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Introduction 
The work items for the Multi-SIM Feature for LTE and NR have been approved by RAN and SA plenaries and are now in the work programme for Release 17. 
SA2 has made progress on multiple potential solutions and they are expected to ask for RAN 2 feedback on several of them,
The SA2 work is currently collated in TR 23.761, which had reached version 0.4.0 in June 2020. Further updates to this TR are expected to be made as a result of the SA2 meeting in August.
This document addresses TR 23.761 Solution #16 which relates to the EPC/LTE aspects of Key Issue 2 “Enabling Paging Reception for Multi-USIM Device”. 
Note: 	Some aspects of this document might also be useful in providing feedback to TR 23.761 solution #14: “Paging collision avoidance by changing NAS parameters”.
TR 23.761 indicates that Solution #16 is intended to not impact the LTE RAN, but it indicates that SA2 needs RAN 2 advice in order to design the MME and UE functionality. 
In this contribution we attempt to provide information that can help RAN 2 provide the relevant advice to SA2. 
Current Problem 
The Key Issue 2 discussed in TR 23.761 deals with both 5G Core, EPS, and ’mixed’ situations, for a UE that is idle on both USIMs and for which the paging occasions collide in time. In conventional scenarios this can lead to unsuccessful paging on the other paging channel(s).  The solution presented in this technical contribution only deals with the EPS solution.
The following Section 2.1 is an extract from SA2 TR23.761 V0.4.0:
[bookmark: _Ref46415690]Key Issue 2: Enabling Paging Reception for Multi-USIM Device 
[bookmark: _Toc23232147][bookmark: _Toc23238455][bookmark: _Toc23239061][bookmark: _Toc23244481][bookmark: _Toc26520129][bookmark: _Toc26530867][bookmark: _Toc26530917][bookmark: _Toc26530966][bookmark: _Toc30685073][bookmark: _Toc31014348][bookmark: _Toc31109389][bookmark: _Toc31109459][bookmark: _Toc31109550][bookmark: _Toc43819863][bookmark: _Toc43882345][bookmark: _Toc43882519]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 1:	The exact timing of paging on the radio interface is managed by RAN, therefore coordination with the RAN Groups will be necessary.
-	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.
NOTE 2:	For this key issue, coordination with RAN WGs is needed for final solution decision. No E-UTRA radio interface impact is expected in RAN WGs.
*** end of extract from TR 23.761 ***
For this key issue one of the solution candidates is solution 16. See the following Figure 1
[bookmark: _GoBack][image: ]
[bookmark: _Ref45883842]Figure 1 Multi-SIM UE camped on two networks

For this comparison we are using the terminology in TS 36.304 clause 7. Figure 2 shows an example of Paging Occasion collision:
[image: ]
[bookmark: _Ref45882891]Figure 2 Paging Collision of a Multi-SIM UE

One way to circumvent this collision is to move the Paging Occasion in one of the networks to another Frame and/or to another Sub-Frame, see following Figure 3.
[image: ]
[bookmark: _Ref45883065]Figure 3 Paging Collision is avoided by shifting the Paging Frame of one of the SIMs 
As specified in clause 7.1 of TS 36.304 and TS 38.304, and, as can be observed from the calculations that are presented in the Technical Annex, for both LTE and NR cases, the Paging Frame and Sub-Frame of the Paging Occasion are calculated from SFN, DRX Cycle, UE Identity, and nB (which relates to the amount of paging capacity allocated in the eNB). 
SFN and nB are parameters that the UE cannot influence. The UE can request a different DRX cycle, but, as all the DRX cycles are a multiple of the smaller ones, changing the DRX value will not avoid paging collisions.

