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Introduction 
In the last meeting, RAN2 discussed enhancing the Rel-15 paging and the understanding is that many companies seem to support some form of UE paging group and hence there is an email discussion to discuss this further. 
In the corresponding email discussion [1], UE subgrouping for paging is considered as a candidate for paging enhancement mainly to reduce UE power consumption in idle and inactive mode.
In this contribution, we further provide our view in more details than the information we provided in the email discussion on how to implement UE subgrouping if it is agreed as a solution.
Discussion
How UE for a paging occasion determines its UE subgrouping
Introducing UE paging group is understood to be able to reduce unnecessary PDSCH reception by the UE as not all UEs of a paging occasion needs to decode the PDSCH. This can be achieved by further sub-dividing the UEs of the paging occasion into different UE groups and the network sending the paging can indicate a subset of the UEs of the paging occasion using the UE paging group to inform the UEs whether they need to decode the subsequent PDSCH for paging.  
The wake up for paging can be like the legacy where the UE wakes up every idle DRX period or the UE can wake up earlier to check if it needs to wake up at legacy paging occasion.  Hence such UE paging group information can be provided at the time of wakeup.  
If PDCCH is used during the wakeup (like e.g. in the legacy paging), the UE group identity/identities can be provided in the DCI or indicated by the P-RNTI, The UE group can also be conveyed via frequency domain resource if different resources are used to send the PDCCH DCI for a UE group.  In the case a sequence such as TRS is used for the wake up, the UE group identity/identities can either be conveyed in the sequence/code domain, time domain or frequency domain resources.   How this UE group identity/identities are conveyed via L1 is in the scope of RAN1 and RAN2 should wait for RAN1 progress. 
Observation#1: How UE group identity/identities are conveyed via L1 is in the scope of RAN1 and RAN2 should wait for RAN1 progress.
However, the question for RAN2 is how the UE determines its UE group identity for the paging.  There are 2 ways that UE can determine its UE group identity: 
1. Method 1: via formula derivation similar to the derivation of the paging frame and occasion for an UE 
2. Method 2: via allocation by RAN to the UE before entering idle and inactive mode
For method 1, if the UE paging group is based on L1 radio resources (e.g. sequence, time or frequency domain resources), the configuration is explicitly broadcast, and the UE specific configuration (e.g. sequence to correlate and in which time and frequency resource) is derived via specified formula (e.g. based on NAS UE ID). This will be similar to eMTC/NBIoT where sequence-based wake up signal is used.  Alternatively, if it is based on P-RNTI or some IDs in the DCI, the formula will be a hashing function of some form of UE specific ID (e.g. NAS UE ID) to a specific P-RNTI or the IDs in the DCI. An example of such hashing function can be (NAS UE ID mod (P-RNTI space or ID space in DCI)).
For method 2, The gNB allocates the UE with a subgroup ID before the UE enters idle and inactive mode (e.g. the subgroup ID of a UE is signalled in the RRC release message to the UE). How this subgroup ID is formulated by the gNB can be left to the RAN implementation. The network stores the subgroup ID in the CN for an RRC Idle UE; this is done by gNB providing it to the CN for storage.  In case of inactive mode, the gNB stores the subgroup ID of a UE as part of the UE context.   
The subgroup allocation by gNB determines the group that the UE belongs.  Subgroup ID determines the UE paging subgroup space (e.g. maximum RNTI space reserved for multiple P-RNTI or the subgroup ID space (maximum number of bits reserved) in the DCI or the total amount of physical time and/or frequency resources configured for all the subgroup).The UE stores the subgroup ID allocated by the gNB.  It then works out the subgroup space that it should monitor for Paging (e.g. RNTI space reserved for multiple P-RNTI or the subgroup ID space (number of bits reserved) in the DCI or the total amount of physical time and/or frequency resources configured for all the subgroup) when it is Idle or INACTIVE state.  Since every cell may configure different number of subgroups, the subgroup ID allocated can be modular-ed to the subgroups in the cell by the UE and gNB.
For CN paging for UE in idle mode, as mentioned above, gNB provides the subgroup ID to the CN when the UE goes to Idle.  The AMF includes this subgroup ID with the CN paging message sent to the gNB.
