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1. Introduction

RAN MUSIM WID [1] has been agreed and it will start from Q3, 2020. But SA2 plans to finish the study at Q3, the limited overlapped work time makes the co-operation between RAN and SA2 difficult.
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So far, Key issue1, 2, 3 has overlapped study scope between SA2 and RAN. Especially, Key Issue 2: “Enabling Paging Reception for Multi-USIM Device” strongly relies on RAN, since it is the RAN’s responsibility to define PO/PF calculation and to design how paging transmission/reception works.
	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 [RAN2]

· RAT Concurrency: Network A can be NR. Network B can either be LTE or NR.

· Applicable UE architecture: Single-Rx/Single-Tx.


Observation1: the limited overlapped work time makes the co-operation between RAN and SA2 difficult. Key issue#2 strongly relies on RAN’s study.
2. Discussion on Paging Collision
A multi-USIM device with single Rx may occur the paging collision. The paging collision is that the paging monitoring occasions (include preparation of paging reception) for different USIMs are overlapping in time domain, and may result in missing paging. 
· In EUTRA, inputs for calculation of paging monitoring occasions are simple and include UE_ID/N, nB, UE DRX, etc. The UE ID/N and UE DRX are indicated from the CN to the RAN during paging.
	As referred in TS 36.304[X] and TS 36.331[X], RAN parameters (e.g. N, nB, UE DRX) define the paging monitoring cycle of UE and the location of POs in one cell. In the example:

· the paging monitoring cycles corresponding to both USIM are 80ms (8 radio frames)
· there are one PO per 2 radio frame in Cell1 while one PO per radio frame in Cell2

The PO UE needs to monitor is decided by the last 10 bit of UE’s IMSI. The SFN of PO is given by following equation: T= (T div N)*(UE_ID mod N)(TS 36.331[X]). Let’s assume, after calculation based on equation:

· For USIM1, the SFN of PO UE needs to monitor is 0, 8, 16…; 

· For USIM2, the SFN of PO UE needs to monitor is 1, 9, 17…; 

Note. before UE monitoring the PO in one cell, UE needs some prepare time to tune it RF to the frequency of the cell and setup downlink sync with cell. As illustrated in the above figure, the cell2’s POs in SFN=1, 2 are overlapping in time with the PO of cell1 in SFN 0 or its corresponding preparing time. In addition, there is no enough time for prepare the paging reception on cell2 in SFN=3 after UE finish the reception of PO in cell1’s SFN 0. 

Hence, in the example UE cannot monitor its POs in cell1 and cell2, paging collision occurs, as illustrated in the yellow block in the Figure1.


· As referred in TS 38.304[X] and TS 38.331[X], in NR, the paging monitoring occasion can be configured more flexible than EUTRA. The inputs for calculation of paging monitoring occasions become quite complicated, in addition to the parameters inherited from EUTRA, the RAN parameters, such as the PF-offset, firstPDCCH-monitoringOccasionOfPO, pagingSearchSpace, SSB number and ssb-PositionsInBurst, uplink symbol and flexible symbol affect the PO location, impact the PO calculation. Therefore, even if the UE_id mod 1024 are different, paging collision is still possible. Hence, it is hard for CN to ensure the paging collision not occurs, since the radio frame/slot a PO mapped to in Uu is highly dependent on RAN configuration in NR.  
<Analysis on paging location shift for paging collision>

Scenario1 (applicable for both NR and LTE): PF shift may not fix paging collision at current UE location
The RAN PO collision is illustrated in the Figure1:
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Figure-1 PO Collision Issue
As example, a multi-USIM device camps on Cell1 and Cell2 respectively for different USIMs. A downlink timing offset may exist between the Cell1 and Cell2, since the two Cells may be out-of-sync, especially when two USIMs are associated with different operators. 

