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Introduction
During previous discussions, the basic architecture of the paging subgrouping mechanism was discussed [1]. Besides, companies also proposed some paging enhancements which can be decoupled with the paging subgrouping mechanism, including the CN/RAN paging differentiation, etc. [2]. We think some enhancements can bring benefits.
In this contribution, we discuss detailed designs for paging subgrouping and investigate other possible paging enhancements beside the subgrouping mechanism.
Discussion
CN controlled subgrouping
In the last meeting, it was agreed that we would adopt the solution that CN directly assigns UE subgroup IDs for UEs.
	R2-2109094 ([AT115-e][043][ePowSav] Paging Subgrouping (Nokia)):
Proposal 1: Use the listed 3 options as starting point for further discussions (parameter names can be further adjusted if needed).
· Option 1: CN assigns subgroup ID
· possible with or without remapping to RAN subgroup ID depends on the sub-options
· Option 2: CN assigns a set of subgroup IDs
· Similar to option 1 but with multiple subgroup IDs assigned from CN and the UE needs to choose the corresponding subgroup ID based on RAN configuration
· Option 3: Reuse NB-IoT framework 
· CN assigns subgrouping parameter, RAN can do remapping to subgroup ID based on the CN parameter and RAN configuration

RAN2#115 agreements:
Option 2 is excluded
We go with Option 1
R2 assumes that All the cells within the registration area supports the same number of CN assigned subgroups, i.e. no remapping of CN assigned group ID to RAN subgroup ID (will revisit only if serious issues are found). 


UE assistance information
[bookmark: _GoBack]In the last meeting, it was agreed that if we introduce UE assistance information in support of paging subgroup assignment, candidate information includes paging probability and power profile attributes [1]. Based on the [Post115-e][089][ePowSav] Paging Subgrouping email discussion, still no consensus can be reached on whether there is a need for UE assistance information to the network.
	If RAN2 agrees to support UE assistance information to CN in support of Paging subgroup assignment, RAN2 will focus on the paging probability and power profile attributes.



