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Introduction
RAN2 agreed to adopt a NW controlled subgrouping approach to reduce the risk of false paging. Details of a NW controlled approach are further discussed in this contribution.
The following topics are discussed in more details:
· CN vs RAN controlled grouping
· UE assistance
· Fallback to UE_ID based grouping
· UE_ID based grouping details
[bookmark: _Toc242573354]Background
RAN2#113-e
Based on email discussion #064 before RAN2#113-e [1] the proposed grouping methods were discussed online, and the following agreements were reached: 
There is support to have UE ID based enhancement
There is still significant interest to have other additional methods (but also some concerns). The approach to have a single mechanism that can take several aspects into account can be a way forward. There are still questions on the details, e.g. whether CN or RAN would provide a parameter. 
RAN1#103:
RAN1 replied in LS to RAN2 about the paging enhancements [3]:
Carrying UE subgroups information is considered in physical layer design for paging enhancement
· Note: The number of UE subgroups RAN1 has evaluated ranges from 2 to 16 for a PO
For the items down prioritized by RAN2, RAN1 agrees that they can be down prioritized and RAN1 will not work further on the following items:
· UE subgroup indication by using multiple P-RNTIs;
· Paging for UE subgroups using different time/frequency resources.
RAN2#113bis-e:
Concerning the grouping method RAN2 agreed: 
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)
RAN2 also briefly discussed the number of groups needed, and indicated that at least 8 should be needed, but to leave the decision on the final value to RAN1 [2].
RAN1#103bis:
RAN1 evaluated and compared different PEI candidate designs (PDCCH/sequence/TRS/CSI-RS-based). 
Discussion
[bookmark: _Hlk67543382]CN vs RAN controlled grouping
RAN2 agreed to adopt a NW controlled grouping, but did not decide whether this is CN or RAN controlled. The following options are identified:
Option 1:
· CN controlled (idle and inactive mode)
Option 2:
· CN controlled (idle mode)
· RAN controlled (inactive mode)
Option 3: 
· RAN controlled (idle and inactive mode)
Evaluation:
	
	Pros
	Cons

	Option 1
	- CN has subscription info, UE type (e.g. RedCap), and paging statistics to do proper grouping.
- CN can provide a consistent grouping policy within the RAN.
- The CN can provide assistance information for RAN paging. 
	- Impact on other WGs
- Larger threshold for deployment

	Option 2
	- Aligns with existing paging framework
	- Group assignment should not depend on RRC state

	Option 3
	- Smaller threshold for deployment
	- RAN does not have the information (subscription info, paging probability, etc.) to decide on grouping.
- Requires coordination for a consistent RAN policyNOTE (e.g. via OAM in the complete TA/RNA) which is costly for the operator to configure. There can be restrictions to enforce the same policy between RAN nodes from different vendors. 


NOTE: The UE_ID based approach is a RAN based assignment, which does not require coordination in RAN, and can be applied locally in the cell. 
Based on the evaluation above it is proposed: 
Proposal 1: The CN assigns a group number to the UE, which is left to CN implementation.
UE assistance
In case UE assistance is used, the CN practically gives the UE the control which group to choose, unless the CN takes further effort to check and monitor if the UE provided reliable and accurate information. But the latter option is a complexity that the network would typically like to avoid, provided that it is possible to implement at all. It is also not clear that the UE has information which the CN does not have, i.e. whether there is a need for the UE to send it (e.g. UE type, paging probability, etc). 
When UE assistance is introduced, then this is likely going to restrict the options that the NW has to assign groups. We do not see the need to have pre-defined group types e.g. paging probability, power sensitive, etc. The NW can perhaps ignore the UE assistance, but it would not be able to ignore pre-defined UE groups. The group assignment should be left completely to CN implementation: 
Proposal 2: UE assistance with CN assigned grouping is not needed. 
UE assistance signalling can be ignored by the NW. Introduction of UE assistance shall not lead to pre-defined UE groups (e.g. group 1 power sensitive, group 2 low paging probability, etc). 
Proposal 3: There are no pre-defined UE groups which restrict the CN group assignment.
Fallback to UE_ID based grouping (random approach)
The gNB could indicate in SI:	
· Grouping_support Boolean
· Grouping_method: {CN-assigned, UE_ID, …}
This means that if Grouping_support is set, then group info is provided via PEI or Paging PDCCH when a Paging message via PDSCH is sent in the PO or "all groups" info is provided when short message is included. If the UE receives group info via PEI or Paging PDCCH to which it does not belong the UE may skip the following PO. 
Proposal 4: Fallback to UE_ID approach is indicated in system information (details FFS). 
UE_ID based grouping details
Most companies agree that a UE ID based grouping can be used to reduce false paging alarms. The UE_ID based approach is also used to randomly distribute the UEs over the available POs in the DRX cycle for normal paging. Furthermore the UE_ID based grouping is a relatively simple method:
Proposal 5: UE ID based grouping can be used to reduce false paging alarms.
It needs to be specified exactly how the grouping is done:
Proposal 6: Specify in 38.304 how the UE determines to which group i_g its belongs based on its UE_ID:
i_g = (UE_ID/N*Ns) mod Ng

