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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Work Item for Network Energy Savings was completed in RAN1#114 fulfilling its stated objectives [1]. These completed objectives were a subset of the recommendations [2] from the Study Item that were presented in December 2022 at RAN#98. In RAN#101, companies were quite unanimous in their support for a new WI in Rel-19 for further enhancements of network energy savings. In RAN#102, a new WID was agreed for NES Rel-19 [3]. In RAN#103 the WID was revised with no impact on the RAN1 objectives [RP‑240170]. The objectives of the work item are the following:
1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, SCell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.
2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105
3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
In this contribution, we review and provide our views on the third objective of the WID scope and propose potential solutions.


SSB Adaptation Discussion
The third WID objective addresses procedures and solutions for the adaptation of common signal/channel transmissions (SSB, PRACH, paging channel) for the purpose of network energy savings. Specifically, the WID refers to the time domain adaptation. 
There are a few issues related to this topic that need to be addressed. One of the first issues is to clarify the meaning of time adaptation for a specific signal. 
In RAN1 #116 companies discussed various aspects of SSB time adaptation and reached one agreement that lists possible time adaptation mechanisms for SSB time schedules.
Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity.
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration.
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded

When considering solutions for time adaptation, a note in WID mentions that shall be no negative impact to legacy UEs, unless significant benefits are shown.  Thus, this “do no harm” condition should be behind any choice of time adaptation solution.
The simplest and straightforward way to avoid/minimize the impact on the legacy UEs is to preserve the legacy configurations of the SSB transmissions defined in TS 38.213, Clause 4.1 as much as possible. Legacy configurations are recognized and used by the legacy devices to perform synchronization and acquire SI of MIB or for RRM, RLM purposes.  
During the study phase, as reported in TR 38.864, only SSB periodicities up to 160ms were used to show energy saving for zero or low cell load scenarios when SSB periodicity were investigated. We also note that the SSB transmission formats defined in TS 38.213 allow a period of the SSB transmission burst up to 160ms. Thus, the study phase did not offer strong evidence that larger periodicity values than those already supported are necessary.
Given the reported results and the goal of no impact on the existing UEs, the existing SSB time formats should be used for NES solutions.
[bookmark: _Hlk161927907]Proposal 1: Support the SSB time adaptation based on the existing SSB transmission formats as defined in TS 38.213, Clause 4.1.
A possible approach to the SSB time adaptation, in line with TR 38.864 results, is to reduce the number of transmissions of (legacy) SSBs to a minimum when the cell load conditions allow it, and to increase the number of SSB (legacy) transmissions when the cell load increases.
This approach, also suggested by the second bullet of the above agreement, would not introduce new SSB transmission configurations, and may be obtained by switching between two or more legacy SSB transmission configurations based on the cell load.
In the following section we analyse how this solution can be implemented within existing specifications.
A piece of information provided in the IE servingCellConfigCommon is ssb-PositionsInBurst. For operation in licensed spectrum, ssb-PositionsInBurst indicates the time domain positions of the transmitted SS-blocks in a half frame. The first/leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not transmitted while value 1 indicates that the corresponding SS/PBCH block is transmitted. The network configures the same pattern in this field as in the corresponding field in ServingCellConfigCommonSIB.
Thus, different numbers of SSB transmissions in a half frame may be indicated by changing the ssb-PositionsInBurst. This solution requires no change to the time distribution of SSB transmission formats defined in TS 38.213.
For instance, for 30kHz SCS, Case B (TS 38.213, Clause 4.1), out of 8 maximum SSB transmissions in half frame only 1 may be indicated via the ssb-PositionsInBurst and transmitted.
Observation 1: The simplest solution to achieve NES is to reduce the number of SSB transmissions in half frame period using ssb-PositionsInBurst mask.
As we mentioned above, during the study phase, most energy gains were obtained for SSB larger periodicity for zero or very low cell load. However, low cell load may also offer conditions for initiating cell DTX/DRX configurations for energy saving.
To facilitate cell energy saving the specs support cell Discontinuous Transmission (DTX) (TS 38.300, Clause 15.4.2.3). To reduce gNB downlink transmission/uplink reception active time, UE can be configured with a periodic cell DTX/DRX pattern (i.e. active and non-active periods). The pattern configuration for cell DTX/DRX is common for the UEs configured with this feature in the cell. The cell DTX and cell DRX patterns can be configured and activated separately.  When cell DTX is configured and activated for the concerned cell, the UE may not monitor PDCCH in selected cases or does not monitor SPS occasions during cell DTX non-active duration. When cell DRX is configured and activated for the concerned cell, the UE does not transmit on CG resources or does not transmit a SR during cell DRX non-active duration. This feature is only applicable to UEs in RRC_CONNECTED state and it does not impact Random Access procedure, SSB transmission, paging, and system information broadcasting.  
When configured DTX/DRX non-active durations overlap, the cell load is presumably lower as the DL and UL activity is reduced. Such scenario may justify further energy saving through a reduction in other signals transmissions such as SSB, SI broadcasting, or paging. 
Thus, at least two configurations for SSB periodicity can be considered to achieve further energy savings when configured with DTX/DRX while limiting the impact on the legacy UEs: one SSB transmission pattern during the DTX/DRX active period and one during DTX/DRX non-active periods.  
Proposal 2: Support at least two distinct SSB transmission patterns for cell DTX/DRX active and non-active periods.
As mentioned above, to limit the impact on the legacy devices these distinct SSB transmission patterns may be implemented using the ssb-PositionsInBurst mask on the existing SSB transmissions format specified in TS 38.213.
Rel 19 UEs may benefit from knowing the SSB or SI broadcasting patterns in advance, thus saving additional energy on monitoring these signals. 
For the case above, when DTX/DRX is configured, these patterns may be communicated at the configuration or during the activation or de-activation of the cell DTX and/or DRX cell configuration.
Proposal 3: gNB may inform Rel 19 UEs on the distinct time patterns of SSB transmission for cell DTX/DRX active and non-active periods.
Another agreement from RAN1 # 116 recommends further study of the energy savings for various UE RRC states and CA scenarios.
Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)

