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Introduction 
In the last meeting, RAN2 discussed the network assigned subgrouping and made the following agreement:
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

An email discussion [1] further discussed in general the network based subgrouping and UE based UE-ID subgrouping.
In our companion paper [2], it is proposed that the CN provides the UE with the assigned subgrouping ID based on the UE characteristics. As cells within a TA may support different subgrouping configuration (i.e. uses different number of subgroups), the CN should provide the UE with the assigned subgrouping ID corresponding to each possible subgrouping configuration.
In this contribution, we further discuss from the UE behaviour.  
Discussion
Determination of the PO and its PEI
The determination of the PO for a UE is as per legacy which is based on the NAS UE ID and the formula in TS38.304.  It is assumed that each of the PO will have a PEI that will occur before the PO of the UEs.  The timing of the PEI to its PO are assumed to be part of the L1 configuration.
Observation#1: The determination of the PO for a UE is as per legacy
Observation#2: The PEI associated to a given PO of a UE is assumed to be part of the L1 configuration and will be decided by RAN1.
Determination of the subgroup of a UE for network assigned subgrouping
In our companion paper [2], it is proposed that the CN provides the UE with the assigned subgrouping ID based on the UE characteristics. If cells within a paging area support different subgrouping configuration (i.e. uses different number of subgroups), the CN should provide the UE with the assigned subgrouping ID corresponding to each possible subgrouping configuration.
RAN1 agreed that PEI can be either one of the following pending further down selection:
Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI

Further agreement is made on each of the PEI approach:
Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
2. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
2. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
2. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span

From the above RAN1 agreements, the PDCCH based PEI will be done via a bitmap in the DCI payload while SSS-based PEI and TRS-/CSI-RS based PEI is based on sequence.  The subgroup ID assigned by the CN will indicate one of the sequences in the case of SSS-based PEI and TRS-/CSI-RS based PEI, or a bit in the bitmap related to the subgroup in the case of PDCCH based PEI. 
As mentioned in [2], if different cells in the registration have different paging configuration/strategy (i.e.  total number of UE paging subgroup can differ from cell to cell), the CN can provide a set of assigned subgroups to handle the different subgrouping configuration over the different cells within the TA.  For example, in the case of sequence based PEI, some cells support 4 sequences and other ones support 8 sequences, the CN provides the UE subgroup for cell with 4 sequences as well as for cell with 8 sequences.   
If the UE is provided with a set of subgroup ID each for different subgrouping configuration (i.e. different number of subgroups), the UE will use the subgroup ID corresponding to the maximum number of subgroups broadcast in the serving cell. The UE uses the subgroup ID assigned by the CN to use for identifying the bit to monitor in the bitmap in the case of PDCCH-based PEI or the sequence to detect in the case of SSS-based PEI or TRS/CSI-RS based PEI.
Proposal#1: The subgroup ID assigned by the CN will indicate one of the sequences in the case of SSS-based PEI and TRS/CSI-RS based PEI or a bit in the bitmap related to the subgroup in the case of PDCCH based PEI. The UE uses the subgroup ID assigned by the CN to identify the bit to monitor in the bitmap in the case of PDCCH-based PEI or the sequence to detect in the case of SSS-based PEI or TRS/CSI-RS based PEI.
Proposal#2: If there is a need to support different number of subgroups within a paging area, UE can be provided with a set of subgroup ID each for different subgrouping configuration (i.e. different number of subgroups). If the UE is provided with a set of subgroup ID each for different subgrouping configuration, the UE will use the subgroup ID corresponding to the maximum number of subgroups broadcast in the serving cell which would determine the subgroup to monitor paging.
Interaction with UE based UE-ID subgrouping and legacy paging.
In RAN2#113bis-e meeting, RAN2 agreed the following:
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).  
As captured in the agreement, there will be configuration option to use the UE based UE-ID subgrouping.  This configuration could be in the SIB or the CN can configure whether the UE performs the network assigned subgrouping or whether it performs a UE based UEID subgrouping.
For the subgrouping supported by randomization (by UE-ID), it is assumed that the subgroup ID can be derived by the UE based on the hashing of the UE-ID (e.g. subgroup ID = UE-ID mod (total number of subgroups for the cell).  This is referred to as the UE based UEID subgrouping in the following.
If the CN provides the UE with the CN assigned subgroups (i.e. subgroup IDs) while the serving cell of the UE indicates support of subgrouping configuration (i.e. corresponding subgroup configuration for each of the subgroup ID (e.g. the sequence in the case of SSS-based PEI and TRS/CSI-R PEI or the bit to monitor in the bitmap)), the UE shall perform CN assigned subgrouping.  If the CN does not configure CN assigned subgroups and UE based UEID subgrouping is configured, , UE supporting subgrouping should perform UE based UE ID subgrouping. Otherwise, the UE performs legacy paging.
Proposal#3: UE performs CN assigned subgrouping if CN provides the UE with the assigned subgroups while the serving cell of the UE indicates support of subgrouping,
Proposal#4: UE performs UE based UEID subgrouping if CN does not configure CN assigned subgroups and UE based UEID subgrouping is configured.  
Proposal#5: UE should perform legacy paging if both of the conditions of Proposal#3 and #4 are both not satisfied
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation#1: The determination of the PO for a UE is as per legacy
Observation#2: The PEI associated to a given PO of a UE is assumed to be part of the L1 configuration and will be decided by RAN1.
Proposal#1: The subgroup ID assigned by the CN will indicate one of the sequences in the case of SSS-based PEI and TRS/CSI-RS based PEI or a bit in the bitmap related to the subgroup in the case of PDCCH based PEI. The UE uses the subgroup ID assigned by the CN to identify the bit to monitor in the bitmap in the case of PDCCH-based PEI or the sequence to detect in the case of SSS-based PEI or TRS/CSI-RS based PEI.
Proposal#2: If there is a need to support different number of subgroups within a paging area, UE can be provided with a set of subgroup ID each for different subgrouping configuration (i.e. different number of subgroups). If the UE is provided with a set of subgroup ID each for different subgrouping configuration, the UE will use the subgroup ID corresponding to the maximum number of subgroups broadcast in the serving cell which would determine the subgroup to monitor paging.
Proposal#3: UE performs CN assigned subgrouping if CN provides the UE with the assigned subgroups while the serving cell of the UE indicates support of subgrouping,
Proposal#4: UE performs UE based UEID subgrouping if CN does not configure CN assigned subgroups and UE based UEID subgrouping is configured. 
Proposal#5: UE should perform legacy paging if both of the conditions of Proposal#3 and #4 are both not satisfied
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