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Introduction
According to Rel 19 WI on network energy savings (revised WID in [1]), following is the objective for adaptation of common signal/channel transmissions. 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 provide our views and proposals for the above objective. 
Discussion
The following aspects are discussed in this section. 
· Adaptation of SSB 
· Adaptation of PRACH in time domain
· Study of adaptation of PRACH in spatial domain
· Adaptation of paging 

Adaptation of SSB 
Below agreement was made in RAN1#116bis regarding adaptation mechanism of SSB and scenarios.
Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· Option A3: adaptation for SSB not on sync raster
· [bookmark: _Hlk166228367]Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized 
In current NR, SSBs are always on-transmissions, and their periodicity can be changed semi-statically. Legacy UE performing initial access on a cell may assume a default SSB periodicity of 20ms. While most other transmission activities (e.g. SIB1, etc) can be minimized (e.g. periodicity of 160ms or larger), SSB transmissions on such cells must continue every 20ms even when the cell has no/light traffic, consuming NW energy. Being able to adapt SSB periodicity (Figure 1) or skipping SSB transmissions on certain occasions can save NW energy. 
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Figure 1. An example of adaptation of SSB periodicity. 
The TR 38.864 (in [2]) captures the evaluation results for adaptation of SSB periodicity (and other common signals/channel) as part of technique A-1. It shows that significant NW energy savings gain be obtained by SSB periodicity adaptation. Such gain by adapting SSB periodicity from 20ms to 40 ms is also demonstrated in below Figure 2. The set-up assumes that the other transmissions/receptions are minimized (e.g., SIB1/PRACH is 160ms) to show the full potential of the SSB adaptation.
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Figure 2. NW energy saving (NES) when SSB periodicity is increased from 20ms to 40ms.
Being able to dynamically adapt SSB periodicity allows opportunities for NW energy savings. For UEs in connected mode, explicit L1 signaling can be used to inform UEs of the periodicity/occasions where they can assume presence of SSBs on a cell. Legacy UEs may not be able to use such a carrier. 
1. [bookmark: _Toc166252115]Dynamic adaptation of SSB periodicity provides additional network energy savings, e.g., 16% when SSB periodicity changes from 20ms to 40ms.
1. [bookmark: _Toc159001457][bookmark: _Toc159001458][bookmark: _Toc159001459][bookmark: _Toc159001460][bookmark: _Toc159001461][bookmark: _Toc159001462][bookmark: _Toc159001463][bookmark: _Toc159001466][bookmark: _Toc159001467][bookmark: _Toc159001468][bookmark: _Toc166252116][bookmark: _Hlk158755746]When dynamic adaptation of SSB periodicity is used for a carrier, legacy UEs may not be able to use the carrier.
Since SSB is always-on transmission, reducing SSB transmissions can provide significant energy savings. It should be possible to apply this mechanism as widely as possible including for idle/inactive as well as for PCell/SCells. The design can ensure that SSBs can be made available accordingly when needed for the UE (e.g. by switching between sparse and dense SSBs, etc). 
For RRC idle/inactive, note that already in legacy specifications, a non-initial-access cell may have SSB periodicity of 160ms: 
SSB-MTC2-LP-r16 ::= SEQUENCE { 
pci-List SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId OPTIONAL, -- Need R 
periodicity ENUMERATED {sf10, sf20, sf40, sf80, sf160, spare3, spare2, spare1} 
} 
