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Introduction
In this contribution grouping methods to minimize false paging alarms are discussed further. 
[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#
RAN1 replied in LS to RAN2 about the paging enhancements [2]:
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.
Discussion
[bookmark: _Hlk67543382]UE_ID based grouping
Most companies agree that a UE ID based grouping can be used to reduce false paging alarms [1]. The UE_ID based approach is also used to 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 1: UE ID based grouping can be used to reduce false paging alarms.
It needs to be specified exactly how the grouping is done:
Proposal 2: 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) mode 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 PDCC-Config in SIB1: 
Proposal 3: 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 4: 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 of a 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 5: 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 3 bits indicate the group that is paged (only) when Ng parameter is present in SIB1: 
Proposal 6: Presence of Ng parameter in SIB1 indicates that Paging PDCCH bits are used for grouping. 
In case RAN2 agrees to proposal 6, then this approach could potentially be re-used for other features in later releases as well. 
Paging probability based grouping
It is our understanding that this grouping scheme aims towards fairness, i.e. the UEs in a group should cause false pages to each other in a fair way i.e. equal amount. This can be compared to a train with silent compartments, where people can enjoy the silence, or the main compartment where all the fun is. We do not think that this scheme further reduces the false alarm rate compared to grouping based on UE-ID, i.e. reduction in false alarm rate in first order depends on the number of groups that are used. 

This scheme only works (for fairness) when there are different groups with different paging probabilities in NR, and when the paging probabilities can be determined reliably for individual UEs. It is not clear that in NR there will be groups with significant paging probabilities. Furthermore we wonder if the paging probability of the UE may depend on the time of day, day of the week, i.e. whether the paging probability of the UE is constant over time. 

We think that the MTC/NB-IOT paging probability procedure is too complex/complicated and over-engineered for the small power saving gains it provides. We think it problematic to rely on the paging probability provided by the UE, i.e. everybody would like to ride first class for free. We also wonder if the grouping using paging probably should be per individual UE or per UE class/type (e.g. redcap, broadband, small data, etc)? In the event this approach is chosen, we think it should not be limited to grouping based on paging probability, but more general and controlled solely by the NW:
Proposal 7: Paging probability based grouping is not used.
CN/RAN paging differentiation
The proposal is to indicate in the DCI/short message/WUS, whether the scheduled paging message includes only RAN paging (i.e. it does not include any CN paging) or not. This enables the RRC IDLE UE to skip paging if its indicated that the paging only includes RAN paging.
We are not convinced that this is an efficient or effective way of grouping, i.e. the number of UEs in idle or inactive may vary in different cells and during the day. This method can be considered a grouping proposal with one group, and we think it is not an efficient use of a single bit:
Proposal 8: CN/RAN paging differentiation is not used.
Network assigned grouping
A network assigned grouping approach, by RAN or CN, has been discussed in RAN2#113-e. Network assigned grouping is flexible and can be based on different criteria such as paging probability, UE type/capability, subscription info, or any other info available in the network. 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:
Observation 1: The UE_ID based grouping is a RAN based assignment that does not require RAN coordination.
RAN2 can discuss a CN based approach in addition, that is further enhanced compared to the random grouping based on UE_ID.  But we have concerns for a RAN based assignment which may result in different grouping policies in RAN nodes and would require coordination between RAN nodes. For example RAN nodes may use different number of groups or may use different criteria to assign a UE to a group. This creates create problems when the UE has been assigned to a group and re-selects to another cell:
Proposal 9: RAN assigned grouping is not used.
The CN has information about the paging probability, UE type/capability, subscription info, etc, i.e. we do not see a need for UE assistance for CN assigned grouping. We also would like to point out that in case UE assistance is used, the CN would give 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, if it possible to implement at all. Furthermore we do not see the need to have pre-defined group types e.g. paging probability, power sensitive, etc, i.e. we do not see the need or use of such restrictions, i.e. group assignment should be left completely to CN implementation: 
Proposal 10: RAN2 to discuss CN based grouping where the grouping is left to CN implementation.
Mobility indicator
Companies commented that this method does not provide false paging reduction for the first paging attempt. This is a correct observation when the UE is paged in the last paged cell in the first paging attempt only and that the UE did not move. This assumption may not always hold, i.e. the UE is typically paged in all the cells for the gNB in the first attempt. And the UE might have moved since the last paging attempt. But it is a basically a correct observation that the method reduces false alarms due to mobility, i.e. when the UE does not respond to the first paging attempt. 
It is our view that mobility can have a very large impact on the false paging alarms, i.e. can potentially a huge number of false alarms because the complete registration area or RNA is paged, and that it then does not matter that this false alarm was not in the first paging attempt, i.e. that is not the point. 
It is noted that the network may also rapidly escalate the paging to the complete registration area (idle)  or RNA (inactive) in case the network wants to keep the paging latency short. We also would like to note that in case there is indeed a large number of false alarms due to paging, then a single codepoint (not event a bit) can prevent a lot of false alarms: 
Proposal 11: RAN2 to discuss the mobility indicator further.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss grouping methods for paging: 
Proposal 1: UE ID based grouping can be used to reduce false paging alarms.
Proposal 2: 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) mode 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 3: Introduce "Number of groups" parameter (Ng) in PDCCH-config in SIB1.
Proposal 4: Presence of Ng parameter in SIB1 indicates that gNB supports UE_ID based grouping. 
Proposal 5: The use of bit or codepoint to indicate a group is configured in PDCCH-config in SIB1.
Proposal 6: Presence of Ng parameter in SIB1 indicates that Paging PDCCH bits are used for grouping. 
Proposal 7: Paging probability based grouping is not used.
Proposal 8: CN/RAN paging differentiation is not used.
Observation 1: The UE_ID based grouping is a RAN based assignment that does not require RAN coordination.
Proposal 9: RAN assigned grouping is not used.
Proposal 10: RAN2 to discuss CN based grouping where the grouping is left to CN implementation.
Proposal 11: RAN2 to discuss the mobility indicator further.
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