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1. Introduction
In RAN2#113bis-e, UE sub-grouping for paging enhancement was discussed, and the following agreements were made:
	· 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). 
· We adopt Network controlled subgrouping (based on individual UE characteristics, not specified or limited to paging prob as EUTRA, possibly with additional randomization)




In this contribution, we will further discuss UE subgrouping for paging enhancement, focus on the specific issue whether CN or RAN shall control the UE grouping.
2. Discussion
2.1. CN or RAN controlled subgrouping
As agreed in the RAN2#113bis-e meeting, we adopt network controlled subgrouping, the motivation is to allow the network the flexibility to provide UE specific grouping possibly even in a future release in a backward compatible way with no additional UE complexity.

In the RAN2#113bis-e meeting, we briefly discussed which network node assigns the subgroup.  The UE subgroup assignment may be done by CN or RAN. In this contribution, we will investigate the procedures for CN or RAN controlled subgrouping and compare the differentiation between them.
CN controlled subgrouping
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Figure 1:  CN Controlled subgrouping procedure
Taking Figure 1 as an example, CN controlled subgrouping procedure includes below steps:

0. CN needs to determine the paging subgrouping configuration and transfers it to the gNBs, in which the number of UE groups is carried, when NG interface is established or updated, and the gNB stores paging subgrouping configuration.

1. UE initiates the registration procedure, which triggers CN to assign UE subgrouping.
2. CN performs subgrouping assignment. Naturally, the subgrouping assignment generally is consistent over a registration area.
3. UE is configured with #UE subgroup ID via NAS message, e.g. Registration Accept, or via RRC message as well e.g. RRC Release.
4. UE monitors paging based on the configured #UE subgroup ID.
5. CN sends paging messages, which may contain #UE subgroup ID.
6. The gNB sends paging messages to UE with #UE subgroup ID.
RAN controlled subgrouping
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Figure 2:  RAN Controlled subgrouping procedure
Taking Figure 2 as an example, RAN controlled subgrouping procedure includes below steps:
0. gNB needs to coordinate with CN the number of UE groups, and inform CN such number when NG interface is established or updated, and CN stores paging subgrouping configuration.
1. UE enters into RRC_CONNECTED state, which triggers RAN to assign UE subgrouping.

2. RAN performs subgrouping assignment.

3. UE is configured with #UE subgroup ID via RRC Release message.
4. The gNB provides paging subgrouping configuration to CN when the signaling connection is released, in which #UE subgroup ID is carried.

5. UE monitors paging based on the configured #UE subgroup ID.

6. CN sends paging messages via the source gNB, which may contain #UE subgroup ID.

7. The source gNB sends paging messages to UE with #UE subgroup ID.

8. UE performs Cell reselection from the source gNB to the target gNB, and No connection establishment procedure is triggered.

9. CN sends paging messages via the target gNB, which must contain #UE subgroup ID, unless the paging subgrouping configuration (carrying the number of UE groups and #UE subgroup ID) has been stored in all related gNBs.
10. The target gNB sends paging messages to UE with #UE subgroup ID.

Comparing above CN or RAN controlled subgrouping procedures, we may observe below key issues:

A. UE Subgrouping decision: Network decides paging subgrouping configuration i.e. the number of UE groups and #UE subgroup ID. 
The number of UE groups is restricted by the bit number or sequence number which is used to indicate the UE subgroup. In order to obtain the maximum power saving gain, all available bits/sequences should be used. In this way, the number of UE groups should be unified from network point of view. 
While, #UE subgroup ID is decided by network nodes, i.e. CN or RAN. In this way, 
· In case of CN controlled subgrouping procedure, assuming the number of UE groups is decided via OAM, CN will decide #UE subgroup ID and include the UE group ID in the paging message. 
· In case of RAN controlled subgrouping procedure, RAN decides #UE subgroup ID for each UE and informs CN. CN needs to inform other non-anchor gNBs in the paging message when paging such UE.
B. Paging strategy consistency: the paging grouping strategy may be different between different gNBs.
Regarding CN controlled subgrouping, it’s natural that the subgrouping assignment is consistent over the registration area. If UE moves out of the registration area, the registration procedure shall be triggered, by which UE subgrouping ID assignment is initiated.
Regarding RAN controlled subgrouping, UE grouping should not change within a registration area. Otherwise, the UE may not know which group it belongs to upon reselection to another cell. Hence, the source gNB shall provides paging subgrouping configuration to CN when the signaling connection is released, in which the #UE subgroup ID is carried.  CN transfer paging subgrouping configuration to the other related gNBs when paging this UE. In this case, the other gNB cannot change the UE’s subgrouping until connection setup towards the other gNB is triggered.
Therefore, the paging grouping strategy shall be generally consistent over a registration area, which is same for CN or RAN controlled subgrouping procedure. However, RAN controlled subgrouping needs more RAN-CN interworking to align the paging grouping strategy between different gNBs.
Observation 1: If network controlled subgrouping is supported, the paging grouping strategy should be generally consistent over a registration area.
Observation 2: From RAN-CN interworking perspective, CN controlled subgrouping is simpler than RAN controlled subgrouping.
C. Subgrouping flexibility:  As discussed in RAN2#113bis-e meeting [1], subgrouping can be left to network implementation to provide further grouping which can be based on network considerations, such as:
· Paging probability.
· UE power consumption profile