In order to receive the paging, the device needs a preparation time to turn its RF to the frequency of the cell and setup downlink sync with cell. So the possible collision time include the preparation time and PF. If collision happens, the PF for USIM2 need to be moved out SFN=1, need to be SFN=4 at least. SFN=2, 3 is not sufficient because of no enough preparation time. In order to fix the issue, one way is the device to request AMF to reallocate the 5G GUTI. However, UE ID reallocation may result in PF change but may not change the PF exactly to avoid paging.

Observation2: PF shift may not exactly avoid paging collision since it is not sufficient to shift out of the overlapped time only, but also need to shift out of the whole preparation time.
Scenario2 (applicable for both NR and LTE): paging collision reoccur is possible during UE mobility after PF shift
Even if the UE ID reallocation works to move the PF to SFN=4 at least. If the collision between cell1 and cell2is fixed during idle mode, the UE can keep on moving and change its camped cell. And new collision may happen between the new cell pairs.
In the example in Figure-2, the PO of USIM2 is changed to SFN4. Paging collision issue is solved for cell pair [cell1, cell2] temporarily. 

After cell reselection for USIM2, UE camps on cell3, and continue monitoring it PO in SFN4 for USIM2. Cell3 has the same RAN configuration (e.g. N, nB, UE DRX) as cell2 but it is a FDD cell. Unfortunately, synchronization between FDD cells is not required. The time position of SFN4 in cell3 different from that in cell2 and can be located at the collision period. Paging collision reoccurs between the new cell pair [cell1, cell3] due to downlink timing shift.
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Figure2 PO Collision Reoccur after Cell Re-selection in un-synchronization network
Observation3: wide PO location shift may fix paging collision temporarily. During the mobility in idle/inactive mode, paging collision may reoccur due to downlink timing shift or different RAN configuration (e.g. N, nB, UE DRX) of cells passed by multi-USIM device.
Scenario3 (applicable for NR): flexible PO configuration
What’s more, NR allows more flexible PO configuration in time, e.g. the PF-offset. PF-offset is per cell specific, which allows each cell to configure own offset of paging frame. 
In the following example, multi-USIM device camps on cell1 for USIM1 and cell2 form USIM2, and finds PO collision between USIM1 (i.e. PO in SFN0) and USIM2 (i.e. PO in SFN1). Then the CN reallocates the 5G-S-TMSI for USIM2, which leads the PO UE monitoring in cell2, is changed from SFN1 to SFN4.   
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Figure 3 PO Collision Reoccur after Cell Re-selection in synchronization network
However, after multi-USIM device performs cell re-selection for USIM1, multi-USIM device camps on cell3 for USIM1. Although there is synchronization between cell1 and cell3, cell3 is configured with PF-offset=1, which shift the PO UE monitoring one radio frame later. As shown in the above figure, the multi-USIM device needs to monitor the PO in SFN1 for USIM1 in Cell3. Then the PO collision issues reoccur.

Hence, the NR paging collision issue cannot be totally solved by CN via reallocated the UE ID for PO calculation even in synchronization network.
Observation4: NR paging collision cannot be totally avoided by paging location shift even in synchronization network.
3. Summary
Observation1: the limited overlapped work time make the co-operation between RAN and SA2 difficult. Key issue#2 strongly relies on RAN’s study.
Analysis for paging location shift for paging collision
Observation2: PF shift may not exactly avoid paging collision since it is not sufficient to shift out of the overlapped time only, but also need to shift out of the whole preparation time.

Observation3: wide PO location shift may fix paging collision temporarily. During the mobility in idle/inactive mode, paging collision may reoccur due to downlink timing shift or different RAN configuration (e.g. N, nB, UE DRX) of cells passed by multi-USIM device.

Observation4: NR paging collision cannot be totally avoided by paging location shift even in synchronization network.

