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1. Introduction

In RAN#86 and RAN#88-e, a new Rel-17 work item on UE power saving enhancement for NR was approved and revised in [1]. One objective of the UE power saving enhancements WID is as below:
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting

……


In this contribution, we will discuss some solutions for group-based paging method to reduce unnecessary UE paging receptions.
2. Discussion on group-based paging method
2.1. Group-based paging
One objective in the WID is paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs. In legacy NR, the UE may use DRX in RRC_IDLE and RRC_INACTIVE states in order to reduce power consumption. In RRC_IDLE, the UE monitors the paging channel for CN-initiated paging. In RRC_INACTIVE, the UE also monitors paging channel for both CN- and RAN-initiated paging. A UE needs not monitor paging channel continuously. UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channel during one Paging Occasions (PO) per DRX cycle. 

According to the current mechanism, the UE anyway needs to monitor each paging occasion to check whether there is paging or which UE the paging is for. In order to reduce some unnecessary paging monitor in idle mode, sequence-based wake-up signalling (WUS) is introduced for NB-IoT and MTC UE. WUS is designed for a group of UEs per PO. If UE receives WUS, the UE will continue to monitor the subsequent paging PDCCH and potential paging message. Otherwise (UE does not receive WUS), the UE will go to sleep until the next WUS occasion. In Rel-16 power saving WID, PDCCH-based wake-up signaling (DCP) is also introduced to reduce the PDCCH monitoring in connected mode. Similarly, the UE will continue to mornitor or go to sleep according to the DCP indication. 
In order to reduce some unnecessary paging receptions in idle/inactive mode, the general solution is to support UE grouping for paging. More specific, i.e. the UEs monitoring the same PO can be split into several groups. In this way, one or more groups of UEs may be paged in one PO. Only the UEs belonging to the paged group(s) need to receive the corresponding paging message. During this procedure, the legacy UEs will follow the legacy mechanism to monitor paging message, which means there is no impact to legacy UEs. Using this group based paging, only part of the UEs are indicated to receive the paging message. The paging false alarm rate can be reduced, and the solution enhances the power consumption performance accordingly. 
In the following, some calculation on paging rate has been made. Assuming the number of paging groups per PO is N and the paging rate per PO (i.e. the probability of there is paging for at least one UE belonging the PO) is X = [10%, 20%]. The paging rate per UE group, Y (i.e. the probability of there is paging for at least one of the UEs belonging to a group) can be calculated by formula: 1- (1-Y) ^N=X. The corresponding calculation results are shown in Table 1. 
Table 1: Paging rate per group 

	Paging groups per PO: N
	4
	8
	16

	Paging rate Per PO: X
	10%
	20%
	10%
	20%
	10%
	20%

	Paging rate per group: Y
	2.6%
	5.4%
	1.3%
	2.8%
	0.7%
	1.4%


As shown in Table 1, it is very logical that the more paging groups per PO splits, the lower paging rate per UE group can be acheived. 

Assuming M bits are used to indicate the UE grouping, we have two approaches for the paging grouping indication:
· Approach 1: Codepoint-based maping, i.e. different codepoints are mapped to different status (wake up or not) of N UE groups.
· Approach 2: Bitmap-based mapging, i.e. each bit is mapped to one UE group. 1 means the UE group need to receive paging and 0 means the UE does not need to receive paging
In Approach 1, we can have 2^M groups theoretically, i.e. each codepoint is mapped to one status. We can use similar mechanism in NB-IoT WUS: one codepoint to indicate more than one UE groups are paged, and one codepoint (or DTX) to indicate none of the UE group has been paged, while each of other codepoints to indicate each UE group has been paged. 
In Approach 2, the UEs monitoring the same PO can be split intoM groups. The bit with value 1 indicates the corresponding UE group has been paged, otherwise, UEs in this group can skip this PO. 

Based this assumption, some calculation on paging false alarm rate has been made to evaluate the benefit for paging grouping. The corresponding evaluation model and benefit are shown in Table 2, where paging rate per PO is assumed as 10%, M (i.e. number of bits used to indicate the UE groups) is assumed as 4. 
Table 2: Paging false alarm rate calculation
	Approach I: Codepoint-based mapping
	
	Approach II: Bitmap-based mapping

	Number of UE groups per PO
	N= 14
	
	Number of UE groups per PO
	N= 4

	Paging rate per PO
	X= 10%
	
	Paging rate per PO
	X= 10%

	Paging rate per group
	Y = 0.75%, where, 1- (1-Y) ^N=X
	
	Paging rate per group
	Y = 2.6%, where, 1- (1-Y) ^N=X

	After grouping
	
	After grouping

	Group Indication Index (codepoint)
	Paged UE Group
	Probability
	
	Group Bit Index
	Paged UE Group
	Probability

	Codepoint 0000
	None of any UE group is paged
	90%, equal to (1-X)
	
	Bit 0=1
	At least UE Group1 is paged
	P= 2.6%, where, 1- (1-P) ^N=X

	0001
	Only UE Group1 is paged
	Ps= 0.67%, where Ps= Y*(1-Y) ^(N-1)
	
	Bit 1=1
	At least UE Group2 is paged
	2.6%

	0010
	Only UE Group2 is paged
	0.67%
	
	Bit 2=1
	At least UE Group3 is paged
	2.6%

	0011
	Only UE Group3 is paged
	0.67%
	
	Bit 3=1
	At least UE Group4 is paged
	2.6%

	….
	…
	….
	
