
3GPP TSG RAN WG1#106bis-e		R1-2108987
e-Meeting, October 11th – 19th, 2021

Source:	vivo
Title:	Discussion on paging grouping
Agenda Item:	8.7.1.3
Document for:	Discussion and Decision
1. Introduction
This paper is resubmission of R1-2104373.
In RAN1 #104 e-meeting, it is agreed that carrying UE subgroups information is considered in physical layer design for paging enhancement.  
	Agreements:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 


In this contribution, we will further discuss paging enhancement solutions with UE grouping, including UE sub-grouping methods and the mechanisms to indicate paging for UE subgroups. 
2. Discussion
2.1. Paging enhancement with UE grouping
2.1.1. Sub-grouping indication
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 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 to 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 paging early indication (PEI) is introduced in LTE for NB-IoT and MTC UE. PEI is designed for a group of UEs. If UE receives PEI, the UE will continue to monitor the subsequent paging PDCCH and potential paging message. Otherwise (UE does not receive PEI), the UE will go to sleep until the next PEI 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 monitor 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 specifically, 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 finally enhances the power consumption performance accordingly. 
In the following, some calculation on paging rate has been made. Assuming the number of paging groups is N and the paging rate per PO (i.e. the probability of there is paging for at least one of the UEs monitoring the PO) is X = [10%, 20%, 40%]. 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 N
	4
	8
	16

	Paging rate Per PO X
	10%
	20%
	40%
	10%
	20%
	40%
	10%
	20%
	40%

	Paging rate per group Y
	2.6%
	5.4%
	11.99%
	1.3%
	2.8%
	6.19%
	0.7%
	1.4%
	3.14%



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 achieved. 
If UE grouping is applied, we need methods to support UE sub-group indication. Assuming M bits are used to indicate the UE sub-grouping, we have two approaches for the paging grouping indication:
· Approach 1: Codepoint-based mapping, i.e. different codepoints are mapped to different UE groups.
· Approach 2: Bitmap-based mapping, i.e. each bit is mapped to one UE group. 
In approach 1, we can have 2^M groups theoretically, i.e. each codepoint is mapped to one UE group. But in this way, we cannot indicate two codepoints in one PO, when more than two groups of UEs are paged. Then, only one UE group corresponding to one codepoint can be paged in each PO. The other paged UE groups should wait for the next POs, which will lead to additional paging latency. 
Thus, we use similar mechanism in NB-IoT PEI: one codepoint to indicate more than one UE group are paged, and one codepoint to indicate none of the UE group has been paged, while each of other codepoints to indicate each UE group. 
In approach 2, the UEs monitoring the same PO can be split into M groups. The bit with value 1 indicates the corresponding UE group has been paged, otherwise, UEs in this group can skip this PO. 
Based on 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. the 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
	N= 14
	
	Number of UE groups
	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)
	
	Bit0
	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)
	
	Bit1
	UE Group2 is paged
	2.6%

	0010
	Only UE Group2 is paged
	0.67%
	
	Bit2
	UE Group3 is paged
	2.6%

	0011
	Only UE Group3 is paged
	0.67%
	
	Bit3
	UE Group4 is paged
	2.6%

	….
	…
	….
	
	-
	-
	-

	1110
	Only UE Group14 is paged
	0.67%
	
	-
	-
	-

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

	
	
	

