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Introduction
[bookmark: _Hlk53780111]During RAN #93-e meeting, RAN concluded to provide RAN1 with the following guidance regarding Rel-17 Paging Early Indication (PEI) design [1]:
· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 

During RAN1#105-e meeting, RAN1 made following agreements on UE subgroup indication [2].
Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span

In this document, we discuss design details for PDCCH-based Paging Early Indication (PEI). This document is updated from R1-2107182.
Discussion on PEI
According to the RAN1#104-e agreement, Behaviour A of PEI was defined as follows [3]:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
An idle and/or inactive mode UE may monitor PEI in order to determine whether to monitor paging DCI on a corresponding Paging Occasion (PO) of a given Discontinuous Reception (DRX) cycle.
PEI search space configuration
Similar to Rel-16 power saving PDCCH (i.e. DCI format 2_6), an idle or inactive UE may receive a PDCCH search space configuration for a DCI format of PEI. A PEI search space configuration may be included in a system information message (e.g. SIB1). 
A PEI PDCCH search space configuration may be included in an RRC release message including the parameter ‘suspendConfig’ (i.e. information required for an RRC inactive mode). If included, an inactive mode UE may monitor PEI PDCCH according to the PEI PDCCH search space configuration signaled in the RRC release message, in order to determine whether to monitor paging DCI on a corresponding PO of a given DRX cycle.
Proposal 1: PEI search space configuration can be signaled in SIB1 or in an RRC release message. 
Multi-beam based PEI transmission
In NR, multi-beam operation is supported. A SS burst set is a set of SS/PBCH blocks (SSBs) being transmitted within 5ms window of SSB transmission. The number of actual transmitted SSBs is determined according to ssb-PositionsInBurst. Each of these SSBs may correspond to a particular beam direction. In multi-beam operations, an NR PO consists of one or multiple sets of ‘S’ consecutive PDCCH monitoring occasions, where 'S' is the number of actual transmitted SSBs. The k-th PDCCH monitoring occasion (MO) for paging DCI in the PO corresponds to the k-th transmitted SSB and the k-th beam direction. Considering the beam sweeping for a SSB and a corresponding PDCCH MO for paging DCI in NR, the PEI should be designed with beam sweeping with quasi-co-location (QCL) association among PEI, MO, and SSB, as illustrated in Figure 1. Similar to PO in multi-beam operations, UE may assume that the same message of PEI is repeated with all beams of the sweeping pattern, and a PEI occasion can be QCLed with an SSB of actual transmitted SSBs.

