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Introduction
[bookmark: _Hlk53780111]During RAN1 #104bis-e meeting, RAN1 made the following observations regarding Paging Early Indication (PEI) candidate designs [1]:
Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified:
1. For coexistence with legacy PDSCH, semi-static resouce sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
1. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability  
1. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs  
1. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
1. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource

Observation 2a:
For the evaluation and comparison of PEI candidate designs, the following summarize the identified configurations of PEI candidate designs, including pairs of the minimum required resource and maximum UE (sub)group indication capacity per PEI, that can comply with the mandatory performance metrics agreed in RAN1 #104-e:

Observation 3a:
For the evaluation and comparison of PEI candidate designs, the following summarize average resource overheads per PO for PEI candidate designs, considering the configurations identified from performance observation.
· Note: For comparison purpose, single-beam transmission for PEI is assumed, and results with multi-beam transmission for PEI is scaled. This doesn’t preclude any beam-forming related design for PEI.

In this document, we discuss detailed designs for Paging Early Indication.
Discussion on Paging Early Indication (PEI)
In Rel-15/16 NR, a UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption and monitors one paging occasion (PO) per DRX cycle [2]. For SI acquisition [3], UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change indication in its own paging occasion every DRX cycle. UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with a common search space on the active BWP to monitor paging.
A paging early indication (PEI) can implicitly or explicitly indicate a UE to skip monitoring paging DCI on a paging occasion(s), in order to reduce UE power consumption from unnecessary SS/PBCH block (SSB) measurements and PDCCH decoding efforts.
In NR, multi-beam operation is supported. A SS burst set is a set of 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 1: Support repetition of PEI with multiple beams, where each PEI occasion is QCLed with one SSB of transmitted SSBs.
Sequence based PEI
The benefits of sequence-based paging early indication include short detection delay and small power consumption of detection. The complexity of decoding sequence-based indication process is low because of the non-coherent detection. Besides, it can be designed not relying on DL synchronization, since the receiving has much lower synchronization requirement. In addition, the sequence used for indication can be designed for time/frequency synchronization to help UEs get synchronization quickly. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Similar to sequence-based paging early indication, a sequence-based Wake Up Signal (WUS) has been introduced in Rel-15 MTC/NB-IoT and has been enhanced for UE-grouping in Rel-16 MTC/NB-IoT. For the UE that supports WUS and WUS configuration is provided, the UE shall monitor WUS to decide whether to monitor the next PO(s) or not. If the UE does not detect WUS the UE is not required to monitor the following PO(s). The function of sequence-based WUS introduced in MTC/NB-IoT is consistent with the current objective. Sequence-based indication in NR can save more power because of less detection of SSB. WUS has been discussed in depth in MTC/NB-IoT, and the design is mature. So, WUS in NB-IoT/MTC can be considered as a reference for the design of sequence-based indication.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the configuration of MTC/NB-IoT WUS, a non-zero gap between the end of the WUS duration and the start of accordingly PO is defined for WUS detection and the gap is used for PDCCH detection warming up time. Similar to the non-zero gap of WUS, a non-zero gap at least for PEI detection/processing is necessary for NR PEI. As stated above, multi-beam operation is supported in NR. The configuration of gap for NR PEI can take the multi-beam operation as a consideration. The gap can be defined as from the end of PEI to the corresponding PO even to the corresponding MO as shown in Figure 2. If the gap is defined as from the last PEI to the corresponding PO, it is straightforward and simple. If the gap is defined as from each PEI to the corresponding MO, it can give network more flexibility to transmit each PEI corresponding to a specific beam.

