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1. Introduction
[bookmark: Proposal_Pattern_Length]In RAN plenary meeting RAN#90e the objectives of the Multi-SIM WID was discussed and updated [1]. After revision the revised objective for avoiding paging collisions are the following, see objective 1);

	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 or LTE. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx.
UE SIMs may belong to same or different operators. 
USIM can be a physical SIM or eSIM. 
Coordination with relevant WGs, such as SA2, should be considered where relevant. 
Specification change should focus on NR side for objective 1. For objective 1, specification change should focus on NR side and the change on LTE side is only for IDLE mode (i.e. related to EPC enhancement in SA2)
NOTE 1:  Single Rx allows MUSIM UE to receive traffic from only one network at one time, Dual Rx allows MUSIM UE to simultaneously receive traffic from two networks. Single Tx allows MUSIM UE to transmit traffic to one network at one time, dual Tx allows MUSIM UE to simultaneously Transmit traffic to two networks. (The terms Single Rx/Tx and Dual Rx/Tx do not refer to a device type. A single UE may, as an example, uses Dual Tx in some cases but Single Tx in other cases)
NOTE 2: Co-ordination between involved operators is not expected.





At the latest RAN2 meeting RAN2#112e, the following agreements were made related to paging collision avoidance [3];

From RAN2 point of view, Option 1 , 2a, 2b, and 3 are feasible to solve the paging collision issue in 5GS. Each have different effectiveness (as per analysis during the email discussion). When indicating reply to SA2, indicate both feasibility as well as effectiveness.
Indicate to SA2 that RAN2 continues to further evaluate the pros and cons of options 1, 2a, 2b, 3.
Option 4 is still allowed (but RAN2 will not specify UE implementation). 
Clarifying "No E-UTRA impact" can be done in RANP.
Option 2c can be evaluated later as it doesn't work alone.

Enhancement for 5GS should be prioritized since it can handle paging collision issue in both NR+NR and NR+LTE scenarios.


A Multi-SIM WI is ongoing in SA2 with similar objective as this one. In SA2 further discussions on solutions will continue in Q1 2021 and any information from RAN2 to support the finalization of the WI in SA2 is appreciated [1].
In this contribution, we discuss some aspects related to solutions to avoid paging collisions. With the new WID both networks A and B can be either LTE or NR. The paging collisions the LTE UE can be in idle state and the NR UE can be in Idle state or in RRC Inactive state. The selected solution to avoid paging collisions may according the WID affect 36.304, 36.300 for LTE and 38.300, 38.304, 38.306 and 38.331 for NR.

1. Discussion
In SA2 paging collisions avoidance are discussed, in case of paging collision one of the paging occasion must be moved so they are not overlapping. One proposed solution for moving the paging occasion of one of the SIMs is using a changed UE_ID, or an offset to the existing UE_ID. 
The Paging Frame (PF) and the Paging Occasion (PO) within that frame is calculated in the UE as well as in the Network. The equations defining the PF/PO are defined in the UE-requirements for idle mode in TS 36.304 for LTE and TS 38.304 in NR.
In 36.304, (section 7.1) the paging frame is calculated by the following equation:
SFN mod T= (T div N)*(UE_ID mod N)
The index i_s defines an offset PO from subframe pattern within the paging frame. It is derived from following calculation:
i_s = floor(UE_ID/N) mod Ns
The UE_ID used in the equations above is derived from the 5G-S-TMSI in case the CN is 5GC and from IMSI in case the Core Network is EPC. The UE_ID is calculated in the UE and in the Network (CN or RAN). The UE_ID is signalled as the parameter UE Identity Index Value between EPC and RAN in the S1AP protocol, defined in TS 36.413, when the MME is sending a paging message to the eNB. The UE_ID (UE Identity Index value) is for 5GC included in the assistance information for UEs in RRC_INACTIVE state in the NGAP protocol for 5GC, TS 38.413. This element is however missing in 38.413 when the AMF is sending a paging message to the gNB. It is however included in the assistance information for UEs in RRC_INACTIVE state.

SA2 SOLUTION PROPOSALS
The proposed solutions in SA2 are in short the following. The networks, in case the SIMs used in a MuSIM device belongs to different operators, do not know the timing of paging to the device from the other network. Therefore the networks needs UE assistance to notify that there is a collision of paging between the networks.
Three solutions for 5GC are discussed in SA2: 
· One solution is using a fixed UE_ID, not based on the 5G-GUTI. Then the timing of paging for that SIM is static based on the new UE_ID, and the paging occasion will stay at the same position relative to the SFN. 
· Next solution configures an offset to the existing UE_ID, still based on the 5G-GUTI. The paging occasion moves based on the offset added to the UE_ID and then used in the calculation of the PF/PO. For this solution when the 5G-GUTI is reallocated the paging occasion will move relative to the SFN since the UE_ID is still based on the 5G-GUTI.
· Finally, the third proposal is re-allocating the 5G-GUTI. This solution creates a new UE_ID and thereby moves the paging to another time defined by the new 5G-GUTI. 

