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1 Introduction

In RAN#80, new WI on Rel-16 eMTC and NB-IoT enhancements were agreed [1][2]. The following objective is included in both of these two WID: 
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

In this paper, we only discuss how to define the UE_ID based grouping formula. We will do some detailed analysis on the distribution characteristics of the UE_IDs, for NB-IoT and eMTC separately and then give general principles for the formula definition. The result will be included in another contribution [4] which provide complete analysis for UE grouping WUS.
2 Discussion

Initial analysis

In last RAN2 meeting, we already assume UE_ID can be supported for further UE grouping. In [3], a simple formula has been given as following with the assumption there are X sub groups:

UE sub-group ID=floor (UE_ID/(N*Ns)) mod X

Here UE_ID are the ID of the UEs which have performed paging narrowband/carriers, PF, PO selection and finally are related to a same PO. So it’s easy to observe that these UE_IDs are discretely distributed. 
If the UE grouping formula is based on only UE_ID, it may cause that the UEs monitoring the same PO unevenly distribute in each group and there may have the negative impact on the effect of UE grouping, e.g., the proportion of false awakening is still high in the group with many more UEs. Therefore, the further grouping algorithm cannot be based on only UE_ID and optimization is needed.

We think the above formula is a good start point for further discussion. For the convenience of discussion later, we abstract this formula into the following form:

UE sub-group ID=floor (UE_ID/A) mod B,

Here A is a factor to divide the target UE_IDs and B is the number of sub groups. It’s easy to understand that only when the result of floor (UE_ID/A) are continuous natural numbers, such formula can uniformly distribute all the related UEs into B sub groups. If the result of floor (UE_ID/A) are discontinuous, the result of grouping will be uncertain. For example, with the above formula in [3], the result of floor (UE_ID/(N*Ns)) would be even in some configuration. If the number of sub groups X is also even, e.g., 2, then the UE sub-group ID for all the target UEs would be same, that is 0.

In order to find a suitable A which can make floor (UE_ID/A) always continuous natural numbers, we need to firstly analyze the UE_ID distribution characteristic in paging case.
In the following, we give examples to show our observation on the UE_ID distributions per PO resources for NB-IoT and eMTC separately.

Table 1: the pre-conditions
	Factors
	eMTC
	NB-IoT

	T
	64 
	64 

	nB
	2T=128
	2T=128

	N
	min(T, nB) = 64 
	min(T, nB) = 64 

	Ns
	max(1, nB/T)=2 
	max(1, nB/T)=2  

	N*Ns(total POs)
	128
	128

	Number of paging narrowbands
	Nn=2
	N/A

	Number of paging carriers
	N/A
	2:

W(0) for the first paging carrier C0 = 1

W(1) for the second paging carrier C1 = 3 

W= W(0)+W(1) =4

	UE-ID
	0~16383
	0~16383

	The existing formula:


	PNB: PNB = floor(UE_ID/(N*Ns)) mod Nn 

PF: SFN mod T= (T div N)*(UE_ID mod N)

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


	Paging carrier index:

The smallest index n (0 ≤ n ≤ Nn-1) fulfilling the following equation:

floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)

PF: SFN mod T= (T div N)*(UE_ID mod N)

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


#case 1: eMTC

Based on Table 1, we can calculate the PNB, PF and PO for any certain eMTC UE, like the following:

For UE_ID=0, its: PNB=0, its PF=0, i_s for PO=0;

For UE_ID=1, its: PNB=0, its PF=1, i_s for PO=0;

…….

For UE_ID=63, its PNB=0, its PF=63, i_s for PO=0;

For UE_ID=64, its PNB=0, its PF=0, i_s for PO=1;

…….

For UE_ID=127, its PNB=0, its PF=63, i_s for PO=1;

For UE_ID=128, its PNB=1, its PF=0, i_s for PO=0;

…….