In our view, accurate and reliable UE assistance information can be helpful for CN’s decision make. Otherwise, if the effectiveness of such information cannot be guaranteed, we think it is better not to support it.
Specifically, for the paging probability, we think this information can be useful if the general evaluation principle for probability derivation is defined for the UE. There can be two options how the probability can be calculated:
· Option 1: UE calculates the probability based on the fixed duration when targeted paging is received in that duration.
· For example, within a time period N, the UE records the time period M when targeted paging is received. Then the UE’s paging probability is calculated as .
· Option 2: UE calculates the probability based on the fixed number of POs when targeted paging is received during   that fixed number of POs.
· For example, for a total number N of POs, the UE records the number M of POs where targeted paging    is received. Then the UE’s paging probability is calculated as .
Further, the time period or number of POs (M and N) used for paging probability derivation can be specified, or can be up to UE and provided to the CN as a reference when the UE reports paging probability.
Proposal 1: Specify the evaluation principle for paging probability calculation.
Subgroup ID mapping
In RAN1#106bis-e meeting, it was agreed that “One PEI can be configured to indicate up to 4 PO(s) in a PF”. If the subgroups within a PO is fixed, e.g. 8 subgroups, the available bits for subgroups indication in PEI may be 8bits if the PEI is associated with 1 PO in a PF, and the available bits for subgroups indication in PEI may be 8*4bits if the PEI is associated with 4 PO in a PF. So it can be observed that the available bits for subgroups indication in PEI may be different based on the different association between PEI and PO(s), and it may be even large in the case that a PEI is associated with 4 PO in a PF or multiple PF(s) which might be difficult for PEI-DCI design. On the other hand, if the available bits for subgroups indication in PEI is fixed, the available bits for indicating subgroups within a PO will be reduced if more POs are associated with the PEI. Thus, based on the progress on PEI-DCI design in RAN1, it is reasonable that the total number of subgroups within a PO is different for different cells based on the configuration between PEI and PO(s).
However, CN assigns subgroup ID based on the supported total numbers of subgroups. It is unrealistic to let CN determines the total numbers of subgroups based on all the possible total numbers of subgroups in RAN within the registration area. Thus, CN determines the supported total numbers of subgroups itself, but the RAN within the registration area may support different number of subgroups within a PO based on RAN’s configuration. In this case, there is mismatch between CN assigned subgroup ID and subgroup IDs can be used in PEI, for example, CN assigned subgroup ID is subgroup ID=8 but valid bits for subgroup ID in PEI is 4. To solve the mismatch issue, mapping rule seems necessary and it does not give any impacts on CN implementation. CN just informs the CN assigns subgroup ID to RAN via paging message, RAN does the mapping based on its configuration and CN assigns subgroup ID.
Proposal 2: RAN2 to consider the subgroup ID mapping based on the progress on PEI design in RAN1.
Paging subgrouping considerations for the RAN sharing scenario
As discussed in our contribution [3], for the RAN sharing scenario, subgroups assigned by different CNs are mixed in the shared cell if the gNB is connected to multiple CNs. In this situation, UEs in one subgroup would affect those in other subgroups with the same subgroup ID, resulting in that the performance of CN subgrouping is decreased. For instance, if UEs with high paging probability in CN1 and UEs with low paging probability in CN2 are both assigned into subgroup 1, then the subgroup 1 in the shared cell actually becomes a group with high paging probability.
[image: ]
Fig.1 RAN sharing scenario
We propose to adopt solutions for handling the above-mentioned issue. Generally there can be two possible ways to handle this issue:
· Option 1: avoid such a situation, i.e. the CN subgrouping is not supported/allowed for more than one CN in the shared cell.
· Option 2: separate/distinguish the subgroups assigned by different CNs in shared cells.
Option 1
For option 1, this way is simple and straightforward. The RAN can support the CN subgrouping for only one PLMN or one set of PLMNs associated with the same CN such that the CN assigned subgroups would not contain mixed UEs of different CNs.
For instance, the shared cell broadcasts for which (set of) PLMN(s) the CN subgrouping is supported.
Option 2
For option 2, there can be three solutions to split the subgroups of different CNs.
· Solution 1:
The gNB indicates which PLMN(CN) the paging is originated from when paging UEs.
The indication could be carried in e.g. PEI and contains the PLMN identity of the paged UE or the PLMN(CN) index of the paged UE which is assigned by RAN.
· Pros: simple and the paging from different PLMNs(CNs) is separated, hence the number of subgroups used in each PLMN(CN) can be up to the max number agreed by RAN1.
· Cons: it is not possible to page UEs in different PLMNs (CNs) simultaneously, which may increase paging delay. Besides, the payload of the PLMN(CN) indication may be large.
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Fig.2 PLMN(CN) indication
· Solution 2:
The CN assigned subgroups from different CNs are separated in the RAN. For instance:
1 Different RAN subgroup IDs in gNB are used for the CN assigned subgroups of different CNs. For example, subgroups assigned by CN1 are mapped to subgroup ID (n1~n2) in RAN while subgroups assigned by CN2 are mapped to subgroup ID (n3~n4) in RAN.
2 Different subgroup indication bits in PEI are used for indicating the CN assigned subgroups from different CNs. For example. Subgroups assigned by CN1 correspond to the first M1 bits of the subgroup indication while subgroups assigned by CN2 correspond to the next M2 bits of the subgroup indication.
· Pros: it is possible to page UEs in different PLMNs(CNs) simultaneously.
