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Introduction
During previous RAN2 meetings, the UE subgrouping mechanism has been agreed and generally two approaches—network controlled subgrouping and UE ID based subgrouping [1] were considered. Besides, during the last RAN2 meeting, it was agreed that CN would be responsible for allocating UEs to UE paging subgroups.
	We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)
If we go for network controlled subgrouping, 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 this contribution, we further discuss the two types of paging subgroupings and investigate possible enhancements. 
Discussion
Network controlled subgrouping
Two solutions were proposed earlier for the network controlled subgrouping, i.e., based on UE characteristics not specified or limited to paging probability as LTE. In our view discussing further aspects of each of these solutions, including, the principles, procedures and details are largely different in the two solutions. Hence, we provide a detailed analysis accordingly in the sub-sections below.
Furthermore, in general, we think we should make a down selection on which solution is to be adopted before discussing the detailed aspects. A clear direction is needed for future work and discussion.
Proposal 1: Decide which sub-option of the network controlled subgrouping is to be adopted before proceeding with the details:
· Sub-option 1: CN directly assigns subgroup ID to UEs
· Sub-option 2: CN and RAN allocate UEs to subgroups based on UE’s paging probability (as the LTE paging probability mechanism)
Moreover, for UEs in RRC_Inactive state, the same network assigned subgroup information can be reused in RRC_Idle state. We don’t see the strong motivation to use different subgroup information (e.g. assigned by RAN and override the subgroup information assigned by CN), as CN has more information for UE property and network deployment situation, and can have a more reasonable strategy for subgrouping determination. Besides, if the subgrouping determination (e.g. subgroup ID) used in RRC_Inactive state and RRC_Idle state is different, there is state mismatch issue so the UE and the NW may not be aligned, which leads to paging message loss
Proposal 2: The same network assigned subgroup information used in RRC_Idle state can be reused for UEs in RRC_Inactive state.
CN assigned subgroup ID solution
CN directly assigns subgroup ID to UE is one candidate for network controlled UE subgrouping. In this solution, CN determines UE’s subgroup ID in an implementation specific way, which may not be known to the UE.
Basic procedure
The overall procedure for the CN assigned subgroup ID solution is shown in Fig.1.
1. UE can report assistance information (e.g. UE paging probability) to CN for UE subgroup determination.
2. CN determines UE’s subgroup ID (possibly taking into consideration UE’s assistance information) and provides it to UE.
3. CN provides UE’s subgroup ID to RAN.
For idle UEs, the subgroup ID can be carried in the PAGING MESSAGE from AMF to gNB during CN paging.
For inactive UEs, the subgroup ID can be carried in the Core Network Assistance Information for INACTIVE message from AMF to the anchor/last serving gNB, and the subgroup ID can be maintained by the anchor/last serving gNB and provided to other involved gNBs during RAN paging.
4. Depending on specific designs, RAN may also need to decide and broadcast some subgrouping parameters, e.g., the total number of subgroups.
UE
gNB
AMF
1. UE assistance information
4. Subgrouping parameters
UE subgroup determination
2. UE subgroup ID
3. UE subgroup ID