For example, as illustrated in Figure 3, if a capacity cell is overlapped by a coverage cell, the SSB rate of the capacity cell may be every 160ms while the UE will be able to find the overlapping coverage cell for initial access as it is providing SSBs every 20ms. Then through neighbor cell information (SSB-MTC2-LP) provided by the coverage cell the UE may reselect to the low-rate SSB capacity cell. 
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Figure 3: Deployment according to legacy specifications in which a coverage cell providing initial access functionality provides SSB every 20ms, while the overlapped capacity cell (non-initial-access) provides SSBs every 160ms.
[bookmark: _Toc165984149][bookmark: _Toc166252117]In legacy specifications the periodicity of SSB can be 160ms for non-initial-access cells. 
For such case, SSB adaptation for Rel-19 UEs in RRC idle/inactive can be applied, by providing additional SSBs (in addition to a base SSB) prior to the POs which the UE may choose to perform measurements/PO processing as illustrated in Figure 4. Through such scheme, it would then become more beneficial to deploy cells providing SSBs at low rate. Hence, for RRC idle/inactive, we think that adaptation of SSBs in non-initial-access cells should be supported.
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[bookmark: _Ref166227693][bookmark: _Ref166227666]Figure 4: Timeline of RRC idle/inactive UE that needs of multiple SSBs before the PO when SSB adaptations are done. The UE may choose to wake up closer to PO when additional SSBs are provided.
[bookmark: _Toc165984151][bookmark: _Toc166252118]Adapting SSBs for UEs in idle/inactive such that additional SSBs are added on top of low-periodicity SSBs prior to POs makes deployment of cells with low-rate SSBs more beneficial. 
In last meeting, it was agreed to study different options for which SSBs can be adapted (e.g. whether the SSBs are cell-defining or not, whether they are on the sync raster or not, etc). Some analysis is provided below. 
We start with the simplest case first, i.e., SSB adaptation for a Rel-19 NES-capable UE’s SCell. In NR, when a UE is configured with an SCell, the UE is provided with all the relevant configuration information for the SCell. The UE is provided time/frequency resources and other configuration details of the SSBs, and it simply processes those regardless the SSBs are cell-defining or not. Analogously, for Rel-19 NES-capable UE’s SCell, it is not necessary to apply restriction on adapting SSBs as it is immaterial to that UE’s SCell operation whether the SSBs are cell defining or not. However, when cell defining SSBs are adapted (e.g., periodicity is changed), legacy UEs that can find such a cell may not be able to use such cell. Mechanisms such as cell barring could be considered to prevent legacy UEs from doing initial access on cell operating with adaptation of SSB in time-domain e.g. like the barring mechanism specified in Rel-18 NES WI for cell DTX/DRX. Thus, at least adaptation based on SSB that is not CD-SSB can be supported for the various case.
Regarding idle/inactive, as described earlier, SSB adaptation should be supported at least for the case of non-initial access cells.
1. [bookmark: _Toc166252138][bookmark: _Hlk166229851]For adaptation of SSB in time-domain, support at least the following scenarios.
0. [bookmark: _Toc166252139]Rel-19 NES-capable UE’s PCell (Connected mode) 
0. [bookmark: _Toc166252140]Adaptation for SSB that is not CD-SSB 
0. [bookmark: _Toc166252141]Rel-19 NES-capable UE’s SCell 
1. [bookmark: _Toc166252142]Adaptation for SSB that is not CD-SSB 
0. [bookmark: _Toc166252143]Note: There can be a sparse CD-SSB present in the cell along with the adaptable SSB that is not CD-SSB
[bookmark: _Toc166252119]For adapting SSB that is CD-SSB, mechanisms such as cell barring are needed to prevent legacy UEs from doing initial access on cell operating with adaptation of SSB in time-domain.  