The UE behaviour in RRC_IDLE or RRC_INACTIVE is described in TS 38.304. The UE shall monitor the Paging Occasions (POs) as described in TS 38.304, clause 7.1 to receive System Information (SI) change notifications. The changes in the system information are notified by the network using a Short Message as specified in TS 38.331. When the Short Message notifies system information changes, then the UE shall acquire or re-acquire the concerned system information as specified in TS 38.331. When the UE uses Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state to reduce power consumption, the UE monitors one paging occasion (PO) per DRX cycle.
For the legacy UEs, the system information change is indicated in PDCCH Format 1_0, via 1 bit field (Table 7.3.1.2.1-2: System information indicator, TS 38.212), where the SI change indication is only for SIB related information. 
There is no indication of SSB transmission occasions or SSB schedule changes. If SSB time schedule is adapted for NES such indication may be useful to UEs for UE energy savings and for keeping up with the latest SI.
For reduced specs impact the existing specs should be considered as the starting point when defining new SSB signaling. Thus, the indication of new SSB transmission occasions may be achieved via RRC SIB signaling or via a modified DCI Format 2-9, which now is used for activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells for one or more UEs, and/or for providing NES-mode indication of the primary cell for one or more UEs. Another possibility may be to use a modified DCI Format 1_0 with CRC scrambled by a new SI-RNTI.
Proposal 4: For the SSB adaptation mechanism indication consider as design starting points for signaling new SIB, DCI Format 2-9 and respectively DCI Format 1_0 with CRC scrambled by a new SI-RNTI.
Another topic of discussion during RAN1 # 116 was whether the SSB adaptation should be trigger based. The discussions led to the following agreement.
Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration

SSB changes could have a deep impact on the legacy UEs as Cell Defining SSB (an SSB with an RMSI associated information) is used for cell (re-)selection and initial access. The potential impact of changing SSB schedule cannot be assessed by any single UE; it needs to be considered at gNB level as it may impact multiple UEs. gNB may holistically consider the cell traffic load, RRC UE states and cell access rates (initial access and reselection) prior to changing SSB schedule.  Therefore, a single UE trigger cannot be sufficient to motivate an adaptation of SSB in time-domain.
Proposal 5: For Rel 19 NES consider only adaptation mechanism indicated or configured by gNB without UE trigger.