Solution Proposal #16 in TR 23.761: 
In this proposed solution the UE and the MME negotiate an offset to the UE Identity Index Value sent in the S1-AP paging messages and used in the UE’s calculation of the Paging Occasion. 
See the following Figure 4
[image: ]
[bookmark: _Ref45883171]Figure 4 Solution #16 from TR 23.761 
The sequence of the events are as follows: 
· UE detects Paging Occasion clash and decides upon what ‘offset’ will solve the clash.
(For a device with three or four SIMs, multiple PO clashes may need to be avoided and hence the UE may need a set of offset values to choose from) .
· UE sends a Tracking Area Update to one of the MMEs requesting a specific Offset Value. 
· MME accepts or rejects the new Offset Value (Typically only MMEs that do not support the feature would reject the offset value) 
· MME signals its agreement to use the new Offset Value to the UE in the Tracking Area Update Accept 
· UE sends Tracking Area Update Complete message back to the MME and, upon entering RRC IDLE the UE uses the Offset values in its calculation of its Paging Occasion.
· In S1-AP Paging messages, the MME sets the UE Identity to “(IMSI + Offset) MOD 1024”. Upon receiving the S1-AP paging message, the RAN acts according to legacy specifications (i.e. no RAN changes are needed).
The signalling flow required to implement these changes is as follows:
[image: ]
Figure 5 Signalling Flow of the SA2's Proposed Solution #16
 
Anticipated SA2 Request:
Based on this flow we anticipate SA2 requiring guidance on offset value that would cause a shift of PO. The current version 0.4.0 of TR 23.761 suggests that offset values based on prime numbers i.e. 1, 3, 5, 7, 11 etc. may be appropriate. This document investigates it further. 
Paging Occasions and Applied IMSI Shift
The Technical Annex to this document shows (in Table 6 and Table 7) how the Paging Occasion changes for an example IMSI and a set of offset values.
For brevity, four extreme cases i.e. DRX=32 and DRX=256, and nB=4T and nB=T/16, are illustrated below. 
In the following tables, SFN denotes System Frame Number and i_s determines the sub-frame number. 
[bookmark: _Ref46327854]Table 1 Paging Occasions for DRX=32, nB=4T=128, for ascending values of the IMSI
	DRX=T=32
	
	
	
	
	
	
	

	nB=4T=128
Ns =4
	
	
	
	
	
	
	

	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI + 32

	First PO, SFN
	10
	11
	12
	13
	15
	17
	10

	Next PO, SFN
	42
	43
	44
	45
	47
	49
	42

	
	
	
	
	
	
	
	

	i_s
	3
	3
	3
	3
	3
	3
	0




[bookmark: _Ref46327861]Table 2 Paging Occasions for DRX=32, nB=T/16=2, for ascending values of the IMSI
	DRX=T=32
	
	
	
	
	
	
	

	nB=T/16=2
Ns=1
	
	
	
	
	
	
	

	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+32

	First PO, SFN
	0
	16
	0
	16
	16
	16
	0

	Next PO, SFN
	32
	48
	32
	48
	48
	48
	32

	
	
	
	
	
	
	
	

	i_s
	0
	0
	0
	0
	0
	0
	0










[bookmark: _Ref46327752]Table 3 Paging Occasions for DRX=256, nB=4T=1024, for ascending values of the IMSI
	DRX=T=256
	
	
	
	
	
	
	

	nB=4T=1024
Ns=4
	
	
	
	
	
	
	

	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+256

	First PO, SFN
	234
	235
	236
	237
	239
	241
	234

	Next PO, SFN
	490
	491
	492
	493
	495
	497
	490

	
	
	
	
	
	
	
	

	i_s
	2
	2
	2
	2
	2
	2
	3



[bookmark: _Ref46327825]Table 4 Paging Occasions for DRX=256, nB=T/16=16, for ascending values of the IMSI
	DRX=T=256
	
	
	
	
	
	
	

	nB=T/16=16
Ns=1
	
	
	
	
	
	
	

	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+256

	First PO, SFN
	160
	176
	192
	208
	240
	16
	160

	Next PO, SFN
	416
	432
	448
	464
	496
	272
	416

	
	
	
	
	
	