Fig.1 The CN assigned subgroup ID solution
Potential issues
For this solution, one issue raised previously is how to ensure that the paging strategy is consistent over e.g. a registration area, otherwise, the CN assigned subgroups may not be valid when UE moves across cells. For instance, the CN assigns subgroup ID 8 to a UE and if the UE moves to a cell where there are only total 4 subgroups (IDs 1-4) supported, then the question is how assigned Subgroup ID is used in this cell. It seems that in such cases the CN assigned subgroup cannot be consistently used across different the cell.
In terms of controlling the total subgroup numbers, there can be three options.
Option 1: The total number of subgroups is fixed and specified.
In this option, the total number of subgroups is the same in each CN/RAN, thus CN just needs to ensure that the assigned subgroups do not exceed the specified total number, then the assigned subgroups would be valid across cells that support the subgrouping mechanism. The consistency issue would not occur.
This option, however, implies that there would be only one type of subgrouping configuration, which imposes great constraints on the flexibility of subgrouping and network implementation.
Option 2: The total number of subgroups is decided by CN and informed to RAN
In this option, CN determines the total number of subgroups and informs it to relevant RAN nodes (e.g. gNBs within a registration area). It would also be easy to ensure the validity of CN assigned subgroups as the subgrouping strategy is consistent within certain areas. The consistency issue would not occur.
This option, however, has similar drawbacks as option 1. The number of subgroups is fixed within a relatively large area and CN may not be able to take the situation in each RAN into consideration, which means that the CN determined total number may not be optimal for RAN.
Option 3: The total number of subgroups is decided by RAN
DCI based PEI is one candidate for subgroup indication. Currently, there is discussion in RAN1 on the association between DCI based PEI and POs. Some companies support that one PEI can be used to carry information for several POs. In such a case, the total number of subgroups per PO is more reasonable to be determined by RAN since it is related to the association between PEI and POs. For instance, assuming that there is a 12-bit field in PEI for the subgroup indication, if one PEI is associated with three POs, then only 4 bits can be used for subgroup indication for each PO.
[image: ]
Fig.2 One PEI associated with several POs
In case that the total number of subgroups is decided by RAN, considering that different gNBs may have different paging strategies, the consistency issue exists. Hence a scheme is needed for ensuring the CN assigned subgroup ID to be consistently used across RAN.
The simplest way may be that CN allocates UE subgroups with considerations on all the possible total numbers in RAN. This way, however, has obvious disadvantages on flexibility. The subgroup capacity is limited by the RAN node with the least subgroups, resulting in that some subgroup configurations actually become useless. For example, if the CN assigned subgroups cannot exceed 4 due to the configuration in gNB1, it is not beneficial for gNB2 to support 8 subgroups.
Another way is to provide UE with multiple assigned subgroups for each of the possible subgroup configurations. This way is also not optimal in terms of the signalling overhead between UE and network and between network nodes.
In addition, mapping rules which ensure that the CN assigned subgroup ID (e.g. subgroup ID=8) is mapped to a valid subgroup ID (e.g. subgroup ID within 4) in RAN can be considered, thus CN can assign subgroups regardless of the RAN supported subgroups, which is simpler for both CN and RAN implementation.
Observation 1: If the total number of subgroups is fixed in specifications or decided by CN, the flexibility of subgrouping would be largely reduced and it would be difficult to realize the feature that one PEI (e.g. DCI based PEI) is associated with multiple POs.
Observation 2: In case that RAN decides the total number of subgrouping, there are feasible solutions to solve the inconsistency issue between CN and RAN, e.g., defining mapping rules.
Proposal 3: If the CN assigned subgroup ID solution is adopted, RAN should be the node to decide the total number of subgroups.
Paging probability solution
The paging probability solution which was specified for NB-IoT and MTC in Rel-16 is another candidate for network controlled UE subgrouping. The device types and user habits can be diverse, for example, the paging probability for smartphones and wearable devices are different, or the paging probability for users during working hours and spare time may be different. Considering that UEs with higher paging probability are more likely to cause false paging alarms to UEs with lower paging probability within the same PO, dividing UEs with similar paging probability into one group can reduce the false alarm rate. Besides, the LTE mechanism can be the baseline without too much standardization work.
Basic procedure
With reference to the LTE mechanism, a potential procedure for NR is presented in Fig.3 as an example. Various steps of the procedure are also listed below.
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Fig.3 The paging probability solution
1. UE can report its paging probability (PP) information to CN as assistance information for PP determination.
2. CN decides UE’s paging probability (possibly based on UE’s assistance information) and provides the PP parameter to UE.
3. RAN decides and broadcasts subgrouping parameters, including the paging probability related parameters used for determining the corresponding subgroup.
Specifically, the paging probability related parameters can include paging probability thresholds and subgroup ID ranges for different UE subgroup sets. Table 1 gives an example of four UE subgroup sets, where PNAS is UE paging probability, Threshi is the paging probability threshold used for selecting the UE subgroup set corresponding to UE’s paging probability and Ni denotes the bound of the subgroup ID for each set.
After the selection of the UE subgroup set, UE ID can be further used to determine one subgroup within the selected subgroup set.
Table 1 paging probability related subgrouping parameters
	UE subgroup set
	Range of paging probability
	Range of subgroup ID