1. [bookmark: _Toc166252144]Support the following for Rel-19 NES-capable UE in idle/inactive mode at least for the case of non-initial access cells.
1. [bookmark: _Toc166252145][bookmark: _Hlk166227815]Adaptation for SSB that is not CD-SSB 
1. [bookmark: _Toc166252146]Note: A sparse CD-SSB is present in the cell along with the adaptable SSB that is not CD-SSB
Next, we discuss the SSB adaptation mechanisms. 
Switching between SSB burst periodicity is simple mechanism that can provide significant NES gains (e.g. in Figure 2). Likewise, adaptation based on two SSB configurations can provide more flexibility in case more than periodicity needs to be adapted. Therefore, we propose to support both these techniques. Further details of the adaptation such as configuration aspects, etc can be discussed afterwards. Moreover, as described earlier, dynamic adaptation of SSBs would be beneficial. 
1. [bookmark: _Toc163080166][bookmark: _Toc166252147]For adaptation of SSB in time-domain, at least the following is supported.
2. [bookmark: _Toc163080167][bookmark: _Toc166252148]Adaptation of SSB burst periodicity.
a. [bookmark: _Toc163080168][bookmark: _Toc166252149]Adaptation based on two SSB configurations (i.e., a sparse CD-SSB along with adaptable SSB that is not CD-SSB).
1. [bookmark: _Toc166252150][bookmark: _Hlk163148442]Support dynamic adaptation of SSB in time domain e.g., based on DCI indication.
[bookmark: _Hlk158754416]For UEs in RRC idle/inactive mode, changing the default SSB periodicity (e.g., to > 20ms) for Rel-19 UEs can be considered to enable NW energy savings for such cells. This can have some impact on UE power consumption, but with UE implementations maturing into the 5G advanced phase, a longer default SSB periodicity larger than 20ms can be considered. 
1. [bookmark: _Toc166252151]For Rel-19 idle/inactive mode UE, consider longer default SSB periodicity (>20ms) for initial access. 
Regarding changing SSB burst structure, we do not see any large energy-saving potential in further optimization at the timescale of a single SSB burst. While such optimization may at its best enable additional periods of micro-sleep, the cost in terms of standardization effort and legacy impact can be high. Instead, focus should be on the longer timescale and avoiding unnecessary wake-ups that can enable deeper sleep states.
1. [bookmark: _Toc166252120]Optimization on the timescale of individual SSB bursts only provides limited energy savings gains at a high cost in terms of standardization effort and legacy impact.
Regarding the introduction of new SSB burst periodicity value(s), we think the values supported in current specifications (between 5ms and 160 ms) are sufficient. The 160ms periodicity ensures that a UE can operate in the network and gives the network the opportunity to enter deep sleep state.
Regarding using cell DTX for SSB adaptation, combining SSB adaptation with cell DTX would in a typical setup mean that the network provides high rate SSB during on-period and a base SSB rate during off-period. However, the lowest SSB provision rate in current spec is 160ms which is possible for allowing idle/inactive UE cell reselection within the network and keep connected UEs active. Note however, it is not always urgent to provide high rate SSBs during DTX on-period. Regarding the case that connected UE needs mobility measurement, the measurement may not be needed during every DTX on-period so it could impact the energy saving gain and reduces the freedom of SSB pattern provision as well. In our view, the SSB provision rate and Cell DTX operations are not strongly correlated, and we therefore don’t see the necessity to connect these two functions together. 
1. [bookmark: _Toc166252121]Applying the cell DTX operation for adaptation of SSB is not necessary as the SSB provision rate and cell DTX operation cycle may not be fully correlated.