	
	

	i_s
	0
	0
	0
	0
	0
	0
	0



By reference to the Table 1- Table 4, we can observe that by shifting one UE Identity value by 1-7, the Paging Occasion’s System Frame is moved up, generally alleviating the PO clash.  We can observe from the lowest case, i.e. DRX=32 and nB=T/16=2 , see Table 2, there are only 2 paging occasions per DRX period we have limited choice of IMSI value, where addition of 1, 3, 5 and 7 produce the same result and IMSI+2, has no effect in PO shifting. For higher DRX=256 we can observe from Table 3 and Table 4, that for both nB=4T and nB=1/16 we still have enough choices along the frames to allocate the next PO. See following Figure 6
Observation 1: Increasing IMSI by 1 changes the System Frame Number (and does not normally change the sub frame number) 
Observation 2: Increasing the IMSI by the DRX value results in the PO staying in the same SFN but changes the subframe number (when Ns>1).
Observation 3: Section 7 of TS 36.340 uses the same calculations for both TDD and FDD cases. Hence observations 1 and 2 also apply to LTE TDD scenarios. 
Observation 4: for the extreme case of DRX=32 and nB=T/16=2 (see Table 2), there are only 2 Paging Occasions per DRX period. If this rare network configuration is used by 3 or 4 networks, then a 3 or 4 SIM device might not be able to resolve all paging occasion collisions. 
Observation 5: an offset value set of {1, 2, 3, 4} is sufficient for up to quad SIM device, and, is slightly better than using a set of prime numbers.
Observation 6: if there is a systematic clash of NR and LTE paging occasions, shifting the SFN of the LTE paging occasion (e.g. by offsetting the IMSI by 1) will remove the clash
Proposal 1: RAN 2 should reply to SA2 to indicate that the IMSI offset solution can work, and, that an offset value set of {1, 2, 3, 4} is appropriate.
[image: ]
[bookmark: _Ref45883451]Figure 6 Paging Frames of regular IMSI and shifted IMSI values, for an example IMSI 
[bookmark: _Ref46328159]Table 5 Ns and i_s values: extract from TS 36.304 Section 7.2
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9



The following Figure 7- Figure 10 illustrate the Paging Frames and Subframes for the Paging Occasions in the examples above for an example IMSI and “IMSI+1”: 

[image: ]
[bookmark: _Ref46328256]Figure 7 Location of the Paging Occasions for IMSI and IMSI+1 of two UEs, DRX=32, nB=4T

[image: ]
Figure 8 Location of the Paging Occasions for IMSI and IMSI+1 of two UEs, DRX=32, nB=T/16


[image: ]
Figure 9 Location the Paging Occasions for IMSI and IMSI+1 of two UEs, DRX=256, nB=4T
[image: ]
[bookmark: _Ref46328265]Figure 10 Location the Paging Occasions for IMSI and IMSI+1 of two UEs, DRX=256, nB=T/16





Discussion and Conclusions
In this technical discussion we have demonstrated that the solution proposed by SA2, i.e. shifting the value of IMSI, is a practical solution to the problem of Paging Frame Collision between the two IMSIs.
In our analysis we have made the following observations:
Observation 1: Increasing IMSI by 1 changes the System Frame Number (and does not normally change the sub frame number) 
Observation 2: Increasing the IMSI by the DRX value results in the PO staying in the same SFN but changes the subframe number (when Ns>1).
Observation 3: Section 7 of TS 36.340 uses the same calculations for both TDD and FDD cases. Hence observations 1 and 2 also apply to LTE TDD scenarios. 
Observation 4: for the extreme case of DRX=32 and nB=T/16=2 (see Table 2), there are only 2 Paging Occasions per DRX period. If this rare network configuration is used by 3 or 4 networks, then a 3 or 4 SIM device might not be able to resolve all paging occasion collisions. 
Observation 5: an offset value set of {1, 2, 3, 4} is sufficient for up to quad SIM device, and, is slightly better than using a set of prime numbers.
Observation 6: if there is a systematic clash of NR and LTE paging occasions, shifting the SFN of the LTE paging occasion (e.g. by offsetting the IMSI by 1) will remove the clash
From our studies it can be concluded that solution proposed by SA2 is a practical mechanism to shift the PO to avoid collision. Moreover, the proposed solution has no impact on the RAN as it is the MME that is modified while still providing “Release 8” compliant S1-AP signalling to the RAN.  
The calculation spreadsheet is attached with this contribution 
Proposal 1: RAN 2 should reply to SA2 to indicate that the IMSI offset solution can work, and, that an offset value set of {1, 2, 3, 4} is appropriate.
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[bookmark: _Ref46328372]Technical Annex
In this section the Paging Occasion (PO) Calculation for LTE are presented for DRX cycles of 32, 64, 128 and 256. The calculations are based on the calculations shown in TS 36.304 Section 7.1. For brevity two examples of DRX=32 and DRX-256 have been presented respectively, see following Table 6 and Table 7.  
An example IMSI with the value of 235999876543210 is used for these calculations. 