PRACH Adaptation Discussion
PRACH time adaptation
NES WID specifies that in Rel 19 the adaptation in time of PRACH occasions should be considered. The WID was based on the findings during the study phase of NES [TR 38.864], where it was showed that by cutting down the receiving occasions at gNB additional energy savings can be achieved at the expense of increased latency. It was observed that the energy gain generally increases with PRACH periodicity increase for the same number of SSBs.
During RAN1#116 companies reached a couple of agreements regarding the study of PRACH time adaptation.
Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded
Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)
The first agreement refers to the PRACH time adaptation mechanisms, while the second agreement supports the PRACH adaptation mechanisms without a UE trigger and recommends the study of signaling and applicability.
In the first agreement, the basic assumption is that the PRACH adaptation may be obtained by adding additional [different] PRACH resources that can be used by the NES UEs in addition to the existing legacy resources. The agreement suggests that this type of solution may be implemented, for instance, by extending cell DRX operation.  
But what is the meaning of extending cell DRX for PRACH?  Here we present our understanding.
When the cell DRX (TS 38.300) is configured and activated for a concerned cell, the feature does not impact the Random Access procedure (see Section 2.1).   
A straightforward extension of the NES PRACH time adaptation approach can be considered for a cell DRX. In this approach, during the DRX active and non-active duration a basic legacy PRACH time distribution may be supported and available to legacy and non-legacy devices. The legacy PRACH resources would limit the impact on the legacy UEs. During the active duration, additional resources may or may not be enabled only for NES capable UEs.  In addition, NES UEs may be configured to select with higher priority these additional PRACH resources to reduce potential access collisions. Figure 1 shows an example of such PRACH resource distribution.
[image: ]
Figure 1, Legacy and additional NES PRACH resources
Proposal 6: For cell DRX active and non-active durations consider a legacy PRACH resource configuration accessible to all UEs, while for the active DRX duration support additional PRACH configurations that can be accessed only by the NES capable UEs.
As suggested by the agreement, additional PRACH resources may be distributed at a larger periodicity. To minimize the impact on the existing specs as well as the complexity of new solutions, the existing mechanisms should be considered as the starting point of this investigation.
Random access preambles can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 to 6.3.3.2-4 (See Annex 3.1) TS 38.211 and depends on FR1 or FR2 and the spectrum type. The configuration index in these tables is given by the higher layer parameter prach-ConfigurationIndex, or by msgA-PRACH-ConfigurationIndex if configured.
The PRACH slots are in the index frame given by the formula , [TS 38.212, Clause 6.3.3.2] where x is the configuration period {1,2,4,8,16}. The PRACH slots are in a subframe (indicated by the Subframe number) while the number of slots is indicated by the Number of PRACH slots within a subframe (none, one or two).  For instance, in Table 6.3.3.2-3, if PRACH configuration 76 is selected, the period x=2, i.e. 20ms, thus in the odd frames, one PRACH slot will be in each of the subframes 2,3,4,7,8,9. An increased PRACH period corresponds to an increased corresponding “x” value in the configuration table.
In addition to an increased period, grouping the PRACH occasions closer in time would allow gNB longer sleep periods while maintaining the same PRACH occasions in the long run. One way to group PRACH occasions together is to allow more than 2 consecutive PRACH slots in a PRACH subframe or in several consecutive PRACH subframes.
Proposal 7: If new PRACH occasions for NES UEs are added, support increased periodicities and more than 2 consecutive slots in a PRACH subframe.
A mapping pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec, as specified in TS 38.213, which corresponds to the present largest SSB period and PRACH slots periodicity. As discussed in a previous section, increasing SSB periodicity may be beneficial for gNB energy savings.  Therefore, for larger SSB periodicity and PRACH slot periodicity, the pattern of the association between SS/PBCH and PRACH occasions should also be changed.
Proposal 8: Support larger periods of association pattern between PRACH occasions and SS/PBCH blocks if their periodicities are increased beyond the Rel 18 specs. 

