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1 Introduction
In RAN2 #112e and RAN2 #113e, RAN2 discussed the various enhancements for idle/inactive-mode UE power saving and the following agreements were made:


In this contribution, we discuss UE grouping and early identification of RAN paging to minimize UE power consumption.

2 Discussion
2.1 UE grouping
If a given UE’s paging rate per DRX cycle is x %, then the paging rate in a paging occasion (PO) per DRX cycle is [1 – (1-x/100) N] * 100, where N is number of UEs mapped to a PO or number of UEs for which paging is transmitted in PO. If ‘x’ is 1% and N is 100, paging rate per DRX cycle is ~63%. If N is large, UEs may unnecessarily wakeup a significant number of times for paging receptions. Note that N can be large as paging for a UE is transmitted over multiple cells as location of UE is not known to network at cell level. One can argue that, by configuring appropriate number of paging frames and number of POs per paging frame, the number of UEs which monitors a PO can be minimized. Note that each radio frame in DRX cycle can be configured as paging frame and up to 4 POs can be configured per PF. However, note that configuring large number of PFs/POs may increase PDCCH overhead. It also increases scheduling restrictions due to several beam sweeping periods in case of beamforming.

If many UEs monitor a PO, to minimize unnecessary paging receptions, UEs monitoring the PO can be divided into paging groups and group information can be indicated in paging DCI. Only the UEs whose group is paged needs to receive the paging message. Note that this has no impact to legacy UEs as reserved bits in DCI can be used to indicate paging group. In case DCI based early paging indication is supported, group information can be included in that DCI.
RAN2 has confirmed in the last meeting that UE grouping is considered a candidate of paging enhancement, to reduce UE's power consumption due to unnecessary wakeup when there is paging for other UEs.
RAN1 has also discussed and evaluated the UE grouping and sent an LS [3] to RAN2 with the evaluation results. According to the LS:
·  early paging indication can provide significant power savings w.r.t Rel-16 and is supported from RAN1 perspective.
·  additional power savings is expected if UE grouping is also considered together with early paging indication
· If the original paging rate per PO is 10%, there can be additional power saving gain of upto ~5%
· If the original paging rate per PO is 60%, there can be additional power saving gain of upto ~16%
· UE grouping within a PO can also provide power saving gains w.r.t. Rel-16 for high paging rate per PO
Observation 1: According to RAN1 evaluation results, UE grouping is beneficial. However, the gains are limited in case of low paging rate per PO.
So, we propose to support UE grouping. 

Proposal 1: For NR idle/inactive-mode paging enhancement, UE grouping is supported.

Proposal 2: UEs monitoring the paging occasion are divided into paging groups and group information is indicated in DCI. DCI can be Paging DCI or DCI for early paging indication. 
UE ID based subgrouping
In the current design UE ID is used to distribute the UEs amongst the PFs/POs. Since paging of one UE in paging message triggers false alarms for other UEs monitoring same PO, UEs mapped to a PO of PF can be further grouped into ‘P’ paging groups where ‘P’ can be signaled by gNB in system information (e.g. as part of paging configuration). Since the UE ID is used to distribute UEs to PFs/POs, it is natural and simple to use UE ID to further distribute UEs mapped to same PO to different paging groups. A UE belongs to kth paging group, where ‘k’ = (UE_ID/N*Ns) mod P, where N is the number of Paging frames and Ns is the number of POs per paging frame.
Other approaches for sub grouping

Regarding the paging subgrouping proposals wherein the UEs are grouped into paging groups based on paging arrival rate/paging probability/UE type/UE power consumption profile or using a combination of these parameters, benefit is unclear. Using multiple parameters may further complicate the design for sub grouping. Note that the power saving gain of subgrouping in addition to power saving gain from early paging indication is limited. So we prefer to use UE ID based approach which is a simple extension of current approach for distributing UEs to PFs/POs.
Proposal 3:  UE ID is used to group UEs monitoring a paging occasion into multiple paging groups.
Proposal 4: The number of paging groups (P) is signaled in system information