· Cons: depending on the specific PEI design, if the total subgroups are shared by CNs, then subgroups used for each PLMN(CN) are reduced and cannot utilize the max number agreed by RAN1; Or if subgroups used for each PLMN(CN) are up to the max number agreed by RAN1, then more bits are needed in PEI for the group indication for multiple PLMNs(CNs).
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Fig.3 Separate subgroups in RAN for different PLMNs(CNs)
· Solution 3:
Different PEI resources (e.g. monitoring occasions) are used for transmitting the group indication for different PLMNs(CNs).
UEs in one PLMN(CN) only need to monitor the PEI associated with their own PLMN(CN).
· Pros: it is possible to paging UEs in different PLMNs(CNs) simultaneously. The number of subgroups used in each PLMN(CN) can be up to the max number agreed by RAN1.
· Cons: more PEI monitoring resources are needed.
[image: ]
Fig.4 Separate PEI resources for different PLMNs(CNs)
For the above two options. We think option 1 is simple and is preferred considering that option 2 requires a lot of RAN1 work and the time budget for this WID is limited.
Observation 1: Option 1(i.e. CN subgrouping is supported for only one PLMN/CN in shared cell) is simple where no further enhancement is needed while option 2(i.e. subgroups assigned by different CNs are separated in shared cell) would be much more complex and will have RAN1 impacts.
Proposal 3: For the RAN sharing scenario, the CN controlled subgrouping is supported/allowed by the gNB for no more than one PLMN/CN in the shared cell.
Proposal 4: The RAN decides and indicates for which PLMN(s)/CN(s) the CN controlled subgrouping is supported in the shared cell. Details on how to signal this information can be discussed further, e.g., by broadcasting the relevant PLMN(s) identity or the CN subgrouping related information per PLMN/CN.
Issue of gNB not supporting CN controlled subgrouping
For RRC_INACTIVE UEs, based on the [Post115-e][089][ePowSav] Paging Subgrouping email discussion, majority of companies prefer to not restrict the paging subgrouping mechanism to only the last used cell, so the anchor gNB should inform other gNBs in the same RNA about UE’s subgroup related information during RAN paging. In [Post115-e][089][ePowSav] Paging Subgrouping email discussion, almost all companies agree that RAN can support either CN assigned subgrouping or UE-ID based subgrouping. Based on our analyses in our contribution [3], even the CN controlled subgrouping is supported and used by CN within the CN registration area, RAN can further determine whether the CN controlled subgrouping is supported and used in a cell. Moreover, even if the RAN has the capability to support CN controlled subgrouping, the RAN can determine whether to use it in a cell.
However, if the anchor gNB does not support the CN controlled subgrouping, it would not be able to transfer such information, which means that the CN controlled subgrouping based RAN paging is not possible within the corresponding RNA.
The UE should be aware of the situation in anchor gNB and aligned with the RAN on whether to use CN subgrouping mechanism to avoid paging detection problems. For instance, an RRC_INACTIVE UE’s anchor gNB1 does not support the CN controlled subgrouping, but later the UE moves to a new serving gNB2 which supports CN controlled subgrouping. The UE under the new serving gNB2 may understand that CN controlled subgrouping can be used, however, the new serving gNB2 cannot use CN controlled subgrouping since the anchor gNB1 is not able to transfer CN controlled subgrouping related information to the new serving gNB2. The mismatch may lead to paging message lost. To solve this issue:
· Option 1
The UE decides whether to use the CN assigned subgroup for RAN paging in a RNA based on whether the anchor gNB uses the CN subgrouping:
· If the anchor gNB uses the CN controlled subgrouping mechanism, the UE will further decide whether to use the CN assigned subgroup in each cell within the RNA based on the configuration from each cell.
· Otherwise (i.e., the anchor gNB does not use the CN controlled subgrouping mechanism), the UE will not use the CN assigned subgroup within the RNA regardless of the situation in other cells.
This option is simple for UE. However, the anchor gNB may need additional work to maintain the information on whether the CN assigned subgroup is used for each UE. The RAN paging operation for different UEs are differentiated. 
· Option 2
Regardless of whether the CN controlled subgrouping is in use in a cell, the gNB explicitly indicates whether the UE can use CN controlled subgrouping for RAN paging reception within the RNA, or whether it has the capability to support CN controlled subgrouping. Hence, the UE can know whether the anchor gNB is able to transfer CN subgrouping related information for RAN paging, and can clearly know whether it can use the CN assigned subgroups in other cells within the RNA to avoid the mismatch issue above..
Proposal 5: The gNB informs the UE whether the UE can use CN controlled subgrouping for RAN paging reception within the RNA.
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 6: 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 [4] 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 7: Consider weight-UE ID based UE subgrouping solution where each UE subgroup is assigned a weight for dynamic grouping adaptation.
Paging differentiation
· CN/RAN paging differentiation
The issue of unnecessary RAN paging reception by the RRC_IDLE UEs was raised before [2]. Considering that the RRC_INACTIVE UEs are in general more likely to be paged than RRC_IDLE UEs, we believe that the issue of RRC_IDLE UEs receiving unnecessary RAN paging will exist and will result unnecessary power consumption in RRC_IDLE UEs. We think this issue needs to be addressed and power saving gain for RRC_IDLE UEs can be achieved if such irrelevant RAN paging receptions are avoided. Moreover, considering the fact that the number of RRC_IDLE UEs may be fairly large compared to RRC_INACTIVE UEs, we think it is worthwhile to pursue such power saving gain since a large portion of UEs can get the benefit. 
We analyses the paging probabilities under different load conditions and for different ratios of idle and inactive UEs. .
In our analysis, we assume the ‘traffic model’ in idle mode is as follows:
Table 1 Parameters of traffic mode in idle mode
	Parameter
	Notation