Adaptation of PRACH

Adaptation of PRACH in time domain
Below agreement was made in last meeting.
Agreement
For adaptation of PRACH in time-domain, support at least the following: 
· Adaptation based on additional 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
· Configuration of additional PRACH resources is provided by semi-static signalling
· FFS: details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs
· FFS: adaptation mechanism for additional PRACH resources
· Note: No change to the existing PRACH configuration tables in 38.211

In current NR, another significant periodic/always-on activity for a cell that supports initial access is PRACH and its periodicity can be changed only semi-statically. These resources cannot be dynamically adjusted to accommodate changes in traffic load or save energy at the gNB. The PRACH reception on such cells must continue quite frequently even when the cell has no/light traffic, consuming NW energy. Dynamic adaptation of the PRACH occasions in the time domain allows NW energy saving while balancing initial access performance, as shown in Figure 3.  
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Figure 5. An example of adaptation of PRACH. 
Being able to dynamically adapt RACH occasions allows opportunities for NW energy savings. This can be done without requiring System Information update procedure. The additional RACH occasions on an as-needed basis using dynamic signaling. Dynamic indication is also useful to avoid PRACH storm may follow the condensed POs (see section 2.3) if many UEs are in the coverage of current gNB. The sparsely distributed PRACH occasions, initially designed for energy conservation purposes, may struggle to accommodate the simultaneous access demands of numerous UEs. Therefore, condensed paging often needs to be used in conjunction with PRACH adaptation. In addition, if CHO is triggered for a NES cell, the target cell may need to quickly change the PRACH configuration and notify the UEs to provide sufficient PRACH resources for the UEs. Therefore, we propose using dynamic indication such as DCI for notification of these configuration updates. Note that legacy UEs can still use such a carrier when legacy RACH configuration is configured in system information.  
1. [bookmark: _Toc159217066][bookmark: _Toc163213173][bookmark: _Toc166252122]PRACH resources cannot be dynamically adjusted to accommodate changes in traffic load or demand effectively according to the current 3GPP specifications.
1. [bookmark: _Toc159217067][bookmark: _Toc163213174][bookmark: _Toc166252123]Adaptation of PRACH in time domain without SI update is necessary.
The dynamic adaptation of the additional PRACH resources can be done using DCI based mechanism. Our preference is to support dynamic indication without increasing UE blind decoding budgets, for example, by reusing the existing DCI format 1_0 (or other DCIs that UEs monitor in idle/inactive such as 2_7, or a new DCI that is size matched to 1_0/2_7, etc) and search spaces as much as possible. Main benefit of PRACH adaptation comes when it is applied for idle/inactive UEs, and hence the search spaces/coresets configured via SI would be useful for the DCI based indication. 
1. [bookmark: _Toc163213197][bookmark: _Toc166252152]Support dynamic adaptation of the additional PRACH resources for Rel-19 UEs, e.g. based on DCI indication.
Regarding the configuration of additional PRACH resources for Rel-19 UEs, there are several possibilities. The simplest is to provide an additional RACH configuration from legacy spec (as per TS38.211). In addition, some additional parameters could be introduced to increase the flexibility of the configuration, such as time offsets, etc. An example provisioning of addition PRACH configuration is given in Figure 5, where NW provides legacy UE ROs as 1st PRACH configuration in yellow. The additional or 2nd PRACH configuration is selected from specs with an additional time-offset to space the ROs relative to the ROs of the 1st PRACH configuration. The 2nd PRACH configuration can also facilitate provisioning of condensed ROs close to the condensed POs (discussed in Section 2.3), creating long sleep opportunities for the gNB. 
[image: ]
Figure 6. Adaptation based on two PRACH configurations - 1st PRACH configuration (e.g. legacy) and 2nd PRACH configuration (e.g. for Rel-19 UEs).
When additional PRACH resources are provided, it is possible that there are overlaps between legacy and additional PRACH resource. Although it is agreed that SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs, if a cell receive a preamble corresponding to a RO which is covered by different PRACH resources from different configurations, the cell needs to know which SSB-RO mapping mechanism it should use. Otherwise, the corresponding RO may be related to a wrong SSB beam index. NW has few options to get above information and one option is to reserve some preambles for legacy and NES UEs separately. However, this option will limit the number of UEs that the PRACH resource can handle, resulting in increased competitions, which contradicts the motivation for providing additional PRACH resources. Therefore, a more reasonable approach is to avoid additional resource overlap with legacy resources. This eliminates the need to consider the problem that the cell cannot determine the correct SSB beam during the SSB-RO mapping process and ensure that additional resources are fully available NES UEs.
1. [bookmark: _Toc165984154][bookmark: _Toc166252124]Avoiding overlaps between legacy and additional PRACH resource facilitates simpler SSB-RO mapping for the additional PRACH resource.
1. [bookmark: _Toc166252153]Support at least the case where the additional PRACH resources and PRACH resources for legacy UEs are non-overlapping in time-domain.
[bookmark: _Hlk165921196]In addition, for some overlaps that are difficult to completely avoid, applying time/frequency offset for additional PRACH resources can be useful. This can also increase the selection range of additional resource configurations and improve the flexibility of selection. For example, when the legacy configuration is index 5 from table in 38.211, the additional PRACH could chose index 17, as shown in Figure 6, where 8 SSBs and ssb-perRACH-Occasion = 1 are assumed. There are overlaps in Frame 0 and Frame 2 which are marked in red. Both NW and UEs can ignore those overlaps when generating SSB-RO mapping for additional PRACH resource. But the amount of available PRACH resources is reduced, in this case, by 1/3. If time offset is applied to configuration index 17, e.g., one slot offset, then all additional PRACH resources provided by configuration index#17 are available and mapping all SSB/PBCH to the PRACH occasions at least once is straightforward. As we mentioned above that a cell should configure sparse PRACH resources to legacy UEs for energy saving when PRACH adaptation is applied. Therefore, there should be always a chance to apply time offset to additional PRACH resources to avoid PRACH resource overlap. Applying frequency offset to PRACH resource by msg1-FrequencyStart in RACH-ConfigGeneric is also an option to avoid overlaps between legacy and additional PRACH resource if the legacy resource is configured to a certain position in frequency within the bandwidth of the UL BWP. This also helps with condensing ROs near condensed POs.