PRACH Spatial adaptation
One of the WID topics is the study of the adaptation of PRACH in spatial domain for NES purposes. The argument for including this study was that when gNB reduces the PRACH occasions associated with specific SSB (directions) transmissions it might save some of the energy necessary to monitor PRACH occasions associated with those directions. (For specs details on SSB to PRACH mapping see Annex 3.2.)
Several pros and cons should be considered when adopting non-uniform SSB to PRACH occasions mappings.
The NES benefit of having different PARCH occasions associated with different SSB directions is potentially achieved only if gNB has information on the spatial distribution of UEs. UEs spatial distribution estimation may be possible for RRC_CONNECTED UEs (for instance from measuring reports or from received SRS transmissions). In this case, a gNB, in principle, may configure more occasions for those SSB directions associated with higher UEs density.
However, gNB may not know the spatial distribution of devices in RRC_IDLE or RRC_INACTIVE states, therefore, a minimum number of PRACH occasions must be configured for each SSB transmission to minimize the impact on the legacy devices.
The energy spent to monitor a PRACH occasion is much lower than a transmission, as presented in TR 38.864 (see Annex 3.3). Therefore, reducing the number of receive occasions will lead to lower energy saving than reducing the same number the SSB transmissions, for instance.
In addition, for an (almost) uniform spatial distribution of UEs should be little or no gain in having different numbers of PRACH occasions for different directions. Only a substantial difference in the spatial distribution of UEs could justify the non-uniform PRACH occasions distribution.
Moreover, when a PRACH time adaptation NES solution is implemented, a minimum necessary number of PRACH occasions is configured at any time, therefore, having further reduction with non-uniform PRACH occasions mapping to each SSB transmission may bring little or no benefits.
Proposal 9: Study whether there are any significant benefits of non-uniform PRACH occasions mapping to SSB distribution in conjunction with PRACH occasions time adaptation. 

Paging Channel Adaptation Discussion
In the last RAN1 meeting companies decided to further study paging occasions (PO) adaptation in time and recognized that the details of the specifications should be handled by RAN2.
Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2
In our previous contribution in RAN1 #116 [R1-2400099], we noted that, as was found in the study phase [TR 38.864], changing the existing paging patterns may provide little or negligible energy gain in most scenarios.
Moreover, the existing specs already allow large paging periods up to 10.24s (see Annex 3.4), which could allow longer gNB sleeping patterns.
Nevertheless, changes in SSB time distribution imposed by NES solutions may require some changes of paging configuration as an implicit consequence. Based on the reported results in the study phase, we can conclude that there is not enough evidence to justify independent adaptation in time of paging occasions. The only justified configuration changes of paging occasions are those resulting from changing of other signals/channels such SSB.
Proposal 10: RAN1 should prioritize the time adaptation of the paging as an effect of other signal/channel changes (such SSB) over independent paging time adaptation.
 
Conclusions
[bookmark: _Ref129681832]Proposal 1: Support the SSB time adaptation based on the existing SSB transmission formats as defined in TS 38.213, Clause 4.1.
Observation 1: The simplest solution to achieve NES is to reduce the number of SSB transmissions in half frame period using ssb-PositionsInBurst mask.
Proposal 2: Support at least two distinct SSB transmission patterns for cell DTX/DRX active and non-active periods.
Proposal 3: gNB may inform Rel 19 UEs on the distinct time patterns of SSB transmission for cell DTX/DRX active and non-active periods.
Proposal 4: For the SSB adaptation mechanism indication consider as design starting points for signaling new SIB, DCI Format 2-9 and respectively DCI Format 1_0 with CRC scrambled by a new SI-RNTI.
Proposal 5: For Rel 19 NES consider only adaptation mechanism indicated or configured by gNB without UE trigger.
Proposal 6: For cell DRX active and non-active durations consider a legacy PRACH resource configuration accessible to all UEs, while for the active DRX duration support additional PRACH configurations that can be accessed only by the NES capable UEs.
Proposal 7: If new PRACH occasions for NES UEs are added, support increased periodicities and more than 2 consecutive slots in a PRACH subframe.
Proposal 8: Support larger periods of association pattern between PRACH occasions and SS/PBCH blocks if their periodicities are increased beyond the Rel 18 specs. 
Proposal 9: Study whether there are any significant benefits of non-uniform PRACH occasions mapping to SSB distribution in conjunction with PRACH occasions time adaptation. 
Proposal 10: RAN1 should prioritize the time adaptation of the paging as an effect of other signal/channel changes (such SSB) over independent paging time adaptation.
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ANNEX
PRACH time configurations
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
	PRACH
Configuration 
Index
	Preamble format
	
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
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number of time-domain PRACH occasions within a PRACH slot
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PRACH duration
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	0
	0
	16
	1
	9
	0
	-
	-
	0

	…
	
	
	
	
	
	
	
	

	76
	A1
	2
	1
	2,3,4,7,8,9
	0
	1
	6
	2

	…
	
	
	
	
	
	
	
	

