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Introduction
A general agreement on beam sweeping overhead for paging transmission was made in RAN1#90 as below [1].   

	Agreements:
· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams
· E.g., paging occasion design with beam sweeping
· E.g., techniques to reducing the paging sweeping beams 



Further, it was agreed to down select among the following options in RAN1 NR Ad Hoc #3 [2]. 

	  Agreements:
· For paging, RAN1 to down-select from the following options
· Option 1: Paging DCI followed by Paging Message
· Note: These do not imply that they are consecutive
· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message
· Option 3: Paging group indicator and Paging DCI followed by Paging Message
· Option 4: Paging DCI indicates use of Option 1 or 2. 
· RAN1 to send LS to RAN2 on whether Paging DCI and Paging Message can be in the same or different POs, including the above options. LS to be drafted in R1-1716912, which is agreed in R1-1716918




In the last RAN1#90b meeting it was agreed that at least Option 1 above is supported [4]. However, for the purpose of overhead and power reduction, other options are still need to be considered in R15. In this contribution, we discuss about overhead and power reduction in R15.  
  
Discussion
If we apply Option 1 in NR multi-beam operation, the paging message needs to be swept on every beam, potentially up 64 beams, and across multiple TRPs of multiple cells by all gNBs in the so called tracking area.  Although this option can be the baseline, it may consume significant radio resources in multi-beam operation in NR as both the paging DCI and the message are sent in every beam of every TRP of gNBs within a defined tracking area. Therefore framework for introducing techniques in reducing the paging overhead need to be considered for the future releases. 
According to RAN1#88[3], UE beam reporting is FFS. UE beam reporting can be useful for targeted paging. If a UE is allowed to report the candidate beam(s) for paging, then paging message (even paging DCI) can be sent only on that/those beam(s), reducing the overhead and eliminating unnecessary interference. The UE reporting can be done autonomous or based on a trigger/indicator received from the network. 
[bookmark: _GoBack]According to the LS response received from RAN2 [5], RAN2 provides RAN1 the flexibility to design whether the paging DCI and Paging Message are sent in the same or in different paging occasion (PO). Separating paging DCI and message may allow for introducing additional functionality, for example, a paging group indicator for finer paging granularity and/or for triggering UE feedback/beam reporting before the paging message is transmitted. UE feedback/beam reporting may require a new PRACH like signal whereas paging group indicator may require a new channel or an enhanced paging DCI [6].
Proposal 1: RAN1 can consider the design of paging group indicator in R15. Paging group indicator can be used for finer paging granularity and/or for triggering UE feedback/beam reporting. 
As outlined in the LS from RAN2 [5], paging design should also consider UE power consumption. Enhancements to LTE paging could be useful for reducing the UE power consumption. For example, NR shall strive to minimise unnecessary decoding of paging messages and thus saving UE processing power. Further, solutions to minimise UE ON time for synchronisation and processing of associated paging channels can be considered. However, the paging design for UE power saving must not significantly compromise the network flexibility and/or performance/capacity.
Proposal 2: For NR paging design, strive to achieve a good trade-off among the UE battery consumption, network flexibility, and/or performance/capacity. 

Conclusion
In summary, we discussed overhead reduction and targeted paging and propose the following:
Proposal 1: RAN1 can consider the design of paging group indicator in R15. Paging group indicator can be used for finer paging granularity and/or for triggering UE feedback/beam reporting. 
Proposal 2: For NR paging design, strive to achieve a good trade-off among the UE power consumption, network flexibility, and/or performance/capacity. 
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