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In Nov. 2020, RAN1 agreed to introduce paging early indication (PEI), and sent a LS [1] to RAN2, including the following RAN1 agreements:
	Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS


RAN2 discussed UE grouping issue in last meeting but no conclusion was made. Companies’ views were summarized as the following notes.
	There is support to have UE ID based enhancement
There is still significant interest to have other additional methods (but also some concerns). The approach to have a single mechanism that can take several aspects into account can be a way forward. There are still questions on the details, e.g. whether CN or RAN would provide a parameter. 


In this contribution, we discuss more details about how UEs should be grouped when PEI is introduced.
Discussion
Device-aware UE Grouping
If UEs monitoring the same paging occasion (PO) are further divided into subgroups, UE may save some power due to lower “false alarm” rate. There are different way to group UEs. An intuitive way is grouping based on UE_ID, however, it is pure random grouping, and is equivalent to dividing UEs into more subgroups using existing PF/PO formula (i.e. setting larger N and Ns values). 
In this section, we show UE power consumptions calculated based on RAN1 evaluation methodology in [2]. We consider the ‘low-SINR’ case, as illustrated below.
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Figure 1.	Timeline for paging reception
We first consider UE grouping based on paging probability.
· In Case A, we model smartphones with higher (1%) individual paging rate and IoT devices with lower (0.1%) paging rate shoring the same PO. The small number of UEs (10 in each group) leads to low overall paging rate (around 10%).
· In Case B, we model a “smartphones + IoT devices” scenario similar to case A, but with 100 UEs in each group, which leads to high overall paging rate (above 60%).
The power saving gain (PSG) values for different cases are shown in Table 1. We consider the PSG of such “device-aware” UE grouping methods over pure PEI (no UE grouping) and over PEI with random grouping (UE_ID based). 
Table 1	Power consumption of UE Grouping based on Paging Probability
	Case
	Group (individual UE paging rate, #UE)
	subgroup paging rate (load)
	Overall paging rate (load)
	PSG over PEI
	PSG over “PEI + UE_ID based Grouping”

	A
	G1 (0.01, 10)
G2 (0.001,10)
	9.56%
1.00%
	10.46%
	2.47%
4.33%
	0.20%
2.11%

	B
	G1 (0.01, 100)
G2 (0.001,100)
	63.40%
9.52%
	66.88%
	12.28%
21.69%
	0.69%
11.34%



We have the following observations:
· UE grouping brings power saving gain over pure PEI.
· For less-frequently paged UEs, UE grouping considering paging rate brings power saving gain over UE_ID based grouping. With low paging load, there is around 2% gain (Case A), and when paging load is high, the gain can be above 10% (Case B).
Observation 1:	UE grouping brings power saving gain over pure PEI.
Observation 2:	For less-frequently paged UEs, UE grouping considering paging rate brings power saving gain over UE_ID based grouping.
Then we consider UE grouping based on power consumption profile.
· In Case C, 100 UEs are divided into two groups of unequal sizes. G1 contains only 10 power-sensitive UEs, while other 90 UEs are in G2.
· In Case D, 100 UEs are equally divided into two groups, based on UE_ID. 
· In Case E, 100 UEs are equally divided into four groups, based on UE_ID.  
The power saving gain (PSG) values for the two cases are shown in Table 2.  
Table 2		Power consumption of UE groups with different sizes
	Case
	#Groups 
	Group (individual UE paging rate, #UE)
	Subgroup paging rate (load)
	Overall paging rate (load)
	PSG over PEI

	C
	2
	G1 (0.01, 10)
G2 (0.01, 90)
	9.56%
59.53%
	63.40%
	20.72%
11.89%

	D
	2
	G1 (0.01, 50)
G2 (0.01, 50)
	39.50%
39.50%
	63.40%
	15.43%
15.43%

	E
	4
	G1 (0.01, 25)
G2 (0.01, 25)
G3 (0.01, 25)
G4 (0.01, 25)
	22.22%
22.22%
22.22%
22.22%
	63.40%
	20.44%
20.44%
20.44%
20.44%



We have the following observations:
· With the same individual paging rate, more power can be saved for UEs in a smaller group. 
· With UE_ID based grouping, more groups are needed for specific group of UEs (e.g. power-sensitive UEs) to achieve the same power saving. For example, for G1 UEs in case C, around 20% PSG over PEI can be achieved with two groups, but four groups are needed for these UEs to save similar power in Case E. This means more physical resource for PEI transmission. 
Observation 3:	With the same individual paging rate, more power can be saved for UEs in a smaller group.
Observation 4:	With UE_ID based grouping, more groups are needed for specific group of UEs (e.g. power-sensitive UEs) to achieve the same power saving.   
Network-assigned UE Grouping
Our examples in previous section consider UE grouping based on paging probability and UE sensitivity to power consumption, and shows power saving gain of such device-aware grouping method over UE_ID based grouping. In this section, we discuss how UE knows the group it belongs to. We see the following options:
· Option 1: UE is aware of its own device characteristics (e.g. paging probability information or power consumption profile), based on which UE calculates the group it belongs to. This is the method adopted in Rel-16 UE-group wakeup signal (WUS), where each UE is provided with paging probability information, and network configures thresholds to group UEs based on paging probability. 
· Option 2: Network directly assigns the group to each UE.
As discussed in [3], many factors may be considered for UE grouping. If UE needs to know the details for selecting its group, the configuration can be complicated. Option 2 allows the network to hide the details and provide flexible UE grouping. For example, the network may first divide the UEs into power-sensitive vs. power-non-sensitive group, and then the power-sensitive UEs are further divided into frequently vs. rarely paged UEs (i.e. totally three groups). Therefore, we prefer that the network directly assigns the group to each UE.
Proposal 1:	Paging group of each UE is assigned by network directly. 
The UE group assignment may be done by CN or RAN. Our understanding is that UE grouping should not change much within a registration area, otherwise the UE may not know which group it belongs to upon reselection to another cell. Therefore, it would be simpler to have CN assign the group to each UE. SA2 confirmation is needed. We suggest RAN2 having some discussion on RAN vs. CN paging grouping.
Proposal 2:	RAN2 to discuss paging group assignment by CN vs. RAN.
Notice that if cell-level UE grouping flexibility (i.e. having different numbers of groups across cells) is needed, a second stage grouping (e.g. based on UE_ID) may be considered. 
Conclusion
This contribution discussed the paging enhancements with UE-group PEI for UE power saving in NR. We have the following observations:
Observation 1:	UE grouping brings power saving gain over pure PEI.
Observation 2:	For less-frequently paged UEs, UE grouping considering paging rate brings power saving gain over UE_ID based grouping.
Observation 3:	With the same individual paging rate, more power can be saved for UEs in a smaller group.
Observation 4:	With UE_ID based grouping, more groups are needed for specific group of UEs (e.g. power-sensitive UEs) to achieve the same power saving.   
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Paging group of each UE is assigned by network directly. 
[bookmark: _GoBack]Proposal 2:	RAN2 to discuss paging group assignment by CN vs. RAN.
Reference
[1] R1-2009801, LS on Paging Enhancement, RAN1
[2] R1-2007425, LS on evaluation methodology for UE power saving enhancements, RAN1
[3] R2-2100389, Report of [POST112-e][064][Pow17] Group Determination (Intel)
3

image1.png
Saved with PEI if
not paged

P e T —— -

PO

1
Deep Sleep Deep Sleep .
Time