In all solutions the UE indicates a collision to the network, in all solutions the UE may also indicates how much the paging occasion needs to be moved to avoid paging collisions. 
The solutions can thus when they indicate a new paging timing or UE_ID move the paging occasion to a timing which is good for the UE power consumption. The paging occasions thereby also have a relative timing, so they are non-colliding but close to each other. This will be good for the power consumption since the UE only needs to wake up once for receiving both pagings.
For EPC the timing based on the IMSI is static with reference to the SFN. The first two solutions above are feasible for EPC and almost identical, the paging occasion is moved relative to the change of the UE_ID. The third solution is not feasible in EPC since the PO/PF is derived for the IMSI and not a temporary ID.
Below we discuss the three proposals in more detail.

Proposal with changed UE_ID
In the solution with a fixed UE_ID, the RRC signaling in LTE/EPC is not affected. The UE_ID is generated in NAS and is signaled to the RAN to be used for paging. All added signaling when connected to EPC is on NAS level. 
In NR/5GC the UE_ID is currently missing in the paging message in the NGAP protocol, therefore this should preferably by updated in RAN3 to include the UE_ID. Thereby the signaling of UE_ID is the same in 5GC as in EPC.
The changes required to include a fixed UE_ID includes the NAS signaling with the UE assistance information in NAS with corresponding response to the UE. The UE Identity Index Value should be included in the Paging message from the AMF to RAN in 38.413. Then an additional option to derive the UE_ID needs to be added in 36.304 and in 38.304 to conditionally be the alternative UE_ID agreed between UE and NAS. 
In this solution the main benefit is that the UE_ID is kept constant until it is changed again, as in EPC. Thereby the paging occasion of this SIM will be static with reference to the SFN. 
Observation 1: The proposal with a changed UE_ID based on UE assistance works for both 5GC and EPC with minor changes of the specifications. The paging occasion is not moving as long as the UE_ID is kept. The UE Power Consumption can be optimized with this solution.

Proposal with UE_ID Offset
In the second solution, instead of having a fixed UE_ID, an offset is added to the existing UE_ID and thereby the position of the paging is moved. This offset can be signaled in the same way as the fixed UE_ID above with NAS signaling and adding on offset in the paging messages in the S1AP and NGAP protocols in 36.413 and 38.413. Thus, a new Information Element need to be defined in these protocols and added in the Paging messages as well as in the the UE assistance message in RRC_INACTIVE mode defined in 38.413.
In this solution the UE_ID changes when 5G-GUTI in 5GC is relocated, which is done when a service request is signaled in NAS. When the 5G-GUTI is relocated, the paging occasion is moved and the UE is back to a situation where collisions may occur again. Then there may be a need for a new UE_ID offset.
In EPC the IMSI is static so the (UE_ID + offset) and thereby the position of paging will be stationary. 
Thus, in EPC the new UE_ID proposal as well as the UE_ID with offset are behaving in the same way. In 5GC, they are behaving different since the 5G-GUTI is occasionally reallocated and will change the paging position in 5GC for this proposal with an Offset to existing UE_ID.
The 36.304 and 38.304 are affected in a similar way as for the Fixed UE_ID above. 
This will affect both S1AP and the NGAP protocols in [36.413] and [38.413] respectively since the offset needs to be added in the protocols.  
Observation 2: The second proposal, to add an offset to the UE_ID also works for both 5GC and EPC and, requires slightly more modifications of the specifications than the first solution. The paging occasion in 5GC will change when the 5G-GUTI is reallocated which might cause new problems with collisions and power consumption.

