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1. Introduction
The following objective has been included in NES enhancement in R19 [1]:
Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
0. Adaptation of SSB in time domain, e.g. adapting periodicity 
0. Adaptation of PRACH in time domain
0. Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
2. This study is to be done in 2Q’2024 only
0. Adaptation of paging occasions including confining the paging occasions in the time domain
3. Note: there shall be no paging latency increase
0. Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
[bookmark: _Toc12718547]In this paper, we share some understanding on the paging occasion adaptation from RAN2 perspective.
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
Ns: 2
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
Observation 1: There is only one PO per paging cycle for each UE. If UE does not receive paging and respond, network would then need to go to the next paging cycle and page such a UE again.
2.2. Paging occasion adaptation
To reduce paging and reach UE as soon as possible, we suggest to offer more paging occasions per paging cycle.
Proposal 1: More PO per paging cycle for each UE can be introduced to reach UE as soon as possible so that network does not need to go to the next paging cycle.
Two examples are given below to show the general solution:
· Solution 1: Introduce additional PO for each UE and the additional PO is offset to the original PO of this UE.


Figure 2. Additional PO determined by offset to the original PO
With this solution 1, a UE will monitor more than one PO per paging cycle.
· Solution 2: Introduce additional PF for each UE and the additional PF is offset to the original PF of this UE.

 Figure 3. Additional PF determined by offset to the original PF
With this solution 2, UE will have more than one PF per paging cycle (the PO in each PF remains the same) and would then monitor more than one PO per paging cycle.
Proposal 2: The following two solutions can be considered to introduce more PO per paging cycle for each UE:
· Solution 1: Introduce additional PO for each UE and the additional PO is offset to the original PO of this UE
· Solution 2: Introduce additional PF for each UE and the additional PF is offset to the original PF of this UE.
3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
Observation 1: There is only one PO per paging cycle for each UE. If UE does not receive paging and respond, network would then need to go to the next paging cycle and page such a UE again.
Proposal 1: More PO per paging cycle for each UE can be introduced to reach UE as soon as possible so that network does not need to go to the next paging cycle.
Proposal 2: The following two solutions can be considered to introduce more PO per paging cycle for each UE:
· Solution 1: Introduce additional PO for each UE and the additional PO is offset to the original PO of this UE
· Solution 2: Introduce additional PF for each UE and the additional PF is offset to the original PF of this UE.
4. Reference
[1] RP-240170 Revised WID for Enhancements of network energy savings for NR
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