For RAN paging where the UE context is stored at the source gNB along with the stored subgroup ID in the source gNB node.  It is used to page a UE if the UE in the RAN paging area.   For the cells of another gNB node (e.g. when the gNB paging area is bigger than the source gNB), the source gNB can provide the subgroup ID of the UE to be paged to the target gNB along with the RAN paging message.  The target gNB uses it to determine the corresponding L1 resource/P-RNTI or indicate the subgroup ID in the DCI to signal the UE to receive paging. 
If there is a need to change the anchor RAN (e.g. handover occurs, resumption/re-establishment occurs, etc), the subgroup ID of a UE can be transferred from the source to the target RAN as part of the UE context transfer during HO and resumption/re-establishment.  An alternative way is to always provide a new subgroup ID for the UE at every RRC release. The latter seems to be simpler in our view.
Both methods can be made to work. However we have preference for method 2 as there is no need to specify the method used for the subgrouping in the specification and hence it can be made to be transparent to any UE and can be left to network implementation to ensure UE subgrouping for UEs is secured.  This makes the solution flexible, allowing the network to implement the optimal method rather than be tied to the specified algorithm that may not be optimal for a UE or may not be optimal in the future.
Observation#2: With method 2 (i.e. via allocation by RAN to the UE before UE entering idle and inactive mode), the network can take into consideration all the paging factors (e.g. NAS UE ID, paging probability, UE mobility, idle vs inactive, Rel-17 vs legacy) into account in allocating the UE subgroup identity.
Proposal#1: UE subgroup identity for paging is determined by RAN and always provided to the UE when entering idle and inactive mode in the RRC release message or any other RRC message during RRC Connected.
Other Information that can be used for reducing unnecessary wakeup or PDSCH reception
In some of the contributions from the last meeting, there are proposals for the network to indicate whether the paging is for idle and inactive mode UE. For idle mode UE, the paging is from the CN while for inactive mode UE, the paging is from RAN.  If an idle mode UE knows the paging is from RAN, it can avoid having to decode either the PDCCH and PDSCH (if indicated via L1 resources or P-RNTI) or PDSCH (if indicated via PDCCH) and hence reduce power consumption. Likewise for an inactive mode UE. 
We can see that this is feasible to UE in idle mode. However, whether to apply to inactive UE, CN paging is normally the fallback mechanism if UE and network becomes out of sync on the RRC states (i.e. whether the UE is in inactive or in idle mode). Avoiding inactive mode UE from receiving CN paging may result in another solution for the fallback. Hence, we would prefer that this optimisation is not applied to inactive mode UE.  For idle mode UE, it would depend on how much power saving can be achieved in additional to UE paging grouping.
Proposal#2: Inactive mode UE should monitor for both RAN and CN paging. For idle mode UE, it can ignore RAN paging (e.g. if indicated in the DCI of the PDCCH) if it is found to reduce in UE power via the evaluation. 
Other specification impact related to paging enhancement
If method 1 in Section 2.1 is adopted and UE subgrouping is supported by the UE, it needs to be indicated in the UE paging radio capability container stored in AMF for idle mode UE and later shared with gNB during CN paging mechanism so that gNB can perform UE group paging for the UEs supporting UE paging group. This capability information is also needed by the anchor gNB for paging the inactive mode UE via forwarding this capability to the target gNB to perform the paging based on the capability.
If method 2 in Section 2.1 is adopted, the UE subgroup ID will need to be provided by gNB to AMF so that it can be provided back to the gNB for CN paging.  This UE subgroup ID is used to indicate to the gNB that it supports UE subgrouping to the gNB.
Proposal#3: If RAN2 decide to go with method 1 (i.e. via formula derivation similar to the derivation of the paging frame and occasion for an UE): Include the UE paging group capability in the UE paging radio capability container so that gNB can page the UE in idle or inactive mode either by legacy paging or paging with UE paging group capability, For method 2 (I.e. via allocation by RAN to the UE before entering idle and inactive mode), the UE subgroup ID is used to indicate to the gNB that it supports UE subgrouping.

Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation#1: How UE group identity/identities are conveyed via L1 is in the scope of RAN1 and RAN2 should wait for RAN1 progress.
Observation#2: With method 2 (i.e. via allocation by RAN to the UE before UE entering idle and inactive mode), the network can take into consideration all the paging factors (e.g. NAS UE ID, paging probability, UE mobility, idle vs inactive, Rel-17 vs legacy) into account in allocating the UE subgroup identity.
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