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



As we all know, there could be many UEs in one group in the PO (e.g 200 UEs). When the network intends to page one UE, all the UEs belonging to the same group need to wake up and check the corresponding paging message. In other words, the paging false alarm rate is P*199/200≈P. Thus, we can take P as paging false alarm rate in the following for convenience. 
Based on the above calculation, we can find that:
Observation 1: Group based paging can reduce the paging false alarm rate greatly (i.e. from ~10% to ~1.29% or 2.6%). 
Observation 2: Compared with bitmap-based mapping approach, codepoint-based mapping approach can achieve higher gain on paging false alarm reduction in low paging rate (e.g. 10% per PO).
Proposal 1: 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. 
2.1.2. Sub-grouping method
In this section, we will discuss how to group the UEs. In the email discussion [1], several methods for sub-grouping was discussed:
1. UE ID based grouping
2. Paging probability based grouping
3. UE power consumption profile based grouping
4. Network assigned subgrouping
5. UE release
6. RRC State grouping.
7. Methods considering mobility:  
a. UE specific RNTI for Stationary UE paging
b. Mobility indicator
c. Dedicated paging group for moving UE
8. Mix of different grouping methods
In our understanding, grouping based on UE_ID is a straightforward approach, which is random and uniformly distributed. Thus, it could be considered as the baseline.
While for grouping based on paging probability information, there was some discussion in RAN2#106 meeting. It was concluded that it is beneficial for reducing false wake-up probability for UEs which are not frequently paged but may increase false wake-up probability for UEs which are frequently paged. In NR traffic, there is no clear differentiation for paging probability. Thus, the benefit to supporting UE grouping based on UE paging probability information is not clear. Besides, supporting paging probability based grouping needs extra signalling to determine the paging probability which may negate the power saving gain (e.g. additional change on paging probability), so the trade-off between power saving gain with signalling load should be considered.
Regarding UE power consumption profile based grouping, the UEs which are sensitive to power consumption have low paging probability, grouping them may not reduce false alarm and may not get additional power saving gain.
Regarding UE specific RNTI for Stationary UE paging, it may cause paging overhead when fixed UEs and non-fixed UEs are being paged at the same time since network has to send separate PDCCH. And the power saving gain may be questionable.
For Mobility Indicator approach, the network indicates whether it is paging a moving UE. In the method of Dedicated paging group for moving UE, one or more dedicated groups for UE not located in the last used cell or not located in a set of cells preconfigured by network will be assigned. We think these methods could bring additional power saving gain when the UE does locate in the last used cell. However, if the UE locates in the last used cell and missed the paging for other reasons, it won’t receive the paging next time any more, which may cause paging missing in this case.
Regarding Network assigned subgrouping, RAN2 has discussed this approach in RAN2#113-e. In [1], the procedure for network assigned subgrouping is discussed, the potential impacts include:
RAN, CN: 
· The gNB provides the UE subgroup ID to CN when the signalling connection is released.
· In RRC_IDLE state, CN stores the UE subgroup ID. 
· In RRC_INACTIVE state, the gNB stores the UE subgroup ID as part of the UE context.
· For CN Paging, the AMF includes the stored subgroup ID when providing the CN paging message to the gNB. 
· For RAN Paging, the source gNB provides the paging gNB with the stored subgrouping ID. 
· the subgroup ID of a UE can be transferred from the source to the target RAN as part of the UE context transfer during HO and resumption/re-establishment.
UU:
· The gNB provides the UE subgroup ID to UE via RRC release message.

Moreover, based on the framework of Network assigned subgrouping, some parameters could be used to assist UE grouping, such as paging probability information, additional efforts are needed regarding how to define and configure these special parameters.
In the sub-grouping method evaluation, the power saving gain shall be mainly considered. We have compared the additional power saving gains in different UE sub-grouping methods. The UEs monitoring the same PO are divided into subgroups. Based on the same PO paging rate, we can compare the additional power saving gain between different sub-grouping methods. 
For example, we assume a “smartphones + IoT devices” scenario on the same PO. IoT devices have lower(0.1%) individual paging rate but a large number of UE (100), the smartphones have a higher (1%) individual paging rate but a small number of UE (10). Note: we think this scenario is very friendly to evaluate the power saving gain for the subgrouping approach. 
In low SINR case, the additional power saving gain with network assigned subgrouping is 4.48% for smartphones and 4.50% for IoT devices. The additional power saving gain with UE-ID based subgrouping is 4.49%, which shows very marginal power saving gain in addition to UE_ID based subgrouping.

Based on RAN1’s agreement in RAN1#103e, if the original group paging rate is assumed as 10%, the additional power saving gains of UE sub-grouping indication in paging early indication w.r.t. paging early indication without UE sub-grouping is 0.9%-1.73% in high SINR case and 2.8%-5.35% in low SINR case. The additional power of subgrouping isn’t significant when the original group paging rate isn’t so high. Thus, at most the baseline that UE-ID based UE grouping is enough (even the benefit is not so obvious). In this way, additional optimization on top of UE-ID based UE grouping is not needed. Thus, we could consider the UE_ID based grouping as the baseline, and prefer not to introduce any other group method unless the method is easy to implement and with high power saving gain.

Proposal 2: UE_ID based UE grouping is considered as the baseline for paging enhancement. Other methods for sub-grouping, e.g. based on paging probability information, could be further studied after identifying the beneficial use cases.

2.2. Paging enhancement solutions
Paging enhancement by UE grouping could reduce some unnecessary paging receptions in idle/inactive mode via UE grouping, i.e. to reduce the probability that a UE decodes paging message and realizes that itself is not paged (i.e. the “false alarm” rate). After sub-grouping, UEs monitoring the same paging occasion (PO) are divided into subgroups, and the network needs to indicate whether a subgroup of UEs need to monitor paging message. 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.
· Direction 1: Paging PDCCH based grouping
· Direction 2: PEI based grouping
The target for paging enhancement is to reduce unnecessary paging receptions, and reduce corresponding idle/inactive-mode UE power consumption. Thus, we should evaluate the power saving gain for each solution. The corresponding simulation should be based on the common power modeling in RAN1 and RAN1 would be responsible to evaluate the power saving gain for all potential paging enhancement solutions identified by both RAN1 and RAN2. Based on the evaluation methodology and simulation assumption provided by RAN1 in [2], some general summary of simulation results is provided as below for different options. More detailed simulation modeling and results could be found in our RAN1 contribution [3].
2.2.1. Legacy Paging PDCCH based UE sub-grouping
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 monitoring, 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 is 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