The Spreadsheet used for these calculations are attached with this contribution.

[bookmark: _Ref46237076]Table 6 Paging Occasion Calculations for DRX=32 and for ascending IMSI values
	nB=4T
	128
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	4
	First PO, SFN
	10
	11
	12
	13
	15
	17
	10

	
	
	Next PO, SFN
	42
	43
	44
	45
	47
	49
	42

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	3
	3
	3
	3
	3
	3
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=2T
	64
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	NS
	2
	First PO, SFN
	10
	11
	12
	13
	15
	17
	10

	
	
	Next PO, SFN
	42
	43
	44
	45
	47
	49
	42

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	1
	1
	1
	1
	1
	1
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T
	32
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	10
	11
	12
	13
	15
	17
	10

	
	
	Next PO, SFN
	42
	43
	44
	45
	47
	49
	42

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/2
	16
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	20
	22
	24
	26
	30
	2
	20

	
	
	Next PO, SFN
	52
	54
	56
	58
	62
	34
	52

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/4
	8
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	8
	12
	16
	20
	28
	4
	8

	
	
	Next PO, SFN
	40
	44
	48
	52
	60
	36
	40

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/8
	4
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	16
	24
	0
	8
	24
	8
	16

	
	
	Next PO, SFN
	48
	56
	32
	40
	56
	40
	48

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/16 
	2
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	0
	16
	0
	16
	16
	16
	0

	
	
	Next PO, SFN
	32
	48
	32
	48
	48
	48
	32

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	













[bookmark: _Ref46237086]Table 7 Paging Occasion Calculations for DRX=256 and for ascending IMSI values
	nB=4T
	1024
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	4
	First PO, SFN
	234
	235
	236
	237
	239
	241
	234

	
	
	Next PO, SFN
	490
	491
	492
	493
	495
	497
	490

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	2
	2
	2
	2
	2
	2
	3

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=2T
	512
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	NS
	2
	First PO, SFN
	234
	235
	236
	237
	239
	241
	234

	
	
	Next PO, SFN
	490
	491
	492
	493
	495
	497
	490

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	1

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T
	256
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	234
	235
	236
	237
	239
	241
	234

	
	
	Next PO, SFN
	490
	491
	492
	493
	495
	497
	490

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/2
	128
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	212
	214
	216
	218
	222
	226
	212

	
	
	Next PO, SFN
	468
	470
	472
	474
	478
	482
	468

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/4
	64
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	168
	172
	176
	180
	188
	196
	168

	
	
	Next PO, SFN
	424
	428
	432
	436
	444
	452
	424

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/8
	32
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	80
	88
	96
	104
	120
	136
	80

	
	
	Next PO, SFN
	336
	344
	352
	360
	376
	392
	336

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	nB=T/16 
	16
	
	IMSI
	IMSI+1
	IMSI+2
	IMSI+3
	IMSI+5
	IMSI+7
	IMSI+DRX 

	Ns
	1
	First PO, SFN
	160
	176
	192
	208
	240
	16
	160

	
	
	Next PO, SFN
	416
	432
	448
	464
	496
	272
	416

	
	
	
	
	
	
	
	
	
	

	
	
	Subframe (i_s) 
	0
	0
	0
	0
	0
	0
	0
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