	1
	PNAS ≤ Thresh1
	0 ≤ ID ≤ N1-1

	2
	Thresh1 < PNAS ≤ Thresh2
	N1 ≤ ID ≤ N2-1

	3
	Thresh2 < PNAS ≤ Thresh3
	N2 ≤ ID ≤ N3-1

	4
	PNAS > Thresh3
	N3 ≤ ID ≤ N-1



4. CN provides UE’s PP parameter to RAN for RAN to derive UE’s subgroup when paging occurs.
For idle UEs, the PP parameter can be carried in the PAGING MESSAGE from AMF to gNB during CN paging.
For inactive UEs, the PP parameter can be maintained by the anchor gNB and provided to other involved gNBs during RAN paging.
In this solution, CN controls UE subgrouping by assigning the paging probability parameter and RAN decides subgrouping parameters used for deriving subgroup ID. Thus the inconsistency issue identified above in the CN assigned subgroup ID solution would not occur and no additional coordination is needed when UE moves across cells, which is simpler in terms of interoperability.
Observation 3: The paging probability solution can take the LTE mechanism as the baseline without too much standardization work and no additional coordination is needed to ensure consistency between UE and RAN when UE moves across cells.
Power saving gain analysis
The following tables show the power saving gain by using UE subgrouping based on UE ID information only and based on the combination of UE ID and paging probability information. The power calculation is performed with the model in TR 38.840 [2]. 50 UEs are assumed in a cell, the lower paging probability is 0.1% and the average paging probability is 1%. Usually, in high SINR case, UE may use less SSBs (e.g. 1 SSB) for pre-sync; and in low SINR case, UE may use more SSBs (e.g. 3 SSBs) for pre-sync. 
It can be observed that with the increasing percentage of UEs with lower paging probability, the power saving gain for UE subgrouping based on the combination of UE ID and paging probability is higher than that for UE subgrouping based on UE ID only. Considering the number of RedCap UEs (such as massive industrial wireless sensors, surveillance cameras) may be much larger than the eMBB UEs, more power saving gains can be obtained based on the combination of UE ID and paging probability.
Table 2 Power saving gain in case of UE using 1 SSB for T/F tracking (High SINR)
	Percentage of UE with lower paging probability
	Based on UE ID only
	Based on combination of UE ID and paging probability

	50%
	10.50%
	10.77%

	60%
	10.43%
	11.43%

	70%
	10.57%
	12.25%

	80%
	10.47%
	12.83%

	90%
	10.33%
	13.24%


Table 3 Power saving gain in case of UE using 3 SSB for T/F tracking (Low SINR)
	Percentage of UE with lower paging probability
	Based on UE ID only
	Based on combination of UE ID and paging probability

