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Introduction
In RAN1#102b-e, it proposed potential paging enhancement options based on agreements [1], including:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In RAN1#103-e, it agreed PEI before paging occasion as NR idle/inactive-mode paging enhancement [2], including:
· For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact
In RAN1#104-e, it agreed carrying UE subgroups information is considered in physical layer design for paging enhancement and PEI candidate designs evaluation schemes[3], including:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 
· Take Alt 1 as mandatory, and Alt 2 as optional
Alt 1 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%, 
0. When Behv-A is assumed: 
0. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
0. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
0. When Behv-B is assumed: 
1. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
1. The MDR of PEI should be no larger than [1%]
0. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
1. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
1. The required #REs to comply with the performance assumptions
1. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions

Alt 2 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging DCI is 1%, 
1. When Behv-A is assumed: 
3. The MDR of PEI should be no larger than 0.1% 
3. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
1. When Behv-B is assumed: 
4. The FAR of PEI should be no larger than 0.1%
4. The MDR of PEI should be no larger than 1%
1. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
2. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
2. The required #REs to comply with the performance assumptions
2. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions
In this contribution, the PEI configuration and procedure for UE in RRC_IDLE/Inactive mode is discussed, including the procedure of PEI configuration for sequence-based PEI and DCI-based PEI. The initial evaluation results on PEI link performance are provided based on agreed simulation assumptions. 

PEI configuration
PO configuration and procedure
For NR, the UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots where paging DCI can be sent. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. For the PO calculation, the PF and PO for paging are determined by the following formula (detail description in 38.304 [4]):
· SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
· Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
When SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213. Otherwise,
When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S*X ' consecutive PDCCH monitoring occasions with association of a number of transmitted SSBs and the firstPDCCH-MonitoringOccasionOfPO configuration. As an example, multiple POs are showed in Figure 1 derived from the paging formula aforementioned.


Figure 1: Paging occasions illustration

PEI configuration and procedure
For RRC_IDLE/Inactive mode UE, PEI is used to indicate whether there is a paging message for a given group before the PO. It was agreed that both sequence-based PEI and DCI-based PEI are considered as the candidates for PEI. The procedure and configuration of sequence-based and DCI-based PEI are discussed in this section.
Sequence-based PEI configuration and procedure
For sequence-based PEI, TRS/CSI-RS and SSS are candidates. For sequence-based PEI configuration and procedure, the following steps could be considered. Taking TRS/CSI-RS-based PEI as example:
Step1: TRS/CSI-RS frequency domain resource allocation through system broadcast (SIB) - examples of PEI parameters, such as: 
· Period: e.g.,10,20,40,80,160,320,640(slot)
· Slot pattern: the PEI located symbol position within slot. E.g.,(4,8),(5,9),(6,10)
· PEI resource number: e.g., 2 or 4 per period.
· Others.
Step2: Get PEI time location
The TRS/CSI-RS resource of PEI in time location for a given UE or a group of UEs could be derived by UE based on UE ID similar to the derivation of paging occasion. The TRS/CSI-RS resource of PEI in time domain is associated with the paging occasion. UE could derive the TRS/CSI-RS resource of PEI in time domain from the starting slot of PO. An example of UE derivation of TRS/CSI-RS resource allocation in time domain associated with the first slot of PO is shown as follows,
· Step2.1: Calculate PEI SFN 
(PEI_SFN + PEI_offset) mod T = (T div N) * (UE_ID mode N)
Wherein, PEI_SFN is the SFN number of the resource allocation of PEI in time domain; PEI_offset is the slot offset from the SFN boundary for PEI; T is PEI cycle of a given UE or UE group; N is the number of total PEI radio frames in T; UE_ID is the 5G-S-TMSI mode 1024.
And all of parameters could be (pre)-configured by SIB, signaling through system broadcast (SIB), or including in NAS control message. The parameters for PEI resource in time domain could link to existing PO parameters, e.g., T is PEI cycle of the UE and related to PO cycle T; N is the number of total PEI frames in T and related to PO parameter N.
· Step2.2: calculate PEI subframe/slot time location
PEI_i_s = floor(UE_ID/N) mod Ns
Wherein, index of PEI_i_s is the index of the PEI within PEI SFN; Ns is the number of PEI occasions for a PEI SFN. PEI subframe/slot time location PEI_slot is determined. Similar to step2.1, all parameters could be configured by SIB or higher layer signaling. They could also link to existing PO parameters, e.g., Ns is the number of PEI occasions for a PEI SFN and related to PO parameter Ns. 
· Step2.3: calculate PEI with different TCI state in time domain if configured
PEI_beam_i_symbol = PEI_slot * symbol_number_per_slot + PEI_beam_i_offset
Wherein, PEI_beam_i_symbol is the i-th beam time location; PEI_beam_i_offset is the i-th beam time offset.
The procedure of PEI time location calculation is shown in Figure 2.
[image: ]
Figure 2: PEI time location calculation illustration
UE could be updated the PEI resource allocation in time domain according to the formula and related parameters, e.g., if PEI parameters are configured linked to PO parameters. The PEI resource allocation in time domain could be update when PO parameters are updated. With the derivation of PEI associated with PO, the PEI resource allocation in time domain could update based on the updated PO parameters. 
Proposal 1: The sequence-based PEI configuration and procedure could be derived by reference of existing procedure and configuration parameters, e.g., reusing the procedure of paging occasion computation for 38.304.