[image: ]	Comment by Author: Will modify details later.
[bookmark: _Ref165983367]Figure 7: An example of legacy and additional PRACH resource configuration.

1. [bookmark: _Toc166252125]Introducing a time-domain offset parameter (e.g. sub-frame-level or slot-level) for additional RACH resource can facilitate no time-domain overlap of the additional PRACH resources and PRACH resources for legacy UEs.

1. [bookmark: _Toc166252154]For the additional PRACH resources, support higher layer signaling of at least the following:
7. [bookmark: _Toc166252155]RACH configuration and 
7. [bookmark: _Toc166252156]a time-domain offset parameter (e.g. sub-frame-level or slot-level) for identifying the RACH resources
1. [bookmark: _Toc166252157]The configuration of additional PRACH resources should also facilitate condensing PRACH resources in time domain near the condensed POs. 
Below agreement was made in RAN1#116bis meeting regarding SSB-RO mapping for the additional PRACH resources.
Agreement
For adaptation of PRACH in time-domain, support the following: 
· SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs (if any)
· FFS: whether/how to handle SSB-RO mapping if the additional PRACH resources overlap in both time and frequency with the PRACH resources for legacy UEs
· Note: SSB-RO mapping of the PRACH resources for legacy UEs is not impacted if Rel-19 UE uses these PRACH resources
· FFS: SSB-RO mapping for the additional PRACH resources 

As mentioned earlier, by applying time/frequency offset, resource overlap between legacy and additional PRACH ca be avoided and the mapping index issue is solved. Just in case that a denser configuration of legacy PRACH is applied, overlaps between legacy and additional PRACH resource may be inevitable at some symbol/slot/frame and these can cause issues in SSB-RO mapping also. For such cases some mechanism for resource invalidation/unavailability/priority needs to be considered, but we think such aspects can be discussed later. 
1. [bookmark: _Toc166252126][bookmark: _Toc165984262]For the additional PRACH resources, if the additional PRACH resource still overlap with a legacy PRACH resource in time and frequency domain, resource invalidation/unavailability/priority mechanisms need to be considered.
For SSB-RO mapping of additional PRACH resources, it can be configured based on the configured PRACH resources and there is no need to restrict the SSB-RO mapping of additional PRACH resources to be the exact same as legacy configurations. For example, the parameter for ssb-perRACH-OccasionAndCB-PreamblesPerSSB for additional PRACH resources may be different than that of the legacy PRACH resources. However, it is simplest that the additional PRACH resources are mapped to all the transmitted SSBs of the SSB burst at least for the time-domain adaptation. 
1. [bookmark: _Toc166252158]Support at least the case where the SSB-RO mapping mechanism for additional PRACH resources follows the legacy SSB-RO mapping procedure, i.e., the additional PRACH resources are mapped to all the transmitted SSBs of the SSB burst.

Study of adaptation of PRACH in spatial domain

In current specification, PRACH resources are uniformly distributed in the spatial domain (i.e., per SSB), as shown in Figure 8 (1st PRACH configuration with SSBs 0,1,2,3 mapping to ROs). However, there may be significant differences in the amount of served UEs across different SSBs (e.g., over time, etc). This can not only be due to user location, but it can also be dependent on deployment. In general, this can lead to increased RA failure rates in areas/beams with high UE density (e.g., if many users try to access simultaneously) and waste of gNB processing in areas/beams with very low UE density. 

To address the issues, non-uniform configuration of PRACH resources in the spatial domain can be considered, e.g. as shown in Figure 8, by adding an additional second PRACH configuration that maps ROs to only a subset of SSBs (only SSBs 2 and 3) instead of mapping them to all transmitted SSBs. Thus, this can be achieved by using a unified framework with RACH adaptation in time domain (i.e. with proposal 7 in section 2.2.1).
[image: ]
Figure 8: PRACH in spatial domain: uniform ROs in 1st PRACH configuration (e.g. legacy) and non-uniform ROs in 2nd PRACH configuration (e.g. for Rel-19 UEs).
We first provide some data/analysis on UE distribution across the different beams in below figure. The scenarios are primarily based on FR2 deployments and show the percentage of number of UEs in coverage of different SSBs vs the percentage of SSBs. Scenarios 1 and 2 show some typical cases of urban/suburban scenarios and the observed user distributions. Scenario 3 shows a hotspot-like case (stadium) where the user distribution may be more uniform. For example, the figure shows that for scenario 1, less than 10% of users would be in coverage of 50% of the SSBs while the remaining 90% users are in the coverage of the other 50% of the SSBs. Similarly for scenario 2, less than 20% of users would be in coverage of 50% of the SSBs and the remaining 80% users are in the coverage of the other 50% of the SSBs.