With:
Ng: Total number of groups
i_g: group index ranging from 0 to Ng-1
N: number of total paging frames in T
Ns: number of paging occasions for a PF
For the UE to determine to which group it belongs, the total number of groups parameter (Ng) needs to be added to the PDCCH-Config in SIB1: 
Proposal 7: Introduce "Number of groups" parameter (Ng) in PDCCH-config in SIB1.
The presence of Ng parameter in SIB1 indicates that the gNB supports UE_ID based grouping.
Proposal 8: Presence of Ng parameter in SIB1 indicates that gNB supports UE_ID based grouping. 
The number of reserved bits in paging DCI (6-8 bits) and Short Message (5 bits) is limited, and spare bits should be left for enhancements in later releases. On the other hand a certain number of bits is required to enable significant power savings. In our view up to 4 bits in Paging PDCCH can be spent to indicate which group(s) are paged. But to enable flexibility, and avoid wasting bits on a feature that is not deployed, it is proposed to make the use bits or codepoints to indicate a group configurable in SIB1:
· Bit: a single bit corresponds to a group
· Codepoint: a single codepoint corresponds to a group (one codepoint is used for "all groups")
A bit configuration enables the network to signal more than one group per PO, even though typically/average one UE is paged per PO. A codepoint configuration enables the network to use more groups, but groups cannot be signalled individually, i.e. only one group of all groups:
Proposal 9: The use of bit or codepoint to indicate a group is configured in PDCCH-config in SIB1.
To enable re-use of these 4 bits by another feature when grouping is not deployed it is proposed to specify that these 4 bits indicate the group that is paged (only) when Ng parameter is present in SIB1: 
Proposal 10: Presence of Ng parameter in SIB1 indicates that Paging PDCCH bits are used for grouping. 
In case RAN2 agrees to proposal 10, then this approach could potentially be re-used for other features in later releases as well.
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[bookmark: _Toc242573361]RAN2 is kindly asked to discuss grouping methods for paging: 
Proposal 1: The CN assigns a group number to the UE, which is left to CN implementation.
Proposal 2: UE assistance with CN assigned grouping is not needed. 
Proposal 3: There are no pre-defined UE groups which restrict the CN group assignment.
Proposal 4: Fallback to UE_ID approach is indicated in system information (details FFS). 
Proposal 5: UE ID based grouping can be used to reduce false paging alarms.
Proposal 6: Specify in 38.304 how the UE determines to which group i_g its belongs based on its UE_ID:
i_g = (UE_ID/N*Ns) mod Ng

With:
Ng: Total number of groups
i_g: group index ranging from 0 to Ng-1
N: number of total paging frames in T
Ns: number of paging occasions for a PF
Proposal 7: Introduce "Number of groups" parameter (Ng) in PDCCH-config in SIB1.
Proposal 8: Presence of Ng parameter in SIB1 indicates that gNB supports UE_ID based grouping. 
Proposal 9: The use of bit or codepoint to indicate a group is configured in PDCCH-config in SIB1.
Proposal 10: Presence of Ng parameter in SIB1 indicates that Paging PDCCH bits are used for grouping. 
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