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Discussion and decision
1 Introduction

This contribution aims to address the concerns raised in [1] and proposes using S-TMSI instead of IMSI for the PH and PTW calculation. 
2 Discussion
The impacts when changing the calculations for PH, PTW start and PTW length using "S-TMSI mod 1024" instead of "IMSI mode 1024", which for simplicity is referred as UE_ID_2 and UE_ID_1 respectively for this discussion even when it refers to the same UE.
The Annex shows the details assumed on the simulations and corresponding results. The following 4 options are evaluated which take different approaches to calculate the PH and PTW. The changes between the new options brought up for discussion based on [1] are marked in blue.
Option 1. Legacy procedure for calculating PH and PTW start (using UE_ID = IMSI mod 1024):

· Legacy PTW and PH

· Legacy PTW start  = 256*ieDRX

where  ieDRX = floor(UE_ID/TeDRX) mod 4

Option 2. Legacy procedure for calculating PH and Random PTW start (using UE_ID = IMSI mode 1024)

· Legacy PTW and PH

· Random PTW start = UE_ID

Option 3. New procedure for calculating PH and new random PTW start (using UE_ID_2 = S-TMSI mod 1024)

· New PTW and PH  based on UE_ID_2

· New Random PTW start = UE_ID_2

Option 4. New procedure for calculating PH only (using UE_ID_2 = S-TMSI mod 1024) and Legacy PTW start (using UE_ID = IMSI)

· New PH only based on UE_ID_2

· Legacy PTW start = 256 * ieDRX

where  ieDRX = floor(UE_ID/TeDRX) mod 4

Option 5. New procedure for calculating PH and new legacy PTW start (using UE_ID_2 = S-TMSI mod 1024)

· New PTW and PH based on UE_ID_2

· New PTW start = 256 * ieDRX_2

where  ieDRX_2 = floor(UE_ID_2/TeDRX) mod 4

A summary table is included below which shows that it is beneficial if the UE_ID used in calculating PH (and/or PTW) is not correlated with the UE_ID used in calculating PF(/PO) as this helps distributing the PFs of UEs more uniformly over the SF (as it was also indicated on R2-163790). To understand whether both, PTW and PH calculation needs or not to be changed, options 3, 4 and 5 were analyzed. It is observed that options 3, 4 and 5 could be considered as potential solutions to current issue. To minimize the changes to Rel-13 agreements, option 4 might be preferred; on other hand, option 3's results might look a little more desirable.
Table 1. Summary of statistics when evaluating the PTW/PH calculation 

based on simulations of Annex A. 

	
	Option # 1
	Option # 2
	Option # 3
	Option # 4
	Option # 5

	Maximum no of UEs monitoring same SFN
	325
	345
	63
	69
	77

	Total no. of unused SFN
	364 (35.54%)
	66 (6.44%)
	0
	0
	0

	Mode (Number of UEs monitoring )
	0
	0
	44
	38
	42

	Total number of UEs scheduled for PO in this H-SFN
	19475
	22285
	22204
	19171
	19502


For further analysis, Annex B contains further results fixing a value of DRX and eDRX cycle (T = 128 and TeDRX = 8) and three different nB values were taken to analyze (T, T/4 and T/16)
Table 2. Summary of statistics when evaluating the PH calculation based on simulations of Annex B
	
	Option # 1
	Option # 4
	Option # 1
	Option # 4
	Option # 1
	Option # 4

	
	nB = T
	nB = T/4
	nB = T/16

	Maximum no of UEs monitoring same SFN
	817
	202
	3165
	444
	12550
	1606

	Total no. of unused SFN
	896

 (87.5%)
	0
	992 (96.87%)
	768 

(75%)
	1010 (98.63%)
	960 (93.75%)

	Mode (Number of UEs monitoring )
	0
	105
	0
	0
	0
	0

	Total number of UEs scheduled for PO in this H-SFN
	21655
	21851
	21557
	21910
	22176
	21890