	The number of UEs sharing the same PO
	N

	The ratio of RRC_IDLE UEs
	x

	The ratio of RRC_INACTIVE UEs
	y (=1-x)

	The probability of CN paging
	p

	The probability of RAN paging
	q


With the above parameters, the probability of different types of paging on a PO can be derived by the following equations:
;
;

For analysis, two scenarios  are considered: light load and high load paging scenarios, where for light load N is set to 10 while for high load, i.e. there would be a large number of UEs within the TA, N can be set to 50. The value of (p, q) is set to (0.5%, 1.5%) and (0.8% and 1.2%) respectively. The ratio of idle UEs and inactive UEs (i.e., the value of (x, y)) is set to (70%, 30%) and (60%, 40%) respectively. Probabilities of different types of paging on a PO derived based on the above equations are given below in Table 2.
Table 2 Paging probabilities on a PO
	
	Paging type
	The value of (p, q):
(0.5%, 1.5%) vs. (0.8%, 1.2%)

	
	
	Ratio of idle and inactive UEs :

	
	
	Idle: x = 70%
Inactive: y = 30%
	Idle: x = 60%
Inactive: y = 40%

	Light load (N = 10)
	RAN paging only
	4.28% / 3.36%
	5.69% / 4.49%

	
	CN paging only
	3.30% / 5.27%
	2.79% / 4.48%

	
	Both CN and RAN paging
	0.15% / 0.19%
	0.17% / 0.22%

	
	Portion of RAN only paging in all paging types
	55.38% / 38.08%
	65.77% / 48.84%

	High load (N = 50)
	RAN paging only
	17.02% / 12.50%
	22.44% / 16.86%

	
	CN paging only
	12.83% / 20.45%
	10.32% / 16.82%

	
	Both CN and RAN paging
	3.26% / 4.06%
	3.64% / 4.59%

	
	Portion of RAN only paging in all paging types
	51.40% / 33.79%
	61.65% / 44.05%



As can be observed, the RAN-only paging accounts for a large part of the total received paging, which implies that RRC_IDLE UEs performs unnecessary RAN paging PDSCH reception most of the time.
A simple and straightforward way that is decoupled with the UE grouping mechanism is to introduce new information directly indicating the type of paging (i.e., CN and/or RAN initiated). 
For instance, if the information indicating the presence of only RAN paging or absence of CN paging is carried in PEI or paging DCI, then even though the RRC_IDLE UEs and RRC_INACTIVE UEs are in the same group, UEs can further decide whether to receive paging messages based on the indication and their own RRC state, such that RRC_IDLE UEs can avoid paging reception when there is only RAN paging.
Considering that the gNB is aware of the paging type and available bits in PEI/paging DCI are not very limited, we think this solution is easy to implement and the specification impact is relatively small.
Observation 2: Informing UEs the type of paging (i.e., CN and/or RAN initiated) can avoid unnecessary RAN paging reception by RRC_IDLE UEs, which brings considerable power saving gain for RRC_IDLE UEs.
· MBS paging differentiation
As presented below, R17 NR Multicast has agreed that the legacy POs for the UEs with deactivated multicast session(s) would be used for multicast activation which contains MBS session ID in the notification.
	RAN2#114-e
· Use PCCH for Multicast activation notification (also for MBS supporting nodes). 
· Confirm that we convey the MBS session ID in the notification. 
· Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)

RAN2#115-e
· Provided RAN3 confirms, paging for multicast activation notification is used in the relevant legacy POs for the UEs with deactivated multicast session(s).