For UE_ID=191, its PNB=1, its PF=63, i_s for PO=0;

For UE_ID=192, its PNB=1, its PF=0, i_s for PO=1;

……

For UE_ID=255, its PNB=1, its PF=63, i_s for PO=1;

For UE_ID=256, its PNB=0, its PF=0, i_s for PO=0;

……

Based on the above calculation, we can summary the UE_ID segmentations according to PNB, PF and PO in the following Table 2. Here if we divide all the UE_IDs into some groups according to the number of total PO resources (e.g., N*Ns) in a DRX cycle, there will be 128 groups. All the groups will be equally divided into two paging carriers (PNBs), e.g., the group of UE_IDs whose index is even will be in PNB=0, and the group of UE_IDs whose index is odd will be in PNB=1.

Table 2a: UE_ID segmentations per PNB for eMTC
	
	UE_ID in PNB=0
	UE_ID in PNB=1

	PF=0~63, PO=0 or PO=1
	UE_ID=0 ~ UE_ID= 127 
(UE_ID group_index = 0)

UE_ID=256 ~ UE_ID=383

(UE_ID group_index = 2)

UE_ID=512 ~ UE_ID=639
(UE_ID group_index = 4)

UE_ID=768 ~ UE_ID=895

(UE_ID group_index = 6)

……..
	UE_ID=128 ~ UE_ID=255 
(UE_ID group_index = 1)

UE_ID=384 ~ UE_ID=511 
(UE_ID group_index = 3)

UE_ID=640 ~ UE_ID=767
(UE_ID group_index = 5)

UE_ID=896 ~ UE_ID=1023
(UE_ID group_index = 7)

…….


Based on Table 2, we further list the UE_IDs which belong to a certain PF and PO in PNB=0 in the following Table 3a. The relationship among these UE_IDs is summarized.
Table 3a: Relationship of the UE_IDs which belonging to a certain PF and PO in PNB = 0 for eMTC
	PNB=0

	PF=4
	PF=5
	PF=6

	i_s for PO=0
	i_s for PO=1
	i_s for PO=0
	i_s for PO=1
	i_s for PO=0
	i_s for PO=1

	UE_ID-0 = 4

UE_ID-1 = 260

……
	UE_ID-0 = 68

UE_ID-1 = 324

……
	UE_ID-0 = 5

UE_ID-1 = 261

UE_ID-2 = 517

……

UE_ID-n = UE_ID-n-1 + (N*Ns*Nn)

……
	UE_ID-0 = 69

UE_ID-1 = 325

UE_ID-2 = 581

……

UE_ID-n = UE_ID-n-1 + (N*Ns*Nn)

……
	UE_ID-0 = 6

UE_ID-1 = 262

……
	UE_ID-0 = 70

UE_ID-1 = 326

……


#case 2: NB-IoT
Based on Table 1 and with reference to the calculation in eMTC, we can calculate the paging carrier index, PF and PO for any certain NB-IoT UE, like the following:

For UE_ID=0, its: carrier_index =0, its PF=0, i_s for PO=0;

For UE_ID=1, its: carrier_index =0, its PF=1, i_s for PO=0;

…….

For UE_ID=63, its carrier_index =0, its PF=63, i_s for PO=0;

For UE_ID=64, its carrier_index =0, its PF=0, i_s for PO=1;

…….

For UE_ID=127, its carrier_index =0, its PF=63, i_s for PO=1;

For UE_ID=128, its carrier_index =1, its PF=0, i_s for PO=0;

…….

For UE_ID=191, its carrier_index =1, its PF=63, i_s for PO=0;

For UE_ID=192, its carrier_index =1, its PF=0, i_s for PO=1;

……

For UE_ID=255, its carrier_index =1, its PF=63, i_s for PO=1;

For UE_ID=256, its carrier_index =1, its PF=0, i_s for PO=0;

……

For UE_ID=319, its carrier_index =1, its PF=63, i_s for PO=0;

For UE_ID=320, its carrier_index =1, its PF=0, i_s for PO=1;

……

For UE_ID=383, its carrier_index =1, its PF=63, i_s for PO=1;

For UE_ID=384, its carrier_index =1, its PF=0, i_s for PO=0;

……

For UE_ID=447, its carrier_index =1, its PF=63, i_s for PO=0;

……

Based on the above calculation, we can summary the UE_ID segmentations according to paging carriers, PF and PO in the following Table 2b. Here if we divide all the UE_IDs into some groups according to the number of total PO resources (e.g., N*Ns) in a DRX cycle, there will be 128 groups. All the groups will be divided into two paging carriers (PNBs) according to their weights, e.g., the group of UE_IDs whose index module 4(the total weights) is zero will be in paging carrier C0, and the group of UE_IDs whose index module 4(the total weights) isn’t zero will be in paging carrier C1.