	86
	A1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	7
	1
	3
	2

	87
	A2
	16
	1
	9
	0
	2
	3
	4




SSB to PRACH mapping
As specified in TS 38.213, for Type-1 random access procedure and Type-2 random access procedure, a UE is provided a number  of SS/PBCH block indexes associated with one PRACH occasion. If N<1, one SS/PBCH block index is mapped to 1⁄N consecutive valid PRACH occasions.
This implied association is [TS 38.213] “such that the index of SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains the index of SS/PBCH blocks from the value of higher layer parameter ssb-PositionsInBurst in SystemInformationBlockType1 and/or in ServingCellConfigCommon.”
The PRACH time resources are specified in Table 6.3.3.2-3 (FR1) and Table 6.3.3.2-4 (FR2) in TS 38.213. The resources are the same for each SSB index and they may be used for initial cell access.
There is a uniform mapping between SSB indices and their associated PRACH time resources, used for contention based random access.
Not all SSB indices are necessarily transmitted. For operation in licensed spectrum, ssb-PositionsInBurst indicates the time domain positions of the transmitted SS-blocks in a half frame with SS/PBCH blocks as defined in TS 38.213, clause 4.1. The field ssb-PositionsInBurst is part of the ServingCellConfigCommon.  The network configures the same pattern in this field as in the corresponding field in the IE ServingCellConfigCommonSIB The IE ServingCellConfigCommonSIB is used to configure cell specific parameters of a UE's serving cell in SIB1.
For UE in RRC_CONNECTED state, an explicit association between a SSB index and a subset of RACH occasions may be provided via PRACH Mask index field of the DCI format 1_0, which used for scheduling PDSCH in one DL cell when the random access procedure is initiated by a PDCCH order.
The initial spatial filter to be used by UE to transmit its RACH preamble is left for the implementation. However, the specs require that for a retransmit the same spatial filter is reused [TS 38.213, Clause 8.1]
“A UE transmits a PRACH on a cell using the selected PRACH format with transmission power , as described in clause 7.4, on the indicated PRACH resource or on a determined set of  resources using a same spatial filter in case of  preamble repetitions.”

Relative power values
The relative power used by the gNB during DL and UL activity from the study phase is presented below.
Table 5.1-3: Relative power values P for reference configuration Set 1, Set 2 and Set 3
	Power state
	BS Category 1
	BS Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1

	Light sleep
	25
	2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	200
	152
	32
	26
	17.6

	Active UL
	110
	90
	80
	6.5
	5.8
	4.2




Paging time configuration
Paging procedure is used to transmit information to a UE in RRC_IDLE or RRC_INACTIVE state [TS 38.331, Clause 5.3.2]. The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle.
The network initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 38.304 [20]. The network may address multiple UEs within a Paging message by including one PagingRecord for each UE. The network may also include one or multiple TMGI(s) in the Paging message to page UEs for specific MBS multicast session(s).
For each SSB there are several paging occasions (nrofPDCCH-MonitoringOccasionPerSSB-InPO)
The number of PDCCH monitoring occasions corresponding to an SSB within a Paging Occasion (PO), specified in TS 38.304, clause 7.1.
The maximum number of paging occasions per paging frame is 4. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO.
The PF and PO for paging are determined by the following formulae:
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
where T=DRX cycle of UE. If UE does not operate in DRX (eDRX) mode, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information.
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID:
If the UE operates in eDRX as specified in clause 7.4:
-	5G-S-TMSI mod 4096
else:
-	5G-S-TMSI mod 1024
Parameters Ns, nAndPagingFrameOffset, nrofPDCCH-MonitoringOccasionPerSSB-InPO, and the length of default DRX Cycle are signaled in SIB1. The values of N and PF_offset are derived from the parameter nAndPagingFrameOffset as defined in TS 38.331. The parameter firstPDCCH-MonitoringOccasionOfPO is signalled in SIB1 for paging in the BWP configured by initialDownlinkBWP. For paging in a DL BWP other than the BWP configured by initialDownlinkBWP, the parameter first-PDCCH-MonitoringOccasionOfPO is signaled in the corresponding BWP configuration.
The values for paging cycle period (T) are defined in TS 38.331:
PagingCycle ::= ENUMERATED {rf32, rf64, rf128, rf256}
In Rel 17 more values were added:
ExtendedPagingCycle-r17:: = ENUMERATED {rf256, rf512, rf1024, spare1}
Which allows extending the period up to 1024 frames =10.240s duration.
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