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1 Introduction

In RAN#86 meeting, a new WID RP-193173 for UE power saving enhancement was approved. In the WID, one of the objectives is paging enhancement for idle/inactive-mode UE to reduce unnecessary UE paging. As an enhancement direction, UE sub-grouping based paging was discussed in RAN2#112e meeting, and the following agreements were made. 

· 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. 

· Will send an LS to R1 (action to be discussed offline).

· 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.

In this contribution, we further discuss UE sub-grouping based paging.
2 Discussion

In RAN2#112e meeting, RAN2 has agreed to consider UE sub-grouping as a candidate of paging enhancement for UE power saving, but how to determine which sub-group a UE belongs to is still FFS. 
After RAN2#112e meeting, we have an e-mail discussion on UE grouping method, in which different UE grouping schemes proposed by companies are listed. Among these UE grouping schemes, UE ID based grouping is agreed by all the companies, given that it could reduce false alarm paging with fair randomization of UEs distribution into subgroups. Besides, there is no consensus on the following two UE grouping schemes:

· paging probability based grouping
· CN/RAN paging differentiation
Paging probability based UE grouping has been introduced for GWUS in NB-IoT and eMTC in Rel-16. In this approach, a UE negotiate a paging probability with CN, and the UE selects a paging subgroup based on its paging probability and the paging probability threshold list broadcasted by network. In this way, paging for UEs with higher paging probability would not cause false alarm paging to UEs with lower paging probability. In our view, paging probability based grouping is effective for NB-IoT and eMTC UEs due to their limited use cases and quite different paging probability among different service types. However, given that there are a variety of traffic types in NR, and it is difficult to differentiate traffic types based on paging probability, it would not be easy to determine a suitable paging probability for a UE, so we don’t think this grouping scheme would be effective for NR.
Observation 1 Paging probability based UE grouping would not be effective for NR due to the difficulty to differentiate a variety of traffic types in NR based on paging probability.
For CN/RAN paging differentiation, we understand this scheme could avoid UEs in IDLE state to receive RAN paging when there is only RAN paging in a PO. We think CN/RAN paging differentiation is only related to RRC state, and may need to be combined with other UE grouping schemes, but we doubt the additional power saving gain if we already have finer UE grouping granularity, e.g. UE ID-based grouping.
Observation 2 The power saving gain for CN/RAN paging differentiation may be limited.
Proposal 1 RAN2 considers a simple UE grouping solution, i.e. UE ID-based grouping is sufficient.
In RAN2#112e meeting, RAN2 has discussed and considered the following methods for UE subgrouping: 
· Paging indication for UE subgroups using paging DCI
· Paging early indication (PEI) / wake-up signal (WUS) for UE subgroups

· cross-slot scheduling of paging for UE subgroups
In RAN1#103e meeting, the following agreement has been made regarding paging enhancement.
Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective

FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS

In our understanding, paging indication for UE subgrouping using paging DCI should be used combined with cross-slot scheduling for paging in order to reduce UE power consumption, and this combined method and paging indication for UE subgrouping using PEI could bring equivalent power saving gains. Given that RAN1 has agreed to introduce PEI for paging, RAN2 should de-prioritize paging indication for UE subgroups using paging DCI and cross-slot scheduling of paging.
Proposal 2 RAN2 considers paging indication for UE subgrouping using PEI.
Whether PEI is sequence-based or PDCCH-based is FFS, it is up to RAN1 design.
If PEI is sequence based, the similar mechanism of GWUS for NB-IoT and eMTC can be reused for PEI. In this approach, each UE group is mapped to one sequence. Besides, there are other two sequence, where one is used to indicate paging for more than one UE groups, and the other is used to indicate paging for none of the UE groups. In this way, UE decides whether to monitor the following PO based on the received PEI sequence. In this approach, if network intends to simultaneously paging UEs in a PO belonging to different UE groups, all the UEs in this PO need to monitor the PO.
If PEI is PDCCH based, the similar mechanism of WUS for NR UEs in RRC connected state can be reused for PEI, i.e. each UE group is mapped to one bit of DCI payload, the bit with value 1 indicates the corresponding UE group to monitor the following PO, while the bit value with 0 indicates the corresponding UE group to skip the following PO. With this bitmap based PEI, paging for any UE groups would not cause false alarm paging to UEs belonging to other UE groups.
Observation 3 Whether PEI is sequence-based or PDCCH-based is up to RAN1 design.
Proposal 3 If PEI is sequence based, use codepoint based paging indication for UE subgrouping.
Proposal 4 If PEI is PDCCH based, use bitmap based paging indication for UE subgrouping.
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1 Paging probability based UE grouping would not be effective for NR due to the difficulty to differentiate a variety of traffic types in NR based on paging probability.
Observation 2 The power saving gain for CN/RAN paging differentiation may be limited.

Observation 3 Whether PEI is sequence-based or PDCCH-based is up to RAN1 design.
And propose the following:

Proposal 1
RAN2 considers a simple UE grouping solution, i.e. UE ID-based grouping is sufficient.
Proposal 2
RAN2 considers paging indication for UE subgrouping using PEI.
Proposal 3
If PEI is sequence based, use codepoint based paging indication for UE subgrouping.
Proposal 4
If PEI is PDCCH based, use bitmap based paging indication for UE subgrouping.
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