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Introduction 
RAN3 received the LS in [2] on paging subgrouping informing RAN3 of a couple of agreements made by RAN2:

	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). 

	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


Then RAN2 ask RAN3 to take RAN2 agreements into account for their future work.
This paper explains our view on RAN3 impacts for this feature and especially how the work should be shared between RAN and CN for subgrouping assignment.
Discussion 

We first need to analyse what RAN2 means by the term “subgrouping” when RAN2 agreed:
CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics

Network controlled subgrouping is said based on “individual UE characteristics, not limited to paging probability like in EUTRA”. By EUTRA, RAN2 refers here to the NBIOT framework and draws some parallel. It is good to recall this NBIOT framework.

In EUTRA the paging probability was went by MME to UE and eNB. More precisely UE could first send a paging probability to MME and MME could override it as presented in the following figure 1:
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 Figure 1

We can infer from the above reference to NBIOT framework that by “subgrouping” RAN2 refers to the operation where CN makes a first partitioning step by defining categories for the UEs (for NBIOT, these categories are defined by paging probabilities). Moreover, in the NBIOT case, RAN3 had decided that CN can make up to 20 categories (20 codepoints of paging probabilities).

We therefore understand the following agreement is aligned with the first step of NBIOT framework where CN makes a first partitioning.
CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics

Observation 1: RAN2 agreed about CN doing an initial partitioning of UEs into a number of categories like for NBIOT framework. However, this number need not be 20 categories, as it was for NBIOT but can be less.
According to the NBIOT framework, after the first partitioning step of CN, the RAN makes a second partitioning step: the eNB defines a number of “group sets” to be used and the eNB broadcasts the mapping between the CN categories (i.e. the 20 paging probabilities) and the group sets as shown below per TS 36.304 table 7.2.5.1: 
Table 7.5.2-1: WUS group set definition when probThreshList is configured

	WUS group set
	probThreshList
	WUS group index in WUS groups list

	
	
	Lower bound
	Upper bound

	1
	PNAS ≤ Thresh1
	0
	Nth1 - 1

	2
	Thresh1 < PNAS ≤ Thresh2 (Note)
	Nth1
	Nth1 + Nth2 - 1

	3
	Thresh2 < PNAS ≤ Thresh3 (Note)
	Nth1 + Nth2
	Nth1 + Nth2 + Nth3 - 1

	4
	PNAS > Thresh3
	Nth1 + Nth2 + Nth3
	maxWG - 1

	where


Threshi is the value signalled in the ith entry of probThreshList

Nthi is the value signalled in the ith entry of groupsForServiceList

Note:
When the total number of WUS group sets is less than 4, the upper bound for the WUS group set with highest index is maxWG - 1.


It should be noted that for NBIOT each group set can be further refined in multiple groups based on UE ID.
This NBIOT framework is quite flexible by using this 2-step partitioning. RAN decides the number of group sets and number of groups within each set i.e. no need to have the limitation of same number of groups for all the cells within the TA. For instance, the eNB can decide the total number of groups according to its PEI and PO configurations, coverage, and system load, etc. 
Proposal 1: for the new paging subgrouping feature agree a framework in 2 steps similar to NBIOT with CN first partitioning UEs into categories and NG-RAN further mapping these categories onto a flexible number of group sets. 
Such framework can be very flexible because it allows either schemes where CN has finer granularity than RAN and a RAN group aggregates multiple CN categories or opposite schemes where RAN has finer granularity than CN.

Moreover, different operators may want to define different number of categories.

For example, a typical partitioning in CN could be using 2 categories based on UE power profile: one for smartphones and one for Recap UEs. Then CN could use (high priority, low priority) as categories. At the same time, in this example, we enable more than 2 groups in RAN based on UE-ID(s) as done for NB-IoT. 
In some other use cases, some operators may want to have CN defining 4 categories (high, medium, low, very low). 
In order to reuse existing NGAP IEs, we propose to use the existing NGAP WUS Assistance information IE with 20 codepoints together with enabling a flexible setting of the number of used codepoints between 1 and 20: in practice each network will thus define how many categories it wants to use.

The above flexibility is nice, but in order for NG-RAN to determine the suitable number of groups per group set and associated thresholds for the mapping onto group sets, it would then need to know in advance the number of categories that CN plans to use. For example, if some of the 20 categories are not planned to be used, RAN should not assign corresponding groups nor group set. 
We therefore propose that CN signals in advance to NG-RAN the number of categories it intends to use among the 20 possible codepoints. CN can signal this in the NG Setup Response message.
Proposal 2: AMF signals to NG-RAN in the NG Setup Response (AMF Configuration Update) a bitmap corresponding to which codepoints of the WUS Assistance information IE are intended to be used to express UE categories.
Concerning the Paging Area, the NBIOT framework was restricted to use WUS only in the last serving cell. This restriction could be lifted so that CN pages in multiple NG-RAN nodes if desired and always includes the WUS Assistance information IE. When cells support the paging subgrouping feature they use the received WUS Assistance information IE, otherwise it is ignored.
Proposal 3: the paging subgrouping feature is not restricted to the last serving cell.

Conclusion and proposal

This paper has made a first analysis of RAN3 impacts concerning paging subgrouping feature and makes the following proposals:
Proposal 1: agree for paging subgrouping a framework in 2 steps similar to NBIOT with CN first partitioning UEs into categories and NG-RAN further mapping these categories onto a flexible number of group sets.

Proposal 2: AMF signals to NG-RAN in the NG Setup Response (AMF Configuration Update) a bitmap corresponding to which codepoints of the WUS Assistance information IE are intended to be used to express UE categories.

Proposal 3: the paging subgrouping feature is not restricted to the last serving cell.

Proposal 4: send the LS reply to RAN2 in [3].
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