Proposal 5: UE belongs to kth paging group, where ‘k’ = (UE_ID/N*Ns) mod P, where N is the number of Paging frames, Ns is the number of POs per paging frame and P is the number of paging groups.
2.2 Early Identification of RAN Paging
Network configures several paging frames/paging occasions. UE determines [4] its paging frame/paging occasion using the same UE ID (i.e. 5G-S-TMSI mod 1024) irrespective of whether the UE is in RRC_IDLE or RRC_INACTIVE. Since the UE ID is not unique, several UEs (i.e. UEs having the same UE ID) in RRC_IDLE and RRC_INACTIVE monitors the same paging occasion. As a result, if a RAN paging is sent for a UE in RRC_INACTIVE, several UE(s) in RRC_IDLE having the same paging occasion as that of paged UE, will receive and decode PDSCH for paging message upon receiving PDCCH addressed to P-RNTI. This is shown in figure 1. Note that even with UE grouping (as described in section 2.1), within a group, some UEs can be in RRC_INACTIVE and others can be in RRC_IDLE.
Observation 2: PF/PO is determined using the same UE ID (i.e. 5G-S-TMSI mod 1024) irrespective of UE’s state. 

Observation 3: PO monitored by RRC_IDLE and RRC_INACTIVE UEs can be same.

Observation 4: Several RRC_IDLE UEs unnecessarily receives and decodes paging message upon RAN paging in a PO.
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Figure 1
The unnecessary RAN paging reception by the RRC_IDLE UEs can be avoided if UEs can know in advance that the paging message includes only RAN paging (i.e. it does not include any CN paging). 
The information indicating presence of only RAN paging or absence of CN paging in paging message can be indicated in DCI/short message. Note that this has no impact to legacy UEs as reserved bit in DCI or short message can be used of RAN paging indication. 
In case early paging indication is supported, RAN paging or absence of CN paging in paging message can also be indicated in early paging indication. This approach also has no impact to legacy UEs as early paging indication is not processed by legacy UEs.
Proposal 6: Inorder to minimize unnecessary paging receptions by the RRC_IDLE UEs: 

· Information indicating presence of only RAN paging (or absence of CN paging) in paging message can be informed using paging DCI or DCI of early paging indication. 

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: For NR idle/inactive-mode paging enhancement, UE grouping is supported.

Proposal 2: UEs monitoring the paging occasion are divided into paging groups and group information is indicated in DCI. DCI can be Paging DCI or DCI for early paging indication. 
Proposal 3:  UE ID is used to group UEs monitoring a paging occasion into multiple paging groups.
Proposal 4: The number of paging groups (P) is signaled in system information

Proposal 5: UE belongs to kth paging group, where ‘k’ = (UE_ID/N*Ns) mod P, where N is the number of Paging frames, Ns is the number of POs per paging frame and P is the number of paging groups.
Proposal 6: Inorder to minimize unnecessary paging receptions by the RRC_IDLE UEs: 

· Information indicating presence of only RAN paging (or absence of CN paging) in paging message can be informed using paging DCI or DCI of early paging indication. 
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RAN2 #112e Agreements [1]:


 Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving





RAN2 have discussed and considered “paging indication for UE subgroups using paging DCI”, “paging early indication or wake-up signal (WUS) for UE subgroups”, “cross-slot scheduling of paging for UE subgroups”. 





RAN2 understands that RAN1 have started to evaluate performance and complexity. RAN2 assumes that RAN1 continues with this evaluation, in order that decisions can be made regarding the paging indication/scheduling solution. As R2 is the leading group for this WI objective it is expected that final decisions are made by R2. 





The solution of PRNTI based group discrimination is deprioritized from RAN2 perspective





The solution of “paging for UE subgroups using different time/frequency resources” is de-prioritized from RAN2 perspective.





RAN2 #113e Agreements [2]:


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. 
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