RAN3#113e
About Group Paging
Introduce a new class 2 procedure for multicast MBS Group Paging in NGAP and XnAP as Multicast Group paging (NGAP) and RAN Multicast Group Paging (XnAP) respectively.
The NGAP Multicast Group Paging procedure shall carry the following information: MBS Session ID, MBS Service Area(s), a list of (UE specific paging Identity/Identities or a derived identity/identities. FFS: how to deal with (UE specific) DRX informatio



For MBS group paging, the CN needs to compile the UE list involved in the group paging, and if we assume MBS group paging is not considered in PEI, for a paging message containing MBS group paging, the CN would have to determine all subgroups that contain at least a single UE subscribed to an MBS service. Based on this, bits in PEI could be set properly. Such approach would not only require CN to perform a rather complicated process to identify the sub-groups based on IDs of all UEs subscribed to MBS services, but would also cause other UEs in the PEI subgroups, which did not join any MBS service, to be invoked unnecessarily. If we had an indicator or subgroup specific for MBS group paging, then we could only set the MBS subgroup bit to true in PEI and if no other PEI bit would be enabled, all UEs not subscribed to an MBS service (and hence, not in MBS subgroup) would not be invoked to monitor PO. Thus, “false alarm” for paging reading can be avoided. The CN would also not be required to indicate the subgroup info to the gNB as the gNB can set the MBS specific bit in PEI based on group paging notification.
Similar to the above-mentioned issue of CN/RAN paging, the negative impact of MBS paging can be reduced by early indication of whether the paging intention is MBS activation such that irrelevant UEs can avoid unnecessary paging reception.
Observation 3: Informing UEs whether the paging is intended for MBS activation can avoid unnecessary paging reception by UEs not subscribed to an MBS service, which reduces the negative impact on power consumption.
Proposal 8: Introduce new information in PEI or paging DCI for paging differentiation to reduce unnecessary paging reception by irrelevant UEs. Possible information includes:
· Indication of whether the paging is CN-initiated or RAN-initiated;
· Indication of whether the paging is for MBS activation.
Conclusion
[bookmark: OLE_LINK3]In this paper we discuss detailed designs for paging subgrouping and investigate other possible paging enhancements beside the subgrouping mechanism. Observations and proposals are summarized as below.
CN controlled subgrouping
Proposal 1: Specify the evaluation principle for paging probability calculation.
Proposal 2: RAN2 to consider the subgroup ID mapping based on the progress on PEI design in RAN1.
Observation 1: Option 1(i.e. CN subgrouping is supported for only one PLMN/CN in shared cell) is simple where no further enhancement is needed while option 2(i.e. subgroups assigned by different CNs are separated in shared cell) would be much more complex and will have RAN1 impacts.
Proposal 3: For the RAN sharing scenario, the CN controlled subgrouping is supported/allowed by the gNB for no more than one PLMN/CN in the shared cell.
Proposal 4: The RAN decides and indicates for which PLMN(s)/CN(s) the CN controlled subgrouping is supported in the shared cell. Details on how to signal this information can be discussed further, e.g., by broadcasting the relevant PLMN(s) identity or the CN subgrouping related information per PLMN/CN.
Proposal 5: The gNB informs the UE whether the UE can use CN controlled subgrouping for RAN paging reception within the RNA.

UE ID based subgrouping
Proposal 6: 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 7: Consider weight-UE ID based UE subgrouping solution where each UE subgroup is assigned a weight for dynamic grouping adaptation.

Paging differentiation
Observation 2: Informing UEs the type of paging (i.e., CN and/or RAN initiated) can avoid unnecessary RAN paging reception by RRC_IDLE UEs, which brings considerable power saving gain for RRC_IDLE UEs.
Observation 3: Informing UEs whether the paging is intended for MBS activation can avoid unnecessary paging reception by UEs not subscribed to an MBS service, which reduces the negative impact on power consumption.
Proposal 8: Introduce new information in PEI or paging DCI for paging differentiation to reduce unnecessary paging reception by irrelevant UEs. Possible information includes:
· Indication of whether the paging is CN-initiated or RAN-initiated;
· Indication of whether the paging is for MBS activation.
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