Proposal to Reallocate 5G-GUTI
The third solution, reallocating 5G-GUTI, the paging position is defined by the new 5G-GUTI. There are two options in this proposal, 
· either the paging position after the reallocation is moved a random position, which may or may not collide with the other paging occasion. 
· The other option is that the UE provides a prefered UE_ID in UE assistance signaling, similar as for the two other solutions above. Then the Core Networks attempts to provide a new 5G-GUTI where the UE_ID is equal to the requested UE_ID. 
With the first option of this solution the UE sends the NAS UE assistance information about paging collision to the NW, which re-allocates the 5G-GUTI and responds with the new 5G-GUTI defining a new UE_ID. Thereby the UE has a new paging timing which hopefully does not collide with the paging of the other NW. In worst case the network has to reallocate the 5G-GUTI once again
With the other option the paging position is moved to a UE prefered position, similar as in the two other solutions. When the 5G-GUTI is reallocated later due to a service request the paging position will change. This option has the same behaviour as the behaviour of the second solution above with the UE_ID offset in 5GC. 
This solution only works in 5GC with the 5G-GUTI. 
The descriptions above is based on RRC_IDLE state. In the RRC_INACTIVE state the RNTI and the UE_ID defining the RAN based paging occasion are both signalled from the AMF. Therefore, the solutions for RRC_IDLE state also works for the RRC_INACTIVE state. 
Observation 3: The reallocation of 5G-GUTI only works for 5GC, not valid for EPC This solution requires minor changes of the specifications. Without UE assisted new UE_ID the paging position will be moved to a random timing. With UE Assisted new UE_ID the paging position will change after next 5G-GUTI reallocation similar to the second solution.
Observation 4: The solutions for paging collision avoidance in RRC_IDLE state also works in RRC_INACTIVE state.
Proposal 1: Confirm to SA2 that the proposal to change the UE_ID based on UE assistance information is preferred from RAN2 point of view.

UE Mobility
When UEs do a cell reselection there are different aspects of the solutions. In the discussions below we are assuming that the paging occasion is moved in one of the networks but the other network uses legacy paging occasion as defined by 5G-GUTI or IMSI. 
The behavior during a cell reselection will also depend on whether the SFN is synchronized between the cells in a network or not. The assumption is that the SFN is synchronized in many networks but not all.
The changed timing of the paging occasions after a cell reselection is only based on the changed SFN in unsynchronized cells. For SFN synchronized cells the paging position will not move due to a cell reselection. Therefore the change of paging occasions during cell reselecton impacts equally for all of the solutions above.

Synchronized SFN
In case the cells in each network are SFN synchronized any solutions means that the absolute timing of the paging of both networks will be the same as before the cell reselection. Thereby the relative timing between the paging in the different networks will be the same as before the cell reselection. 

Un-synchronized SFN
In case the SFN is not synchronized between the cells, the absolute timing of the paging in the network(s) without SFN synchronization will move according the offset of the SFN between the old and the new cell. Thereby this might lead to a paging collision again but that is independent on which solution for paging avoidance is used. 
Observation 5: The behavior during mobility when the SFN is synchronized between the cells or when SFN is not synchronized is equal for all solutions. 

UE POWER CONSUMPTION
One benefit with the solutions with changed UE_ID and the offset to the existing UE_ID is that the UE may steer the paging occasions to be close to each other. With this possibility the power consumption in a MuSIM device idle mode can be optimized since it may only wake up once every DRX cycle to read paging from both networks.
For same operator or a shared RAN the benefits are even more valid since then both paging occasions and measurements can be coordinated between the SIMs, only needing to monitor one paging occasion.
Observation 6: The solutions with changed UE_ID and with an offset to the existing UE_ID may be used to optimize the UE power consumption. 
Proposal 2: Evaluate the possibility to minimize the MuSIM device power consumption by coordinating the paging occasions with a changed UE_ID.
Observation 7: The solutions for paging collision avoidance in RRC_IDLE state also works in RRC_INACTIVE state.
[bookmark: _Hlk510094111]
1. Conclusion
In this contribution, the following observations and proposals are made:

[bookmark: _Ref434066290]Observation 1: The proposal with a changed UE_ID based on UE assistance works for both 5GC and EPC with minor changes of the specifications. The paging occasion is not moving as long as the UE_ID is kept. The UE Power Consumption can be optimized with this solution.
Observation 2: The second proposal, to add an offset to the UE_ID also works for both 5GC and EPC and, requires slightly more modifications of the specifications than the first solution. The paging occasion in 5GC will change when the 5G-GUTI is reallocated which might cause new problems with collisions and power consumption.
Observation 3: The reallocation of 5G-GUTI only works for 5GC, not valid for EPC This solution requires minor changes of the specifications. Without UE assisted new UE_ID the paging position will be moved to a random timing. With UE Assisted new UE_ID the paging position will change after next 5G-GUTI reallocation similar to the second solution.
Observation 4: The solutions for paging collision avoidance in RRC_IDLE state also works in RRC_INACTIVE state.
Observation 5: The behavior during mobility when the SFN is synchronized between the cells or when SFN is not synchronized is equal for all solutions. 
Observation 6: The solutions with changed UE_ID and with an offset to the existing UE_ID may be used to optimize the UE power consumption. 
Observation 7: The solutions for paging collision avoidance in RRC_IDLE state also works in RRC_INACTIVE state.

Proposal 1: Confirm to SA2 that the proposal to change the UE_ID based on UE assistance information is preferred from RAN2 point of view.
Proposal 2: Evaluate the possibility to minimize the MuSIM device power consumption by coordinating the paging occasions with a changed UE_ID.
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