Table 2b: UE_ID segmentations per paging carrier for NB-IoT
	
	UE_ID in paging carrier C0(W(0)=1)
	UE_ID in paging carrier C1(W(1)=3)

	PF=0~63, PO=0 or PO=1
	UE_ID=0 ~ UE_ID= 127 
(UE_ID group_index = 0)

UE_ID=512 ~ UE_ID=639
(UE_ID group_index = 4)

UE_ID=1024 ~ UE_ID=1151

(UE_ID group_index = 8)

……
	UE_ID=128 ~ UE_ID=255 
(UE_ID group_index = 1)

UE_ID=256 ~ UE_ID=383

(UE_ID group_index = 2)

UE_ID=384 ~ UE_ID=511 
(UE_ID group_index = 3)

UE_ID=640 ~ UE_ID=767
(UE_ID group_index = 5)

UE_ID=768 ~ UE_ID=895

(UE_ID group_index = 6)

UE_ID=896 ~ UE_ID=1023
(UE_ID group_index = 7)

…….




Based on Table 2b, we further list the UE_IDs which belong to a certain PF and PO in paging carrier C0 for NB-IoT in the following Table 3b. The relationship among these UE_IDs is summarized.
Table 3b: Relationship of the UE_IDs which belonging to a certain PF and PO in paging carrier C0 for NB-IoT
	UE_ID in paging carrier C0(W(0)=1)

	PF=4
	PF=5
	PF=6

	i_s for PO=0
	i_s for PO=1
	i_s for PO=0
	i_s for PO=1
	i_s for PO=0
	i_s for PO=1

	UE_ID-0 = 4

UE_ID-1 = 516

……
	UE_ID-0 = 68

UE_ID-1 = 580

……
	UE_ID-0 = 5

UE_ID-1 = 517

UE_ID-2 = 1029

……

UE_ID-n = UE_ID-n-1 + (N*Ns*W)

……
	UE_ID-0 = 69

UE_ID-1 = 581

UE_ID-2 = 1093

……

UE_ID-n = UE_ID-n-1 + (N*Ns*W)

……
	UE_ID-0 = 6

UE_ID-1 = 518

……
	UE_ID-0 = 70

UE_ID-1 = 582

……


Summary
In Table 3a and Table 3b, the UE_IDs which belonging to a certain PF and PO in a certain PNB or a paging carrier would be the target UE_IDs for further grouping, e.g., the target UE_IDs in the formula floor(UE_ID/A). With the summarized relationship among these UE_IDs, we can see the difference between any two UE_IDs is always a multiple of (N*Ns*Nn)(for NB-IoT) or (N*Ns*W)(for NB-IoT). Then the way to make floor (UE_ID/A) continuous natural numbers is to let UE_ID is divided by (N*Ns*Nn) or (N*Ns*W). 

Based on all the above examples and analysis, we have the following proposals:
Proposal 1: It’s suggested to introduce the following UE_ID based grouping scheme: 
UE sub-group ID=floor (UE_ID/A) mod B,

For eMTC:  A= N*Ns*Nn

For NB-IoT: A= N*Ns*W

Where:  

-  UE_ID: IMSI mod 16384 
-  B: the number of WUS group 
-  N: min(T,nB) 
-  Ns: max(1,nB/T) 
-  Nn: the number of paging narrowbands (for P-RNTI monitored on MPDCCH) provided in SIB
-  W: total weight of all NB-IoT paging carriers
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Proposal 1: It’s suggested to introduce the following UE_ID based grouping scheme: 
UE sub-group ID=floor (UE_ID/A) mod B,

For eMTC:  A= N*Ns*Nn

For NB-IoT: A= N*Ns*W

Where:  

-  UE_ID: IMSI mod 16384 
-  B: the number of WUS group 
-  N: min(T,nB) 
-  Ns: max(1,nB/T) 
-  Nn: the number of paging narrowbands (for P-RNTI monitored on MPDCCH) provided in SIB

-  W: total weight of all NB-IoT paging carriers
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