DCI-based PEI configuration and procedure
For DCI-based PEI, existing DCI format could be used. For existing DCI, e.g., DCI format 1_0, DCI format 2_6 could be considered for PEI. Furthermore, considering existing DCI-based PEI configuration and procedure, the following steps could be considered. 
[bookmark: _Hlk61551679]Step1: Paging configuration and first PO PDCCH monitoring from DownlinkConfigCommonSIB IE as follows,
DownlinkConfigCommonSIB ::=     SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL-SIB,
    initialDownlinkBWP              BWP-DownlinkCommon,
    bcch-Config                         BCCH-Config,
    pcch-Config                         PCCH-Config,
    ...
}


BCCH-Config ::=                 SEQUENCE {
    modificationPeriodCoeff         ENUMERATED {n2, n4, n8, n16},
    ...
}


PCCH-Config ::=             SEQUENCE {
    defaultPagingCycle                  PagingCycle,
    nAndPagingFrameOffset               CHOICE {
        oneT                                NULL,
        halfT                               INTEGER (0..1),
        quarterT                            INTEGER (0..3),
        oneEighthT                          INTEGER (0..7),
        oneSixteenthT                       INTEGER (0..15)
    },
    ns                                  ENUMERATED {four, two, one},
    firstPDCCH-MonitoringOccasionOfPO   CHOICE {
        sCS15KHZoneT                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
        sCS30KHZoneT-SCS15KHZhalfT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                                 SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
        sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
        sCS120KHZoneEighthT-SCS60KHZoneSixteenthT                                   SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
        sCS120KHZoneSixteenthT                                                      SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
    }      OPTIONAL,           -- Need R
    ...,
    [[
    nrofPDCCH-MonitoringOccasionPerSSB-InPO-r16                                  INTEGER (2..4)             OPTIONAL  -- Cond SharedSpectrum2
    ]]
}

-- TAG-DOWNLINKCONFIGCOMMONSIB-STOP
-- ASN1STOP

Step2: DCI-based PEI search space included in DownlinkConfigCommonSIB IE.
[bookmark: OLE_LINK27][bookmark: OLE_LINK26]Proposal 2: DCI-based PEI configuration could be included in DownlinkConfigCommonSIB.

Initial evaluation results for PEI link performance
Simulation assumption and Initial evaluation results for PEI link performance
The performance of sequence-base PEI and DCI-based PEI is discussed with the analysis of results and observation in this section, the detailed evaluation results are discussed in our combination contribution [5]. According to agreements on simulation assumption, the following parameters are assumed.
Table 1: Simulation assumptions for sequence-based PEI and DCI-based PEI link performance evaluation
	Parameters
	Value

	Carrier frequency
	4 GHz

	Channel model
	TDL-C 300ns 100Hz

	Antenna number at BS
	2

	Antenna number at UE
	4

	Subcarrier spacing
	30 kHz

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TBS scaling 1&0.5, DMRS type 1 with 2 additional DMRS

	TRS-based PEI configuration
	Number of RBs: 48
Number of symbols:
1. 2 symbols in a slot(288 REs)
Density: 3 REs/RB

	DCI-based PEI configuration
	AL=4(288 REs)/8(576 REs)/16(1152 REs)
41 info + 24 CRC bits, or 12 info +24 CRC bits
REG bundle size 6

	CFO
	PEI with 0.5 ppm, paging DCI with 0.1 ppm
Paging PDSCH with no frequency error