Solutions on the table
Solution1: UE requests to reallocate 5G-GUTI when detect paging collision. Solution1 can only be applied to 5GS. In EPS, the UE_ID for PF/PO calculation is IMSI and cannot be reallocated. It is a kind of solution to make paging location shift
Solution2: Let RAN to fix the paging collision totally. However, RAN will not start the study before Q3. 
Way Forward Proposal:
Proposal1: Leave the paging collision issue to RAN and when RAN’s solution is ready, SA2 define the corresponding work, if any, like IAB. SA2 keep continues to clarify the solution but not conclude before Q3. 
Proposal2: W.R.T no TU allocation before Q3 for MUSIM at RAN and it is not possible for RAN2 to discuss the feasibility of solutions ahead of Q3. However, it is beneficial to align the understanding for the paging collision issue between SA2 and RAN at the earlier study phase. Hence it is proposed to request RAN2 to confirm the understanding for MUSIM issue, which is captured in LS proposal (S2-2000134).
4. Text Proposal
TP for TR 23.761 is as following.
*******************************************Start the changes**************************************

5.2
Key Issue 2: Enabling Paging Reception for Multi-USIM Device
5.2.1
Description

Paging Occasions (POs) are calculated based on the UE identifier i.e. IMSI and 5G-S-TMSI for EPS and 5GS, respectively. The formulae for determination of the POs are specified in TS 36.304 [2] and TS 38.304 [3] for E-UTRA and NR, respectively.

Multi-USIM device that is unable to simultaneously monitor paging on all 3GPP RATs and systems in which it is in Idle state or RRC_Inactive state (for 5GS) needs to make a choice of the paging channel(s) to monitor which can lead to unsuccessful paging on the other paging channel(s). In some cases the UE identifier values associated with the different USIMs can lead to systematic collisions which may result in corresponding missed pages. The present key issue shall study:

-
How the system can enable operation when the paging associated with the 3GPP RATs and systems in which the Multi-USIM device is in Idle state or RRC_Inactive state (for 5GS) overlap in time?

NOTE:
The exact timing of paging on the radio interface is managed by RAN, therefore coordination with the RAN Groups will be necessary. The corresponding solution for paging collision issue will not be determined before Q3 with regard to that the issue strongly relies on RAN and the corresponding RAN study starts from Q3, 2020.
-
Whether and how the network needs to be aware of specific UE communication constraints (e.g. Single Rx) in order to enable the Multi-USIM device to receive paging for each of the registered USIMs?

The solutions for enabling receiving paging for each of the registered USIMs in 5GS and EPS may not be based on the same principles. 
*****************************************End of changes***************************************

5. Annex
	36.304

7
Paging

7.1
Discontinuous Reception for paging

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.
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.

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. UE specific DRX is not applicable for NB-IoT.

-
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) provided in system information

-
UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH.

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).

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".

	38.304

7
Paging

7.1
Discontinuous Reception for paging

The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent (TS 38.213 [4]). One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.

In multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.
The UE initiates RRC Connection Resume procedure upon receiving RAN initiated paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.

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

The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4] and firstPDCCH-MonitoringOccasionOfPO if configured as specified in TS 38.331 [3]. When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].

When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.

When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.

NOTE 1:
A PO associated with a PF may start in the PF or after the PF.

NOTE 2:
The PDCCH monitoring occasions for a PO can span multiple radio frames. When SearchSpaceId other than 0 is configured for paging-SearchSpace the PDCCH monitoring occasions for a PO can span multiple periods of the paging search space.

The following parameters are used for the calculation of PF and i_s above:

T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination

UE_ID: 5G-S-TMSI mod 1024
Parameters Ns, nAndPagingFrameOffset, and the length of default DRX Cycle are signaled in SIB1. The values of N and PF_offset are derived from the parameter nAndPagingFrameOffset as defined in TS 38.331 [3]. The parameter first-PDCCH-MonitoringOccasionOfPO is signalled in SIB1 for paging in initial DL BWP. For paging in a DL BWP other than the initial DL BWP, the parameter first-PDCCH-MonitoringOccasionOfPO is signaled in the corresponding BWP configuration.

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.

5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [10]. 5G-S-TMSI shall in the formulae above be interpreted as a binary number where the left most bit represents the most significant bit.
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