Figure 1. QCL association among an SSB, a paging DCI MO, and a PEI occasion
Proposal 2: Support repetition of PEI with multiple beams, where each PEI occasion is QCLed with one SSB of transmitted SSBs.
Payload size and monitoring occasions of PEI PDCCH
Depending on intended UEs for a PEI PDCCH, a payload size and a monitoring occasion(s) of a PEI PDCCH may need to be configured differently. It is expected that there is a trade-off between a payload size of a PEI PDCCH and the number of PEI PDCCH transmissions per DRX/paging cycle. The payload size of the PEI PDCCH is dependent on whether the PEI PDCCH is intended to all UEs in a paging area, a group of UEs associated with a particular set of PFs, or a group of UEs associated with a particular set of POs. 
If a PEI PDCCH is intended to all UEs in a paging area, a PEI PDCCH monitoring occasion(s) for a given PO may be determined based on a paging cycle, e.g. before a start of a corresponding paging cycle. A time offset value with respect to the start of the corresponding paging cycle in terms of the number of subframes and/or the number of slots can be configured, where the time offset value indicates a time, where the UE starts monitoring a PEI PDCCH prior to the start of the paging cycle.
If a PEI PDCCH is intended to a group of UEs associated with a particular set of Paging Frames (PFs), a PEI PDCCH monitoring occasion(s) for a given PO may be configured based on a reference PF (e.g. the earliest PF of a particular set of consecutive PFs), e.g. before a start of a reference PF in a given paging cycle. A time offset value with respect to the start of the reference PF in terms of the number of subframes and/or the number of slots can be configured. A UE can identify a PEI PDCCH monitoring occasion(s) intended for the UE based on a reference PF of the UE and a configured timing offset value. 
If a PEI PDCCH is intended to a group of UEs associated with a particular set of POs, a PEI PDCCH monitoring occasion(s) for a given PO may be configured based on a reference PO (e.g. the earliest PO of a particular set of consecutive POs), e.g. before a start of a reference PO in a given paging cycle. A time offset value with respect to the start of the reference PO in terms of the number of subframes and/or the number of slots can be configured. A UE can identify a PEI PDCCH monitoring occasion(s) intended for the UE based on a reference PO of the UE and a configured timing offset value. 
In Rel-15/16 NR, the maximum configurable number of PFs per DRX/paging cycle is equal to the number of radio frames in a DRX/paging cycle, and the maximum configurable number of radio frames for a DRX/paging cycle is 256. Further, the maximum configurable number of POs per PF is 4, and the maximum number of page records in a paging message is 32. Thus, the maximum number of UEs that can be paged in a DRX cycle is 32768 UEs (= 256 PFs per DRX cycle × 4 POs per PF × 32 page records per PO). With 8 UE sub-groups for a given PO, the maximum 8192 bits (e.g. 8 bits per PO) are required for paging early indication intended to all UEs in a paging area. Considering that the maximum DCI size for DCI format 2_6 (i.e. maxDCI-2-6-Size-r16) is set to 140 bits, a DCI size of a PEI PDCCH may need to be limited up to 120-140 bits, in order to guarantee similar coverage and detection performance as DCI format 2_6 (i.e. DCI based power saving indication for connected mode UEs). Thus, a PEI PDCCH intended to a group of UEs associated with a particular set of consecutive PFs may be appropriate to balance a payload size of the PEI PDCCH and the number of PEI PDCCH transmissions per DRX cycle. A size of a PF set (i.e. the number of PFs per set) for a PEI PDCCH may be configurable dependent on selected paging configuration parameter (e.g. the DRX cycle, the number of PFs per DRX cycle, and the number of POs per PF) values. For example, if the PF set size is 1, the expected payload size of the PEI PDCCH is from 1 bit (i.e. 1 PO per PF, 1 bit per PO) to 32 bits (i.e. 4 POs per PF, 8 bits per PO).
Proposal 3: A PEI PDCCH is intended to a group of UEs associated with a set of paging frames. A size of the set of paging frames may be dependent on selected paging configuration parameter values. 
Proposal 4: A PEI monitoring occasion(s) for a given PO is configured based on a reference PF of the given PO (e.g. the earliest PF of a particular set of consecutive PFs associated with the given PO), e.g., before a start of a reference PF in a given paging cycle.
RNTI and bit field configuration of PEI PDCCH
A UE may receive information of DCI configuration such as the total number of bits in DCI, the number of bits per Paging Frame, and/or the number of bits per Paging Occasion for PEI PDCCH. Further, the UE may determine locations of a bit field and a bit(s) within the bit field intended to the UE based on the DCI configuration information and/or a UE identity (e.g. 5G-S-TMSI mod 1024 and/or a UE group identity). For example, each bit field in DCI may comprises N bits, where each of N bits correspond to a sub-group of UEs from the group of UEs associated with a particular PO of a particular PF. The bit field for the UE starts at the k-th bit, where , where  is a PF index within a set of PFs associated with a given PEI PDCCH for UE’s PF,  is a PO index for UE’s PO,  is the number of POs within a PF,  is the number of bits in a bit field corresponding to a PO, and the indices, k, F, and is start from the value zero.  
Proposal 5: A bit field position for a UE in a DCI format of PEI PDCCH is determined based on UE’s PF index within a set of PFs associated with UE’s PO and UE’s PO index.  
An RNTI value used for scrambling a CRC in a PEI PDCCH can be determined based on a PF index and/or a PO index. For example, the RNTI (e.g. referred to as PEI-RNTI) is determined as follows:
PEI-RNTI = C + ,
where C is a predefined, configured, or a hash value dependent on SFN (and/or Hyper-SFN) of a particular PF (e.g. a reference PF),  is a PF index for the particular PF, and  is the number of POs within a PF. 
Proposal 6: RNTI for a PEI PDCCH is determined based on a reference PF, e.g. the earliest PF of a set of consecutive PFs associated with the PEI PDCCH.
Conclusion
In summary, we observe and propose the followings for Rel-17 NR paging enhancement for UE power saving:
Proposal 1: A PEI PDCCH search space configuration can be signaled in SIB1 or in an RRC release message. 
Proposal 2: Support repetition of PEI with multiple beams, where each PEI occasion is QCLed with one SSB of transmitted SSBs.
Proposal 3: A PEI PDCCH is intended to a group of UEs associated with a set of paging frames. A size of the set of paging frames may be dependent on selected paging configuration parameter values. 
Proposal 4: A PEI PDCCH monitoring occasion(s) for a given PO is configured based on a reference PF of the given PO (e.g. the earliest PF of a particular set of consecutive PFs associated with the given PO), e.g., before a start of a reference PF in a given paging cycle.
Proposal 5: A bit field position for a UE in a DCI format of PEI PDCCH is determined based on UE’s PF index within a set of PFs associated with UE’s PO and UE’s PO index.  
Proposal 6: RNTI for a PEI PDCCH is determined based on a reference PF, e.g. the earliest PF of a set of consecutive PFs associated with the PEI PDCCH. 
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