The initial simulation results are shown as following figures.
[image: ][image: ]
(a): Alt 1(Mandatory metric)                               (b): Alt 2(Optional metric)
Figure 3: Detection performance of 41 bits DCI-based PEI and sequence-based PEI with behaviour-A
[image: ] [image: ]
(a): Alt 1(Mandatory metric)                               (b): Alt 2(Optional metric)
Figure 4: Detection performance of 12 bits DCI-based PEI and sequence-based PEI with behaviour-A
From the Figure 3 and Figure 4, when the MDR of paging PDSCH is 1%, the corresponding SNR for paging PDSCH with TBS scaling 1 is -7.8dB, and the corresponding SNR for paging PDSCH with TBS scaling 0.5 is -10.1dB. The joint MDR should be no worse than the paging PDSCH performance, it could be observed that
· Regardless DCI-based PEI has 41 or 12 bits payload, the radio resource in terms of number of RE for DCI-based PEI with AL of 4 and the sequence-based PEI are same. However, both 41 bits DCI-based PEI and 12 bits DCI-based PEI with AL of 4 cannot meet the requirement of joint MDR performance comparing to that of paging PDSCH with TBS scaling 1 at 1% MDR and paging PDSCH with TBS scaling 0.5 at 1% MDR, but the sequence-based PEI has better performance than the paging PDSCH with TBS scaling 1 at 1% MDR. When the radio resource of DCI-based PEI and sequence-based PEI are the same, the sequence-based PEI has higher miss-detection performance gain over that of the DCI-based PEI regardless of joint MDR in Alt1 or MDR in Alt2. 
· Regardless DCI-based PEI has 41 or 12 bits payload, the amount of the radio resource used for DCI-based PEI with AL of 8 is twice that of sequence-based PEI. However, both 41 bits DCI-based PEI and 12 bits DCI-based PEI with AL of 8 achieve better joint MDR than that of paging PDSCH with TBS scaling 1 at 1% MDR but are worse than that sequence-based PEI. For paging PDSCH with TBS scaling 0.5, both DCI-based PEI with AL of 8 and sequence-based PEI cannot meet the requirement of paging PDSCH in Alt1. Thus, even if the radio resource used for DCI-based PEI with AL of 8 is more than that of sequence-based PEI, the sequence-based PEI provides higher miss-detection performance gain than that of the DCI-based PEI regardless of joint MDR in Alt1 or MDR in Alt2.
· [bookmark: OLE_LINK103][bookmark: OLE_LINK104]Regardless DCI-based PEI has 41 or 12 bits payload, the amount of the radio resource used for DCI-based PEI with AL of 16 is four times than that of sequence-based PEI. Both DCI-based PEI and sequence-based PEI achieve better joint MDR performance than that of paging PDSCH with TBS scaling 1 at 1% MDR. For paging PDSCH with TBS scaling 0.5, both DCI-based PEI with AL of 16 and sequence-based PEI cannot meet the requirement of paging PDSCH in Alt1. For joint MDR performance in Alt1, the detection performance of DCI-based PEI with AL of 16 is similar to that of sequence-based PEI. When the detection performance of DCI-based PEI is similar to that of sequence-based PEI in either joint MDR performance in Alt1, the resource overhead of DCI-based PEI is far more than sequence-based PEI.
Observation 1: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of joint MDR performance of Alt 1 or MDR performance of Alt 2.
Proposal 3: The sequence-based paging indication should be supported in Rel-17 for UE in Idle/Inactive mode for UE power saving.

The UE procedure of PEI miss-detection
PEI has a probability of miss-detection. For UE in RRC-Idle mode, the miss-detection would be considered as no paging indication.
Proposal 4: For PEI miss-detection, UE could consider it as no paging and continue to sleep. 

Conclusion 
In this contribution, paging enhancement in RRC_IDLE/Inactive mode is discussed and analyzed. Based on discussion, we have the following observations and proposals: 
Observation 1: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of joint MDR performance of Alt 1 or MDR performance of Alt 2.
Proposal 1: The sequence-based PEI configuration and procedure could be derived by reference of existing procedure and configuration parameters, e.g., reusing the procedure of paging occasion computation for 38.304.
Proposal 2: DCI-based PEI configuration could be included in DownlinkConfigCommonSIB.
Proposal 3: The sequence-based paging indication should be supported in Rel-17 for UE in Idle/Inactive mode for UE power saving.
Proposal 4: For PEI miss-detection, UE could consider it as no paging and continue to sleep. 
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