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1. Introduction
The following agreements have been made in RAN2#125bis [1] on paging adaptation:
Agreements on paging adaptation:
1. From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle.
2. For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3. For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
 	- Option 1: Prevent the access of legacy UE via barring;
 	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)
[bookmark: _Toc12718547]In this paper, we share some further consideration on the paging occasion adaptation.
2. Discussion
2.1. Understanding on the existing paging occasion determination
Based on the current specification, the SFN of the PF for UE_ID=1will be calculated as follows:
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
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace and firstPDCCH-MonitoringOccasionOfPO if configured.
An example of configuration is given below to better understand the existing paging occasion determination:
T: 32 radio frames
N: 8 (T/4)
PF_offset: 0
Carrier frequency:	< 3 GHz
Subcarrier spacing: 30 kHz ( slot duration: 500 s  20 slots in a radio frame)
CORESET length:	 2 OFDM symbols
Number of beams:	 4
Ns: 4 (i.e. 4 POs per PF)
Monitoring-periodicity-PDCCH-slot: 1
Monitoring-offset-PDCCH-slot:0
Monitoring-symbols-PDCCH-within-slot:11001100110000
First-PDCCH-monitoring-occasion-of-PO:	3 (for PO 1), 12 (for PO2), 33 (for PO 3), 54 (for PO4)
Note: Setting Monitoring-periodicity-PDCCH-slot = 1 and Monitoring-offset-PDCCH-slot = 0 means that the corresponding TS 38.331 parameter monitoringSlotPeriodicityAndOffset contains the parameter sl1 set to a NULL value. The Monitoring-symbols-PDCCH-within-slot parameter is a 14 bits long bitmap/bit string. Each bit in this bit string represents an OFDM symbol in a slot. A bit set to one means that the OFDM slot is a potential OFDM slot to monitor. This value is assigned to the corresponding TS 38.331 parameter monitoringSymbolsWithinSlot.
The PO#1 calculated according to the formula specified in 3GPP specs which UE_ID=1 will monitor is shown in Figure 1.


Figure 1. PO for UE_ID =1 calculated based on the existing paging occasion configuration
2.2. Paging occasion adaptation
The following solutions have been agreed to be further studied in RAN2#125bis:
· Solution 1: bundle paging frames


Figure 2: Bundle paging frames
· Solution 2: extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.


Figure 3: Less PF in T, more PO in PF
-----------------------------------------------------------------------------------ASN.1 for PCCH-Config----------------------------------------------------------------------------------------
PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}
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),
        sCS480KHZoneT-SCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
        sCS480KHZhalfT-SCS120KHZoneEighthT-SCS60KHZoneSixteenthT                    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
        sCS480KHZquarterT-SCS120KHZoneSixteenthT                                    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
    }      OPTIONAL,           -- Need R
    ...,
    [[
    nrofPDCCH-MonitoringOccasionPerSSB-InPO-r16        INTEGER (2..4)               OPTIONAL  -- Cond SharedSpectrum2
    ]],
    [[
    ranPagingInIdlePO-r17                              ENUMERATED {true}            OPTIONAL,  -- Need R

    firstPDCCH-MonitoringOccasionOfPO-v1710  CHOICE {
       sCS480KHZoneEighthT        SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..35839),
       sCS480KHZoneSixteenthT     SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..71679)
}                                                                                  OPTIONAL  -- Need R
    ]]
}
-----------------------------------------------------------------------------------ASN.1 for PCCH-Config----------------------------------------------------------------------------------------
Comparing solution 1 and solution 2, the power saving gain would be similar while solution 2 offers more flexibility, e.g. for the case when there is only one PF in each DRX cycle, solution 2 is almost the same as solution 1, and less spec impact as we only need to introduce new values for the configuration of nAndPagingFrameOffset and ns. 
Thus, solution 2 is preferred from our perspective.
To support solution 2, we need to introduce new values for nAndPagingFrameOffset and ns and the following values can be considered:
	nAndPagingFrameOffset
	oneThirtysecondT                   INTEGER (0..31),
oneSixtyfourthT                       INTEGER (0..63),
one128thT                       INTEGER (0..127),

	ns
	Thirty-two, sixteen, eight 



Proposal 1: Introduce new values for nAndPagingFrameOffset and ns to have increased interval between PFs and more POs per PF.
Proposal 2: Introduce value T/32, T/64 and T/128 for N and value 8, 16 and 32 for ns.
2.3. Compatibility of legacy UE
The following options have been agreed to be studied on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
· Option 1: Prevent the access of legacy UE via barring;
· Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)
Option 1 is preferred from our perspective as if we go for option 2, network need to send paging to legacy UE following the legacy PF/PO configuration and to the new R19 NES UEs following the new configuration and if paging comes for both legacy UE and new NES UE, the power consumption and network implementation complexity would increase.
Proposal 3: Legacy RRC_IDLE/RRC_INACTIVE UE not supporting paging adaption for NES would be barred if network would like to apply this feature.
3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
Proposal 1: Introduce new values for nAndPagingFrameOffset and ns to have increased interval between PFs and more POs per PF.
Proposal 2: Introduce value T/32, T/64 and T/128 for N and value 8, 16 and 32 for ns.
[bookmark: _GoBack]Proposal 3: Legacy RRC_IDLE/RRC_INACTIVE UE not supporting paging adaption for NES would be barred if network would like to apply this feature.
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