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Introduction
In RAN #88-e, a new work item on UE power saving was approved [1]. The objective of the new WI is:
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS

In this contribution, we discuss paging enhancements for idle/inactive mode UEs.
Discussion
Idle mode DRX and paging in NR
In NR, the UE can be configured with a Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE states which helps lower the UE power consumption [2]. The UE monitors one paging occasion (PO) per DRX cycle. A PO is defined as a set of PDCCH monitoring occasions where the paging DCI can be sent. If the UE can decode the paging PDCCH, it can receive the short message and/or the paging PDSCH which contains the paging message.
In multi-beam operation, the UE assumes that paging PDCCH and the paging message are repeated in all transmitted beams. The PDCCH monitoring occasions are related to the corresponding SSBs as shown in Figure 1. The PDCCH monitoring occasions are determined according to paging-SearchSpace. When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI.


[bookmark: _Ref47688791]Figure 1 QCL relationship between SSBs and paging monitoring occasions

The two areas the UE can save power regarding paging procedures are:
· Reducing unnecessary PDCCH monitoring: The UE can reduce power consumption by reducing or eliminating unnecessary PDCCH monitoring.
· Reducing false alarms: The UE can reduce power consumption by reducing unnecessary PDSCH decoding to retrieve the paging message and finding that the UE was not paged.

Paging indication
One method that can be used to reduce unnecessary PDCCH decoding is to use a paging indication (also referred to as a wake-up signal (WUS)). The paging indication can be a low power signal or channel and can indicate to the UE whether to monitor an associated PO or not as shown in Figure 2. 


[bookmark: _Ref47689387]Figure 2 Paging indication
The paging indication can be a signal (e.g., a sequence as used in LTE MTC) or channel based (e.g., PDCCH-based) and should be beam-sweeped. 
One possibility is to use a Zadoff-Chu based sequence for the WUS as

where u is the root index, n = 0:N-1 is the sample index, N is the sequence length, g is a phase shift parameter, and  is the scrambling sequence. The scrambling sequence and the phase shift parameter can be used to transmit a wake-up indication and/or UE group ID.
There are various alternatives where in time WUS can be transmitted:
· Multiplexed with the paging PDCCH and PDSCH: For example, the WUS can be transmitted at the beginning of a slot before the paging PDCCH.
· In a time window after the SS burst and before the paging PDCCH monitoring occasions start.
· Multiplexed within the SS blocks.

Proposal 1: Sequence based paging indication is considered for idle/inactive mode UEs.

False alarm rate reduction:
False alarm rate can be reduced by grouping UEs and indicating in the PDCCH only the group for which the PDSCH is targeted. UE grouping can be achieved by several potential approaches such as allocating different P-RNTIs for different UE groups, using group-specific search space or CORESET, or explicit indication in the paging DCI.

Proposal 2: Methods to reduce false alarm rate should be studied.

Summary
In this contribution, we have discussed paging enhancements for idle/inactive mode UEs. The following are proposed:

Proposal 1: Sequence based paging indication is considered for idle/inactive mode UEs.
Proposal 2: Methods to reduce false alarm rate should be studied.
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