitors GWUS according to clause 7.5.1, Total weight of all NB-IoT paging carriers configured with GWUS.
-	UE_offset: Offset used to avoid possible SFN and PO overlapping for a UE supporting Multi-USIM.
IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.
For example:
	IMSI = 12 (digit1=1, digit2=2)
In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".
5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [39]. 5G-S-TMSI shall in the PF and i_s formulae above be interpreted as a binary number where the left most bit represents the most significant bit.
END OF THE CHANGE


Appendix B: Procedures to notify the PO collision and assign the UE_offset
[bookmark: _Ref174151459][bookmark: _Ref189809556]The procedure to notify the PO collision and assign the new offset is shown in the figure below:
[image: ]

The solution requires the UE to check if there is a collision for the PO between the two PLMNs.
The check is done at cell change and whenever a new 5G-GUTI is assigned.
If the collision is detected, the UE (in RRC_IDLE or RRC_INACTIVE) sets up the connection to one of the PLMNs and notifies the collision to the CN via NAS signaling (e.g. NAS Mobility Registration/TAU Request). The UE may propose an offset value together with the collision notification.
The CN selects the offset value (based on the proposed value from UE, or it can be a random value or other means can be used) and provides it to the UE via the NAS Mobility Registration/TAU Accept message.
In case of 5GS and NR, the CN signals the UE_offset to gNB by performing the UE Context Modification procedure. The gNB uses the value for the SFN/PO calculation for RAN Paging when the UE is in RRC_INACTIVE state. 
The following figure shows when the UE is paged:
[image: ]

If the UE is in RRC_IDLE, the CN includes the UE_offset/UE_ID in the NGAP/S1AP Paging, so the gNB/eNB can use it for the SFN and PO calculation.
Note: 	The NGAP Paging only carries the 5G-S-TMSI, then the UE_offset has to be provided in a new Information Element to allow the gNB to generate the new UE_ID. On the other hand, the S1AP Paging carries both the IMSI and the UE_ID, so the CN can directly provide the new UE_ID (i.e. (IMSI + UE_offset) mod 1024), without sending the UE_offset. This implies that no change is required to the S1AP Paging.
If the UE is in RRC_INACTIVE, the gNB uses the UE_offset previously received from the CN in the UE Context Modification procedure.
The RRC Paging is sent to the UE according to the updated SFN/PO formulas and received by the UE.
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