	50%
	20.30%
	20.83%

	60%
	20.17%
	22.10%

	70%
	20.38%
	23.64%

	80%
	20.20%
	24.76%

	90%
	19.87%
	25.43%


Observation 4: The paging probability solution brings considerable power saving gain especially when the percentage of UEs with lower paging probability increases.
Proposal 4: If the paging probability solution is adopted, the LTE paging probability subgrouping mechanism should be considered to be a baseline mechanism.
UE ID based subgrouping
General principle
For the UE ID based subgrouping, some general aspects on how to realize this solution can be investigated first.
One basic issue is whether the UE subgroups remain unchanged in one cell and whether the number of UE groups is fixed and the same in each cell. In our view, the UE subgroups should be variable based on the real-time situation in the network. In practice, it is likely that the number of UEs in cells deployed in different areas is diverse (e.g., cells in urban areas and suburbs), thus the number of UE subgroups can be different. Besides, even in one cell, depending on the paging false alarm situation, the UE groups may also need to be adjusted for achieving better power saving gain. If UEs can be assigned to sub-groups properly, the overall paging false alarm rate can be reduced.
Therefore, based on the above analysis, we think RAN should be responsible for the UE ID based subgrouping and detailed implementations (e.g. the total number of UE subgroups) can be controlled on a cell level basis.
Proposal 5: For the UE ID based subgrouping, UE subgroups should be adjustable by RAN based on the real time situation in the network for achieving optimized performance.
Specific design
As for the detailed solution for UE ID based subgrouping determination, some companies proposed to calculate the UE sub-group index as
, 
where N is the number of paging frames in one DRX cycle, 
Ns is the number of paging occasions in one paging frame and,
G is the number of UE sub-groups.
This approach is straightforward, but with less flexibility since only the total number of UE subgroups can be adjusted when the UE subgrouping needs adaptation.
Therefore, considering the above analysis on the necessity of variable grouping, we can refer to the paging carrier determination rule for NB-IoT in [3] and consider a weight-UE ID based subgrouping method where the number of UEs in each subgroup can be adjusted in addition to the total number of UE subgroups. The UE subgroup can be determined by deriving the smallest sub-group index n fulfilling the following equation:

where N is the number of paging frames in one DRX cycle, 
Ns is the number of paging occasions in one paging frame,
g(i) is the weight of subgroup i (, G is the number of UE sub-groups),
g is the total weight of all UE sub-groups (i.e., g = g(0) + g(1) + … + g(G-1),
n is the index of the sub-group to which the UE belongs.
In this way, the weight of one subgroup implicitly reflects the probability that UEs are assigned into this group, thus the number of UEs in one subgroup can be controlled by adjusting the weight of this subgroup accordingly. For example, when it is detected that the paging false alarm rate of a subgroup exceeds the acceptable level, the weight of this subgroup can be set lower. Consequently, some UEs in this sub-group would be re-assigned into other groups and hence the paging false alarm rate of this group can be reduced accordingly.
Proposal 6: Consider weight-UE ID based UE subgrouping solution where each UE subgroup is assigned a weight for dynamic grouping adaptation.
Conclusion
[bookmark: OLE_LINK3]In this paper we further discuss the UE subgrouping mechanism. Observations and proposals are summarized as below.
Network controlled subgrouping
Proposal 1: Decide which sub-option of the network controlled subgrouping is to be adopted before proceeding with the details:
· Sub-option 1: CN directly assigns subgroup ID to UEs
· Sub-option 2: CN and RAN allocate UEs to subgroups based on UE’s paging probability (as the LTE paging probability mechanism)
Proposal 2: The same network assigned subgroup information used in RRC_Idle state can be reused for UEs in RRC_Inactive state.
Observation 1: If the total number of subgroups is fixed in specifications or decided by CN, the flexibility of subgrouping would be largely reduced and it would be difficult to realize the feature that one PEI (e.g. DCI based PEI) is associated with multiple POs.
Observation 2: In case that RAN decides the total number of subgrouping, there are feasible solutions to solve the inconsistency issue between CN and RAN, e.g., defining mapping rules.
Proposal 3: If the CN assigned subgroup ID solution is adopted, RAN should be the node to decide the total number of subgroups.
Observation 3: The paging probability solution can take the LTE mechanism as the baseline without too much standardization work and no additional coordination is needed to ensure consistency between UE and RAN when UE moves across cells.
Observation 4: The paging probability solution brings considerable power saving gain especially when the percentage of UEs with lower paging probability increases.
Proposal 4: If the paging probability solution is adopted, the LTE paging probability subgrouping mechanism should be considered to be a baseline mechanism.

UE ID based subgrouping
Proposal 5: For the UE ID based subgrouping, UE subgroups should be adjustable by RAN based on the real time situation in the network for achieving optimized performance.
Proposal 6: Consider weight-UE ID based UE subgrouping solution where each UE subgroup is assigned a weight for dynamic grouping adaptation.
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