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1. Introduction
RAN2 made the following agreements on Paging subgrouping in RAN2#113bis-e:

	· We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)

· If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID). 


In RAN2#114-e, UE sub-grouping for paging enhancement was further discussed, and the following agreements were made:
	The following is supported:

· CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics
· Use same UE subgroups when in RRC_IDLE and RRC_INACTIVE 


In this contribution, we will discuss the open issue on subgrouping procedure for paging enhancement. 
2. Discussion
2.1. Subgrouping method determination
There are below possible paging subgrouping methods under discussion [1]:

· CN-Controlled subgrouping: the UE subgroup is assigned directly by CN. When AMF assigns a UE with a paging subgroup, some NAS signaling should be introduced or extended between AMF and UE to inform the UE about its paging subgroup ID.
· UE-ID based subgrouping: the UE subgroup ID is calculated based on UE-ID. The total number, Nsg, of subgroups supported by the network is provided by RAN, e.g. it can be broadcasted in System Information.
Based on above methods, we take below Figure 1 as example for general UE subgrouping Procedure.
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Figure 1:  Paging subgrouping procedure
From UE point of view, UE determines the paging subgrouping as below steps:

· Step 1/2: UE initiates the registration procedure, which triggers CN to assign UE subgroup ID if CN-Controlled subgrouping is supported and applied. UE subgroup ID is provided via NAS message, e.g. Registration Accept message. Naturally, the subgrouping assignment should be consistent over a registration area.

· Step 3/4: The UE capability transfer procedure (UECapabilityEnquiry/UECapabilityInformation message) can be used to transfer UE paging subgrouping capabilities.
Step 5: Radio resource configuration of paging subgrouping is provided from gNB. Meanwhile, UE-ID based subgrouping configuration may be also provided if UE-ID based subgrouping is supported and applied, e.g. the total number, Nsg, of subgroups from gNB network. 
· Step 6: UE monitors paging based on subgrouping from NW.
Proposal 1: The signaling procedure defined in Figure 1 is taken as the starting point for paging subgrouping. 
Considering the RAN2#113bis-e agreement that “If the network chooses to not provide specific subgrouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID)”, In our understanding, CN controlled subgrouping should be determined at CN. Both CN-Controlled and UE-ID based subgrouping methods would be optional, i.e., UE subgroup ID is optionally provided by NAS message, while the number of subgroupings is also optionally present in system information.

From UE perspective, 
· if the UE is assigned a subgroup ID from CN, this subgroup ID will be used for paging monitoring. 
· Else, if a UE is not assigned a subgroup ID from CN, it could calculate the subgroup based on its UE-ID if the gNB provides the number of subgroups. 
· Otherwise, legacy paging without subgrouping will be performed.

It’s worth noting that, below case shall be avoided in NW deployment/configuration: NW provided a subgroup ID for CN-Controlled subgrouping or the number of subgroups for UE-ID based subgrouping, but UE cannot get the corresponding radio resource, or configuration for UE subgrouping. We do think this case is rare unless the CN and RAN have inconsistent capability on paging subgrouping, which is discussed in another paper [2].  In this case, the UE shall handle it as invalid configuration, and monitor paging as legacy without subgrouping.
Proposal 2: If a subgroup ID is provided from CN, UE applies CN-Controlled subgrouping for paging monitoring. Else, if the number of subgroups is provided from gNB, the UE applies UE-ID based subgrouping. Otherwise, the UE monitors paging as legacy without subgrouping .
2.2. Radio Resource Mapping for UE subgrouping
UEs monitoring the same PO may monitor different resources according to their subgroup ID. As RAN1 contribution [3] discussed, RAN1 will determine the solution for sub-grouping indication signal, carried by SSS-based PEI or PDCCH-based PEI.  For PDCCH-based PEI, subgroups in a PO are indicated by one PEI. One bit in the DCI payload indicating one UE subgroup is supported. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations.
Besides the solution for sub-grouping indication signal, we also need methods of radio resource mapping for UE subgrouping, i.e. How to map the UE subgroup ID with the corresponding radio resource, to support UE to receive the corresponding sub-grouping indication signal. 
In [4], we discussed some methods as below. 
M bits are used to indicate the UE sub-grouping, we have two approaches for the sub-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 subgroups should wait for the next POs, which will lead to additional paging latency. 

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 1, 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 1: 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
	>=2 UE Groups are paged
	Pm=0.62%, where Pm= X- N*Ps 
	
	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
	None of any UE group is paged
	90%, equal to (1-X)
	
	-
	-
	-

	
	
	

	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: 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).
Thus, we use similar mechanism in Rel-16 NB-IoT: 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. Table 2 shows a typical example of the grouping method adopted in Rel-16 NB-IoT when per PO paging rate is assumed as 10%. The per sub-group paging rate Y can be calculated according to Taylor Expansion i.e., 1- (1-Y) N=X, assuming the number of paging group is N, per PO paging rate is X. Taken sub-groups = 8 as an example, Sequence 0 is the common sequence, and Sequence 1 to Sequence 8 are sub-group specific sequences linked to different sub-groups. Sequence 9 can be a virtual sequence and the network will actually do DTX (no sequence is transmitted) when the case happens. The probability that no less than two sub-groups need to be woke up is only 0.0046.

Table 2: Subgrouping indication method adopted in Rel-16 NB-IoT 
	Characteristics for different cases
	Sequence index
	Probability

	>= 2 sub-groups need to be woke up
	0
	0.0046

	Only to wake up sub-group 1
	1
	0.0119

	Only to wake up sub-group 2
	2
	0.0119

	Only to wake up sub-group 3
	3
	0.0119

	Only to wake up sub-group 4
	4
	0.0119

	Only to wake up sub-group 5
	5
	0.0119

	Only to wake up sub-group 6
	6
	0.0119

	Only to wake up sub-group 7
	7
	0.0119

	Only to wake up sub-group 8
	8
	0.0119

	All sub-groups go to sleep
	9
	0.9

(1 - per PO paging rate)


As discussed above, for sub-grouping indication, the grouping method by defining N sub-group specific sequence and 1 common sequence (i.e., representing the case that no less than two sub-groups need to be paged) is effective, which is similar as the UE grouping indication method specified for Rel-16 NB-IoT Group WUS. N refers to the total number of sub-groups.
Proposal 3: Adopt the paging subgrouping indication method introduced in Rel-16 NB-IoT as described in Table 2.
3. Conclusion

In this contribution, we discuss UE subgrouping procedure for paging enhancement. Based on the discussion, we have the following observations and proposals:

Observation 1: 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: The signaling procedure defined in Figure 1 is taken as the starting point for paging subgrouping. 

Proposal 2: If a subgroup ID is provided from CN, UE applies CN-Controlled subgrouping for paging monitoring. Else, if the number of subgroups is provided from gNB, the UE applies UE-ID based subgrouping. Otherwise, the UE monitors paging as legacy without subgrouping.

Proposal 3: Adopt the paging subgrouping indication method introduced in Rel-16 NB-IoT as described in Table 2.
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