	-
	-
	-

	1110
	UE Group14 is paged
	0.67%
	
	-
	-
	-

	1111
	>=2 UE Groups are paged
	Pm=0.62%, where Pm= X- N*Ps
	
	-
	-
	-

	
	
	

	Probability for one group is paged
	P= Ps+Pm = 1.29%
	
	Probability for one group is paged
	P= 2.6%


From Table 2, it can be seen that assuing the same number of bits used for UE grouping (M=4), Approach I: Codepoint-based mapping can support more groups than Approach II: Bitmap-based mapping (i.e., N=14 vs N=4). Both approaches can achieve paging false alarm rate than non-grouping method. (per PO paging rate vs Probability for one group is paged: 1.29% and 2.6% ). Thus the codepoint-based mapping approach can achieve higher benefit than bit-map based mapping (1.29% vs 2.6%).
Based on the above calculation, we can find that:
Observation 1: Group based paging can reduce the paging false alarm rate greatly than non-group based paging. 
Observation 2: Given the same number of bits, compared with bitmap-based mapping approach, codepoint-based mapping approach can achieve higher benefit on paging false alarm reducation in low paging rate (e.g. 10% per PO).
Proposal 1: Group-based paging is introduced to reduce unnecessary UE paging receptions.
Proposal 2: To discuss the following approaches for paging grouping indication:

· Approach 1: Codepoint-based maping, i.e. different codepoints are mapped to different UE groups.
· Approach 2: Bitmap-based mapging, i.e. each bit is mapped to one UE group. 
2.2. Paging enhancement solutions with Group-based paging
In this section, we discuss the detailed solution for paging enhancement. As discussed in our companion paper [2], there are two directions to indicate the UE grouping before receiving paging message. One direction is to reuse the similar mechanism in LTE MTC/NB-IoT idle mode or Rel-16 NR in connected mode. Another direction is to introduce paging grouping in current paging PDCCH. 

Thus, we can summary the solutions for paging enhancement(s) to reduce unnecessary UE paging receptions as below:
· Direction 1: Paging PDCCH based grouping

· Direction 2: WUS based grouping

· Option 2-1: Sequence based WUS, similar as the solution in LTE NB-IoT/MTC

· Option 2-2: PDCCH based WUS, similar as the solution in Rel-16 Power saving for connected mode
In Direction 1, UE grouping is indicated by the current paging PDCCH. If the UE is not in the indicated group in PDCCH, such UE can skip the paging mornitoring, which reduces the unnecessary paging PDSCH reception. There are many bits (i.e. 11 bits) reserved in paging PDCCH and some of the reserved bits can be used to indicate UE grouping. For example, if 4 reserved bits in PDCCH are used to indicate the UE grouping, we can have 14 groups if codepoint-based mapping approach is used. One mapping design for the group are shown in the following Table 3.
Table 3: Group indication by paging PDCCH
	Indication in paging PDCCH
	Paged UE Group

	0
	None of any UE group is paged

	1
	Only UE Group1 is paged

	2
	Only UE Group2 is paged

	3
	Only UE Group3 is paged

	…
	…

	14
	Only UE Group14 is paged

	15
	More than one groups are paged


In Direction 2, WUS is configured before PO reception to early indicate whether to wake up UE to monitor paging message. In this direction, we can have two options, one is sequence based WUS, similar as the solution in LTE NB-IoT/MTC. UE grouping is indicated in the sequence based WUS. Similarly, if the UE is not in the indicated group in WUS, such UE can skip the paging mornitoring, which reduces the unnecessary paging message reception. It is worth noting that sequence based WUS signals can be used to indicate multiple paging groups via sequence or WUS resource mapping method. The UE grouping in LTE NB-IOT can be taken as an example of the sequence based WUS grouping, which is shown in Table 4:
Table 4: Group indication by Sequence based WUS 

	WUS Sequence
	Paged UE Group

	0
	None of any UE groups is paged

	1
	Only UE Group1 is paged

	2
	Only UE Group2 is paged

	3
	Only UE Group3 is paged

	…
	…

	8
	Only UE Group8 is paged

	9
	More than one groups are paged


Another option for Direction 2 is PDCCH based WUS, which is similar as the solution in Rel-16 Power saving for connected mode. In this option, if the WUS signaling doesn’t indicate the UE to mornitor paging message, the UE will skip the corresponding paging reception. Otherwise, the UE needs to monitor the paging after the WUS reception. In this option, UE can reduce the unnecessary PDSCH reception after WUS. But the UE anyway needs to wake up to receive WUS every DRX cycle. Furthermore, we can also introduce group based paging in WUS. In this way, only the UE in the indicated group needs to receive the paging after WUS, which can further reduce the unnecessary PDSCH reception due to paging grouping in WUS. 
Technically, the above two directions are NOT mutually exclusive. They can also be used together, e.g. sequence-based WUS + PDCCH based grouping. 

3. Conclusions

In this contribution, we will discuss some solutions for group-based paging method to reduce unnecessary UE paging receptions. Based on the discussion, we have the following observations and proposals:
Observation 1: Group based paging can reduce the paging false alarm rate greatly than non-group based paging. 

Observation 2: Given the same number of bits, compared with bitmap-based mapping approach, codepoint-based mapping approach can achieve higher benefit on paging false alarm reduction in low paging rate (e.g. 10% per PO).
Proposal 1: Group-based paging is introduced to reduce unnecessary UE paging receptions.

Proposal 2: To discuss the following approaches for paging grouping indication:

· Approach 1: Codepoint-based maping, i.e. different codepoints are mapped to different UE groups.
· Approach 2: Bitmap-based mapging, i.e. each bit is mapped to one UE group. 
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