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Abstract of the contribution: solution for paging collision avoidance.
1. Introduction
In LTE, paging frame and paging occasion are calculated based on DRX cycle length, number of POs in the DRX cycle and UE’s IMSI. While in NR, the number of paging frames in a cycle and number of PO per PF are configured directly. An offset for the starting point of each PO can therefore be configured separately as well.
To avoid the paging collision problem, one solution is to request the AMF for a different paging occasion via NAS message, but it is not feasible in NR because AMF cannot decide on its own since each gNB configures its own paging search space and occasions.

This paper proposes a RAN based solution to avoid paging collision. The solution has minimal CN impacts. Some examples of how paging collisions can be avoided in RAN are shown below: 
Paging Repetition in RAN node

For this solution, additional POs or an extended PO can be configured in RAN node.NG-RAN will repeat paging in all occasions and thus the UE can monitor any of the paging occasion. This solution is simple to implement but will bring a paging overhead. 
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Figure 1: Paging repetition in RAN
Randomized paging cycles

When paging occasions are periodic as in legacy, collision will likely be persistent. If the NG-RAN varying the cycle length as depicted in Figure 2, the persistent paging collision can be avoided.   
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Figure 2: Randomized paging cycles

Randomized PF/PO

There is another option is to randomized PF/PO for UE. 

The PF and PO calculation formulae are defined in TS 36.304 for LTE and TS 38.304 for NR/5GS.

Table 1:
PF and PO formulae

	
	LTE (36.304)
	5G (38.304)

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

	PO
	i_s = floor(UE_ID/N) mod Ns
	i_s = floor (UE_ID/N) mod Ns

	
	T: DRX cycle of the UE

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)
	T: DRX cycle of the UE

N: number of total paging frames in T

Ns: number of paging occasions for a PF

PF_offset: offset used for PF determination




As described in TS 38.304, the parameters that used to calculate the PF and PO of paging for UE in 5G are signalled in SIB1. 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. The parameter first-PDCCH-MonitoringOccasionOfPO is signalled in SIB1 for paging in initial DL BWP.
It is different to LTE is that, each NG-RAN can configure its own paging search space, paging occasions and the offset for the starting point of each PO in 5G. It is possible for the gNB to adjust the parameters for PO/PF parameters to avoid persistent paging collisions. Figure 3 is the example to randomize the paging offset for UE.
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UE’s PF as per Additional formula 

(SFN + PF_offset) mod T = (T div N)((UE_ID + PF_offsetDynamic) mod N), 

where PF_offsetDynamic is

PF_offsetDynamic = {(SFN div ShortestDrxCycle) mod 2}.

ShortestDrxCycleis 32.

Hence PF_offsetDynamictoggles between 1 and 0.


Figure 3: Randomized PF/PO

Solutions described above are some examples of RAN to avoid paging collision. The more details depend on RAN’s decision and RAN can also discuss other potential solutions. SA2 only need to focus on clause only in the procedures that indicate RAN to perform paging avoidance for the UE.
2. Proposal
Text below is proposed for TR 23.761.
**********************************************All New Text**************************************

6.X
Solution #X: RAN based paging collision avoidance for NR
6.X.1
Introduction
This solution addresses the key issue #2: Enabling Paging Reception for Multi-USIM Device.
A multi-SIM device with single 1Rx is in the risk of collision of paging reception. The paging collision is that the paging monitoring occasions for different USIMs are overlapping in time domain, and results in missing paging associated with one USIM. 
· 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. 
· UE ID (e.g. GUTI) reallocation may result in PF change but may not change the PF exactly to avoid paging collision 
· UE ID (e.g. GUTI) cannot fix paging collision totally. During the mobility in idle 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.
	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 Figure 6.X.1-1.

	The RAN PO collision is illustrated in the Figure1:
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Figure 6.X.1-1 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 call may be out-of-sync, especially when two USIMs are associated with different operators. 

In order to receive paging, the device need 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.

Hence, UE ID reallocation may result in PF change but may not change the PF exactly to avoid paging collision.

Even if the UE ID reallocation works to move the PF to SFN=4 at least. If only fix the collision between cell1 and cell2. During idle mode, the UE can keep on moving and change its camped cell. And new collision 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 SIM2, 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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Figure 6.X.1-2 PO Collision Reoccur after Cell Re-selection in un-synchronization network
Hence, UE ID reallocation may fix paging collision temporarily. During the mobility in idle 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.