Figure 2. Illustration of different gap for PEI 
Proposal 2: A non-zero gap between the PEI and the corresponding PO or MO is configured for sequence based NR PEI.
DCI based PEI
Another design approach for PEI is DCI based indication. 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 Paging Power Saving (PPS)-PDCCH. 
Signaling of PPS-PDCCH search space configuration
A PPS-PDCCH search space configuration may be included in a system information message (e.g. SIB1). An idle and/or inactive mode UE may monitor PPS-PDCCH in order to determine whether to monitor paging DCI on a corresponding PO of a given DRX cycle. A connected mode UE may monitor PPS-PDCCH in order to determine whether to monitor paging DCI on any monitoring occasion within a system information modification period.
A PPS-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 PPS-PDCCH according to the PPS-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 3: For PDCCH based PEI, Paging Power Saving (PPS)-PDCCH search space configuration can be signaled in SIB1 or in an RRC release message. 
Monitoring occasions and RNTI of PPS-PDCCH
Depending on intended UEs for a PPS-PDCCH, different options can be considered to determine a PPS-PDCCH monitoring occasion(s). 
If a PPS-PDCCH is intended to all UEs in a paging area, a PPS-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 PPS-PDCCH prior to the start of the paging cycle.
If a PPS-PDCCH is intended to a group of UEs associated with a particular set of Paging Frames (PFs), a PPS-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 PPS-PDCCH monitoring occasion(s) intended for the UE based on a reference PF of the UE and a configured timing offset value. 
If a PPS-PDCCH is intended to a group of UEs associated with a particular set of POs, a PPS-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 PPS-PDCCH monitoring occasion(s) intended for the UE based on a reference PO of the UE and a configured timing offset value. 
It is expected that there is a trade-off between a payload size of a PPS-PDCCH and the number of PPS-PDCCH transmissions per DRX/paging cycle. The payload size of the PPS-PDCCH is dependent on whether the PPS-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. 
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). Without UE sub-grouping for UEs associated with a given PO, the maximum 1024 bits (e.g. 1 bit 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 PPS-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 PPS-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 PPS-PDCCH and the number of PPS-PDCCH transmissions per DRX cycle. A size of a PF set (i.e. the number of PFs per set) for a PPS-PDCCH may be 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. 
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. 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). An RNTI value used for scrambling a CRC in a PPS-PDCCH may be determined based on a reference Paging Frame index and/or a reference Paging Occasion index, when the PPS-PDCCH is intended to a group of UEs associated with the reference Paging Frame index and/or the reference Paging Occasion index. 
Proposal 4: A DCI size for PDCCH based PEI is limited up to 120-140 bits to guarantee similar coverage and detection performance as DCI format 2_6.
Proposal 5: A PDCCH carrying PEI 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. 
UE sub-group based paging indication 
By sub-grouping UEs corresponding to a particular PO of a particular PF, gNB can indicate a certain sub-group of UEs not to monitor paging DCI, although the paging DCI is transmitted on a paging PDCCH monitoring occasion of the particular PO. On the other hand, a finer granularity of PEI would increase an indication signaling overhead and accordingly, may degrade detection/decoding performance of PPS-PDCCH. Thus, sub-grouping of UEs in a PPS-PDCCH may not be desired. 
Instead, sub-grouping of UEs in paging DCI may be beneficial for power saving, if a group paging rate (i.e. a paging rate for a group of UEs sharing a PO) is very high. For example, for a case that an individual paging rate is 1% and 32 UEs share a PO (note that the maximum possible number of page records in a paging message is 32), the group paging rate is 27.5%. If 6 reserved bits in DCI format 1_0 with CRC scrambled by P-RNTI are used for sub-group based indication of paging PDSCH decoding, each sub-group has the max. 6 UEs and a sub-group paging rate for 6 UEs is 5.85%. Thus, paging PDSCH decoding efforts can be significantly reduced. Further, this enhancement can be achieved without increasing a signaling overhead.
Observation 1: Sub-group based PEI (i.e. sub-grouping of UEs of the same PO) may degrade detection/decoding performance of PDCCH based PEI due to an increased DCI size.
Observation 2: Sub-group based indication in paging DCI to skip decoding of a paging message is beneficial for UE power saving (e.g. reduction of paging PDSCH decoding rate from 28% to 6%).
Proposal 6: Support sub-group based indication in paging DCI to skip decoding of a paging PDSCH. 
Conclusion
In summary, we observe and propose the followings for Rel-17 NR paging enhancement for UE power saving:
Proposal 1: Support repetition of PEI with multiple beams, where each PEI occasion is QCLed with one SSB of transmitted SSBs.
Proposal 2: A non-zero gap between the PEI and the corresponding PO or MO is configured for sequence based NR PEI.
Proposal 3: For PDCCH based PEI, Paging Power Saving (PPS)-PDCCH search space configuration can be signaled in SIB1 or in an RRC release message. 
Proposal 4: A DCI size for PDCCH based PEI is limited up to 120-140 bits to guarantee similar coverage and detection performance as DCI format 2_6.
Proposal 5: A PDCCH carrying PEI 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. 
Observation 1: Sub-group based PEI (i.e. sub-grouping of UEs of the same PO) may degrade detection/decoding performance of PDCCH based PEI due to an increased DCI size.
Observation 2: Sub-group based indication in paging DCI to skip decoding of a paging message is beneficial for UE power saving (e.g. reduction of paging PDSCH decoding rate from 28% to 6%).
Proposal 6: Support sub-group based indication in paging DCI to skip decoding of a paging PDSCH.
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