	…
	…

	8
	Only UE Group8 is paged

	9
	More than one group are paged

	10-15
	reserved



Some general summary of simulation results for Direction 1 is provided in the below Table 4. It is noted that, the power consumption of PDCCH-only for cross-slot scheduling is the same as that of PDCCH-only for same-slot scheduling, based on RAN1 model in [2]. 
[bookmark: _Ref47347738]Table 4: Power saving gain for Direction 1
	Cases
	Average relative power in a slot (sleep / wake up)
	Power saving gain (vs. Rel 16 baseline paging method)

	
	
	PO paging rate: 10%
	PO paging rate: 20%
	PO paging rate: 40%

	
	
	4 groups 
	8 groups
	16 groups
	4 groups 
	8 groups
	16 groups
	4 groups 
	8 groups
	16 groups

	Low SINR
	Two SSBs before PO: 
2.613/2.832
	<0.77%
	<1.53%
	<2.99%

	
	Three SSBs before PO:
3.035/3.254
	<0.72%
	<1.4%
	<2.58%

	High SINR
	One SSB before PO:
1.663/1.718
	<0.33%
	<0.66%
	<1.2%



Observation 3: Direction 1, paging PDCCH based grouping, has marginal power saving gain in both low SINR and high SINR cases.
2.2.2. Paging early indication (PEI) based UE sub-grouping
In Direction 2, PEI is configured before PO reception to early indicates whether to wake up UE to monitor paging message. For PDCCH based PEI,  If sub grouping indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is expected to be adopted for the two DCI formats.
Technically, the above two directions are NOT mutually exclusive. They can also be used together, e.g. sequence-based PEI + PDCCH based grouping. Some general summary of simulation results for different options is provided in below Table 6. 
Table 6: Power saving gain comparison of Paging enhancement with UE grouping
	Paging enhancement schemes
	Power saving gain
(vs. Rel 16 baseline paging method)

	
	PO paging rate =10%
	PO paging rate =20%
	PO paging rate =40%

	
	Low SINR (with 3 SSBs before PO)
	High SINR
(with/without RRM relaxation)
	Low SINR (with 3 SSBs before PO)
	High SINR
(with/without RRM relaxation)
	Low SINR (with 3 SSBs before PO)
	High SINR
(with/without RRM relaxation)

	Direction 1: Paging PDCCH based grouping
	<0.72%
	<0.33%
	<1.4%
	<0.66%
	<2.58%
	<1.2%

	Option 2: DCI-based PEI
	25.1%
	-
	21.6%
	-
	14.6%
	-

	Option 2-1 with sub grouping: 
(4 sub-groups)
	29.17%
	12.3%/4.8%
	27.5%
	10.4%/3.6%
	27.34%
	9.33%/3.03%

	Option 2-2 with sub grouping: 
(4 sub-groups)
	29.17%
	-
	27.5%
	-
	27.34%
	-

	Note 1: ‘-’ denotes the power saving gain is smaller than 0.



Based on the above evaluation, we can find that:
Observation 4: Option 2-2, PDCCH based PEI solution, has significant power saving gain in low SINR case, while has marginal power saving gain in high SINR case.
[bookmark: _Ref47348177]Proposal 3: If sub grouping indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for sub grouping indication is expected to be adopted for the two DCI formats.
3. Conclusion
In this contribution, we discuss paging enhancement solutions with UE grouping, including UE sub-grouping methods and the mechanisms to indicate paging for UE subgroups. Meanwhile, the power saving gain is evaluated. The following observations and proposals are given:
Observation 1: Group based paging can reduce the paging false alarm rate greatly (i.e. from ~10% to ~1.29% or 2.6%). 
Observation 2: Compared with bitmap-based mapping approach, codepoint-based mapping approach can achieve higher gain on paging false alarm reduction in low paging rate (e.g. 10% per PO).
Observation 3: Direction 1, paging PDCCH based grouping, has marginal power saving gain in both low SINR and high SINR cases.
[bookmark: _GoBack]Observation 4: Option 2, PDCCH based PEI solution, has significant power saving gain in low SINR case, while has marginal power saving gain in high SINR case.

Proposal 1: 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. 
Proposal 2: UE_ID based UE grouping is considered as the baseline for paging enhancement. Other methods for sub-grouping, e.g. based on paging probability information, could be further studied after identifying the beneficial use cases.
Proposal 3: If sub grouping indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for sub grouping indication is expected to be adopted for the two DCI formats.
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