· Mobility pattern:  Dedicated paging group for moving UE or Stationary UE
· RRC State (IDLE, INACTIVE)

· UE ID, etc.
Most of the above required information to determine UE subgrouping are already available to CN. Paging probability, power consumption profile, mobility pattern and UE ID can be derived from UE subscription or capability information. 
If RAN is the node to control the subgrouping, based on the network controlled subgrouping by network implementation, CN may have to provide necessary information to the RAN, so that the RAN can determine the UE subgrouping based on these information. Conveying such required assistant information will impact CN and the interfaces.
Observation 3: CN controlled subgrouping is simpler than RAN controlled subgrouping for paging enhancement.

Based on above comparative analysis, CN controlled subgrouping is simpler and more reasonable. While subgrouping at network side should be left to network implementation.
Proposal 1: CN controlled subgrouping is adopted for network controlled subgrouping approach.
Proposal 2: The signaling procedure defined in Figure 1 is taken as the starting point for CN controlled subgrouping. 
Proposal 3: UE group ID is determined and configured by CN, which is up to network implementation, i.e. based on individual UE characteristics are not specified.
2.2. Co-existence with UE_ID based subgrouping
In the last meeting, we agreed 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).
Specific subgrouping information includes the number of subgrouping and #UE subgroup ID, which can be configured via SIB and NAS/RRC message, respectively. In our understanding, both configurations should be optional, i.e., #UE subgroup ID is optionally provided by NAS/RRC message, while the number of subgroupings is optionally present in system information.
From UE perspective, there may be below configuration cases for paging reception procedure:

Case 1:  #UE subgroup ID is provided. In this case, UE should follow the network controlled subgrouping.
Case 2: #UE subgroup ID is not provided, the number of subgroupings is provided. In this case, randomization subgrouping based on UE-ID should be adopted.
Case 3: subgrouping information is not provided, neither #UE subgroup ID, nor the number of subgroupings. In this case, subgrouping is not supported.
Proposal 4: Subgrouping information includes the number of subgrouping and #UE subgroup ID, which can be configured via SIB and NAS/RRC message, respectively.
Proposal 5: If #UE subgroup ID is not provided, while the number of subgroupings is provided, randomization subgrouping based on UE-ID is adopted.
3. Conclusion

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

Observation 1: If network controlled subgrouping is supported, the paging grouping strategy should be generally consistent over a registration area.
Observation 2: From RAN-CN interworking perspective, CN controlled subgrouping is simpler than RAN controlled subgrouping.
Observation 3: CN controlled subgrouping is simpler than RAN controlled subgrouping for paging enhancement.

Proposal 1: CN controlled subgrouping is adopted for network controlled subgrouping approach.
Proposal 2: The signaling procedure defined in Figure 1 is taken as the starting point for CN controlled subgrouping. 
Proposal 3: UE group ID is determined and configured by CN, which is up to network implementation, i.e. based on individual UE characteristics are not specified.

Proposal 4: Subgrouping information includes the number of subgrouping and #UE subgroup ID, which can be configured via SIB and NAS/RRC message, respectively.
Proposal 5: If #UE subgroup ID is not provided, while the number of subgroupings is provided, randomization subgrouping based on UE-ID is adopted.
4. References

[1] R2-2100389, Report of [POST112-e][064][Pow17] Group Determination (Intel), Intel[image: image3.png]



UE
5. Paging(#UE subgrouping ID)
6. Paging(#UE subgrouping ID)
AMF

gNB
1. Registration Request
2. UE subgrouping Assignment
4. Monitor paging based on #UE subgrouping ID
0. Paging Subgrouping Configuration
Paging Subgrouping Configuration Storing
3. Registration Accept(#UE Subgroup ID)
Registration Complete
Paging Subgrouping Decision



UE
6. Paging (#UE Subgroup ID)
7. Paging(#UE subgrouping ID)
AMF

gNB
1. RRC Connection Establishment
2. UE subgrouping Assignment
3. RRC Release (#UE Subgroup ID)
5. Monitor paging based on #UE subgrouping ID
0. Paging Subgrouping Configuration
(the number of UE groups)
Other gNBs
8. Cell Reselection
9. Paging (#UE Subgroup ID)
10. Paging(#UE subgrouping ID)
Paging Subgrouping Configuration Storing
4. Paging Subgrouping Configuration (#UE Subgroup ID)



