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Introduction
During RAN1#106bis-e meeting, RAN1 made following agreements regarding Rel-17 Paging Early Indication (PEI) design  [1].
Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.

Agreement
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x

Agreement 
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
· FFS: Determination of the PEI-O location 
· FFS: Support of unlicensed spectrum operation with nrofPDCCH-MonitoringOccasionPerSSB-InPO configured

Agreement
CORESET # 0 or commonControlResourceSet in SIB1 can be used for PEI
        Note: The number of CORESETs configured for a UE follows the requirement of UE feature 3-1
 
Agreement
Support configuration of a dedicated search space (‘peiSearchSpace’) for PEI
        FFS: Configuration details and whether and how to reuse legacy search space sets, including pagingSearchSpace and searchSpaceSetZero

Agreement
Determination of PEI-O location for a target PO is based on one of the following alternatives:
· [bookmark: _Hlk86849246]Alt 1: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the start of a reference frame determined by a frame-level offset to the PF of the target PO
· FFS: The unit and the range of the frame-level offset
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion (e.g., to be the same as those of firstPDCCH-MonitoringOccasionOfPO)
· Alt 2: The first PDCCH monitoring occasion of the PEI-O is provided w.r.t. the L-th SS burst before the first PDCCH monitoring occasion of the target PO.
· FFS: the case that a SSB burst overlaps in time with the target PO
· FFS: L = 1, 2 or 3
· FFS: Reference the “start” or “end” of the L-th SS burst
· FFS: The unit and the range of the configuration for the first PDCCH monitoring occasion
· Alt 3: The first PDCCH monitoring occasion of the PEI-O is provided by a time offset w.r.t. a reference time for the target PO.
· FFS: The exact definition of the reference time, e.g. the first MO of the target PO, the first MO of the first PO indicated by the PEI, the start of the PF for the target PO
· FFS: The unit and the range of the time offset
· FFS: Whether any SS burst or TRS burst is needed between PEI-O and PO
· Configuration for one PEI indicating multiple POs within a PF should be taken into consideration in the determination of PEI occasion  
Decide one of the above alternatives or a single merged solution based on the alternatives in RAN1#107-e meeting.
FFS: Extension for the case one PEI indicates multiple POs across multiple PFs, if supported

In this document, we discuss remaining details for PDCCH-based Paging Early Indication (PEI).
Discussion
PEI search space configuration
A network can configure an idle and/or inactive mode UE to monitor PEI and determine whether to monitor paging DCI on a corresponding Paging Occasion (PO) of a given Discontinuous Reception (DRX) cycle. For RRC idle UEs, a PEI search space configuration (i.e. peiSearchSpace) can be included in a system information message (e.g. SIB1). For an RRC inactive UE, a separate PEI search space can be configured in an RRC release message including the parameter ‘suspendConfig’ (i.e. information required for an RRC inactive mode). If configured, the RRC inactive UE can monitor PEI PDCCH according to the PEI PDCCH search space configuration signaled in the RRC release message instead of a cell-specific PEI search space configuration. For example, the network may configure the RRC inactive UE to monitor PEI more frequently, when a UE-specifically configured RAN-paging cycle for the inactive UE is set to be shorter than a cell-specifically configured default paging cycle. 
Proposal 1: Support a PEI search space configuration in an RRC release message for an inactive mode UE. 
Monitoring occasions of PEI PDCCH
Assuming that one PEI indicates up to 4 POs in a PF and one PO consists of up to 8 subgroups, the expected maximum payload size of a PEI PDCCH excluding other information (e.g. TRS availability indication and CRC bits) is 32 bits (i.e. 4 POs per PF, 8 bits per PO). If one PEI maps to one PF via one-to-one mapping, the number of POs that one PEI indicates can be implicitly configured based on the number of POs for a PF. To reduce a PEI overhead, a network can configure more than 1 PO for a PF. 
The first PDCCH monitoring occasion of a PEI Occasion (PEI-O) for a given PO can be determined based on a PEI search space configuration (e.g. PDCCH monitoring periodicity in terms of a number of slots and a slot offset) and a start of a reference frame determined by a frame-level offset to a PF of the given PO. A value for the frame-level offset should be configured such that the last PDCCH monitoring occasion of the PEI-O ends before the first PDCCH monitoring occasion of the first PO of the PF. A network can ensure by implementation that a SS burst(s) and/or TRS burst(s) are available between PEI-O and PO so that a UE can perform time, frequency, and beam tracking before monitoring paging DCI.   
Proposal 2: One PEI maps to only one PF. The number of POs that one PEI indicates is implicitly configured based on the number of POs for a PF.
Proposal 3: The first PDCCH monitoring occasion of a PEI-O is provided with respect to a start of a reference frame determined by a frame-level offset to a PF of a target PO (Alt 1).
RNTI of PEI PDCCH
Since a PDCCH monitoring occasion(s) for a PEI-O associated with a given PF may overlap with a PDCCH monitoring occasion(s) of a PO of another PF, it may be better to use a different RNTI from P-RNTI for a PEI PDCCH. An RNTI value used for scrambling a CRC in a PEI PDCCH can be determined based on a PF index of a PF associated with the PEI PDCCH. For example, the RNTI (e.g. referred to as PEI-RNTI) is determined as follows:
PEI-RNTI = C + ,
where C is a hash value dependent on SFN of a PF,   is a PF index for the PF, and  is the number of POs within the PF. 
Proposal 4: RNTI for a PEI PDCCH is determined based on a PF that is associated with the PEI PDCCH.
Conclusion
In summary, we propose the followings for Rel-17 NR paging enhancement for UE power saving:
Proposal 1: Support a PEI search space configuration in an RRC release message for an inactive mode UE. 
Proposal 2: One PEI maps to only one PF. The number of POs that one PEI indicates is implicitly configured based on the number of POs for a PF.
Proposal 3: The first PDCCH monitoring occasion of a PEI-O is provided with respect to a start of a reference frame determined by a frame-level offset to a PF of a target PO (Alt 1).
Proposal 4: RNTI for a PEI PDCCH is determined based on a PF that is associated with the PEI PDCCH.
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