· 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.  
· UE ID (e.g. GUTI) reallocation may result in PF change but may not change the PF exactly to avoid paging collision 
· UE ID (e.g. GUTI) cannot fix paging collision totally. During the mobility in idle 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.
· NR paging collision issue cannot be totally solved by CN via reallocated the UE ID for PO calculation even in synchronization network, e.g. due to per cell PF-offset.
	The PO collision issues of LTE also exist in NR. 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.   


[image: image6.emf]SFN=1022 SFN=1023 SFN=0 SFN=1 SFN=2 SFN=3 SFN=4 SFN=5

SFN=0 SFN=1 SFN=2 SFN=3 SFN=4 SFN=5 SFN=6 SFN=7

SIM1

@Cell1

SIM2

@Cell2

SFN=1022 SFN=1023 SFN=0 SFN=1 SFN=2 SFN=3 SFN=4 SFN=5

SIM1

@Cell3

Prepare 

time

PO calculated based on original UE ID

PO after UE ID 

reallocation

PO after shift


Figure 6.X.1-3 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 occurs 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.


The solution is used for at least one USIM registered in NR/5GC or eLTE/5GC. For the Multi-USIM UE, if one USIM is registered in 5GS and the other USIM registered in EPS, in order to limit the impact to EPS, it is recommended that UE requests paging collision avoidance in 5GS.
For a Multi-USIM UE, in order to avoid the potential paging collision between two USIMs, UE includes a paging collision avoidance indication in the UE network capability and sends to AMF during registration procedure.
During the paging procedure, AMF includes the paging collision avoidance indication in the N2 paging message. RAN can do some optimization to avoid the paging collision. For example, apply paging repetition in the RAN node, randomized paging cycles or randomized PF/PO for the UE. How does RAN perform the paging avoidance depends on RAN’s decision.

6.X.2
Functional Description

6.X.3
Procedures

6.x.3.1
RAN based Paging collision avoidance procedure
Figure 6.x.3.1-1 is the call flow of Paging collision avoidance procedure.
UE reports the paging collision avoidance indication to AMF via NAS message in step 1. Whether paging collision avoidance is allowed or not may be stored in subscription information. 
AMF will indicate to the UE that the paging collision avoidance procedure is accepted/rejected as part of the registration accept message in step 3.

AMF decides to send the paging collision avoidance indication to RAN based on the NAS information received from UE, subscription information, policy information and local configuration.
The AMF may trigger the UE context Modification Request to notify the RAN the UE need paging enhancement.
The AMF includes the paging collision avoidance indication along with N2 paging message to RAN. RAN can decide the mechanism on how to avoid paging collision. 
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Figure 6.x.3.1-1: Paging collision avoidance procedure
Editor’s notes:
The similar mechanism NAS and N2 procedure can be reused for UE registered in EPS. But how does RAN to handle paging collision avoidance is FFS.
6.x.3.2
CN based Paging collision avoidance procedure

The solution is based on including a paging collision avoidance indication for the MUSIM feature in the registration procedure.

The UE may provide an option to the user to dynamically enable or disable the secondary USIM. When the UE changes between single USIM and MUSIM mode, it is allowed by UE to update the paging collision avoidance indication in registration update procedure.

The CN node can use the paging collision avoidance indication to increase the timer used for retrying the paging procedure or extend the number of retry attempts.

6.X.4
Impacts on existing entities and interfaces
RAN based Paging collision avoidance procedure

UDM

- includes if paging collision avoidance is allowed for UE.
PCF
- includes if paging collision avoidance is allowed for UE.
AMF
- receives paging collision avoidance from UE via NAS signalling.

- includes paging collision avoidance in N2 paging message sent to RAN.

UE

- includes paging collision avoidance in NAS message sent from UE to AMF during registration procedure.

RAN

- depend on RAN’s discussion. Out of SA2’s scope.
CN based paging collision avoidance procedure

UE

- includes paging collision avoidance in NAS message sent from UE to AMF/MME during registration procedure.

AMF/MME

- use the paging collision avoidance indication to increase the timer used for retrying the paging procedure or extend the number of retry attempts.
*******************************************End of change***************************************
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