For the TeDRX = 8, it is observed that UEs are roughly 8 times more concentrated on the possible PF/POs when using the same UE_ID vs using a different UE_ID.
As the value of the parameter nB is reduced, UEs are scheduled for PF/PO more densely within the DRX cycle. This is the reason, number of UEs colliding at the same SFN when monitoring the paging increases from 202 to 1606 as the parameter nB is reduced from T to T/16 for Option # 4. This also leads to increased number of unused SFNs. For example, in figure 8 in Annex B (Option # 4 with nB = T/16), there are 8 PFs at the gap of 16 radio frames within 128 radio frames. This leads to 120 unused radio frames within 128 radio frame (or 120*8 = 960 radio frames unused within 1024 radio frames or 1 Hyper frame) which is obtained as expected (shown in table 2) with Option # 4 whereas this is not obtained with Option # 1. 
Figures in Annex B show that PFs/POs are relatively fairly distributed over the hyper-SFN regardless of gap between the PFs/POs (i.e., for all considered values of parameter nB) when values of, nB, T and TeDRX are kept same for all UEs. As it is observed from the table 2 and the corresponding figures in annex B that Option # 4 has benefits over Option # 1. For example, for nB = T/4, maximum number of UEs colliding at a SFN is 3165 for Option # 1 whereas for Option # 4 it is just 444. 
Proposal 1. To update the eDRX PH calculation not to use same UE_ID as for PF/PO calculation (i.e. IMSI).
Proposal 2. To use S-TMSI (e.g. "S-TMSI mod 1024" or a mapping of S-TMSI bits) for the eDRX PH calculation. If so, to send an LS to SA2 and CT1 to take the agreement into consideration.
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4 Annex A
Table 3 Simulation parameters
	Parameter
	Value

	Legacy DRX Cycle
	{128,256,512,1024}

	nB
	T (i.e. nB has same value as legacy DRX cycle)

	eDRX Cycle 
	{2,4,8,16,32,64,128,256,512,1024}

	Paging Window Length
	10.24 sec 

	UE_ID (i.e. IMSI mod 1024)
	 [0,1024)  (for PF/PO)

	UE_ID_2 (i.e. S-TMSI mod 1024)
	 [0,1024)  (for PH and PTW calculation)

	Number of devices
	100,000
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Figure 1 Option # 1: Legacy procedure for calculating PH and legacy procedure for calculating PTW start
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Figure 2 Option #2: Legacy procedure for calculating PH and random PTW start
 (using UE_ID = IMSI mod 1024)
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Figure 3 Option #3: new procedure for calculating PH and new random PTW start
 (using UE_ID_2 = S-TMSI mod 1024)
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Figure 4 Option #4: new procedure for calculating PH (using UE_ID_2 = S-TMSI mod 1024) and 
legacy procedure for calculating PTW start (using UE_ID = IMSI mod 1024)
[image: image5.png]Only new PH calculation (UE_

S-TMSI mod 1024) with legacy procedure for PTW calculation
80 T T T T T T T T

8

30

No. of UEs monitoring SFN for paging

2100 2200 2300 2400 2500 2600 2700 2800 2900 3000
SFN




Figure 5 Option # 5: New procedure for calculating PH and new legacy procedure 
for PTW calculation (UE_ID_2 = S-TMSI mod 1024)
5 Annex B
Table 4 Simulation parameters
	Parameter
	Value

	Legacy DRX Cycle (T)
	128

	nB
	T, T/4, T/16

	eDRX Cycle 
	8

	Paging Window Length
	10.24 sec 

	UE_ID (i.e. IMSI mod 1024)
	 [0,1024)  (for PF/PO)

	UE_ID_2 (i.e. S-TMSI mod 1024)
	 [0,1024)  (for PH and PTW calculation)

	Number of devices
	100,000


[image: image6.png]No. of UEs monitoring SFN for paging

250

200

150

Option #4 (new PH and Legacy procedure for PTW start)

2100

2200

DRX T =128, TeDRX=8,nB =T
T

2300 2400 2500 2600 2700 2800
SFN

2900

3000





Figure 6 Option # 4 with parameter nB = T
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Figure 7 Option # 4 with parameter nB = T/4
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Figure 8 Option # 4 with parameter nB = T/16
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Figure 9 Option # 1 with parameter nB = T
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Figure 10 Option # 1 with parameter nB = T/4
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Figure 11 Option # 1 with parameter nB = T/16