1. [bookmark: _Toc166252127]Non-uniform distribution of UEs in different beams is observed in practical deployments, particularly in FR2.
[image: ]
Figure 9: Illustration of the non-uniform distribution on UEs in spatial domain for three different scenarios.
[bookmark: _Toc165984157][bookmark: _Toc165984159][bookmark: _Toc166252128]We evaluated the energy-saving benefits of spatial domain PRACH adaptation. Table below shows the simulation result for uniform/non-uniform PRACH configuration for spatial domain as per agreed framework for evaluation. Detailed results with assumed settings are shown in Annex A.
Table 1: Network energy savings gain achieved by non-uniform PRACH resource allocation across SSBs.
	SIB1 period
	Spatial domain PRACH adaptation 
	Reference case (legacy/time-domain PRACH adaptation)
	NES gain of spatial domain PRACH adaptation over reference case
	Notes

	40ms
	C1
	A1-1
	-10%
	· A1-1: (legacy) 8 SSBs/RO,
· A1-2: (legacy) 8 SSBs/RO,
· C1: One additional RO per 20ms, 4SSBs/RO for additional RO; [ 2nd additional RO is dropped i.e.. Additional RO for only half of the SSBs.]
· B1: Three additional ROs per 20ms, 8 SSBs/RO,
· for A2-1: 1 RO, 8 SSBs/RO, 
· C2: One additional RO in FDM per 160ms, 4SSBs/RO for additional RO; [Additional RO for only half of the SSBs.]
· B2: Two additional ROs in FDM, 4 SSBs/RO 
· 1-symbol PDCCH for SIB1 scheduling.

	40ms
	C1
	A1-2
	24%
	

	40ms
	C1
	B1
	24%
	

	40ms
	C2
	A2-1
	-0.15%
	

	40ms
	C2
	B2
	0.15%
	

	160ms
	C2
	A2-1
	-0.18%
	

	160ms
	C2
	B2
	0.18%
	




1. [bookmark: _Toc163213175][bookmark: _Toc166252129]Non-uniform PRACH to SSB mapping can provide following NES gains over legacy PRACH to SSB mapping for eight beam case.
10. [bookmark: _Toc163213176][bookmark: _Toc166252130]24% when the effective RACH resources in time-domain are reduced by 50% (i.e. for Case C1 vs B1/A1-2)
10. [bookmark: _Toc163213178][bookmark: _Toc166252131]Less than 0.2% when the effective RACH resources in time-domain are not reduced (i.e. for Case C2 vs B2/A2-1)
10. [bookmark: _Toc163213179][bookmark: _Toc166252132]Note: Most of the gains are achieved by reducing overall RACH resources in time-domain.
A timeline of A1-1/B1/C1 is provided along with energy consumption evaluations in below figures. The figure illustrates that C1 yields additional NES gains because of extra light sleep opportunities. 
[image: ]
Figure 10: Timeline of A1-1/B1/C1 where SIB1 is every 40ms.

[image: ]
Figure 11: Timeline of A1-1/B1/C1 where SIB1 is every 40ms.
Based on the above results and analysis, we propose the following:

1. [bookmark: _Toc163213199][bookmark: _Toc166252159]Support non-uniform PRACH resource to SSB mapping based on the following:
10. [bookmark: _Toc163213200][bookmark: _Toc166252160]The configuration of additional PRACH resources for Rel-19 UEs should also facilitate mapping the additional PRACH resources to a subset of SSBs. 

Adaptation of Paging 
Below was agreed in last meeting. 
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 current NR, the paging occasions are uniformly spread in time domain. Depending on paging load, especially in scenarios where paging message are escalated and transmitted in multiple cells of the registration area of the UEs, the gNBs would not have the opportunity for deeper sleep states.  To obtain more power saving gain, gNBs need longer consecutive sleeping chance, which becomes possible by condensing PO/PF. In order to cope with legacy UEs, we think that these POs can be configured for Rel-19 UEs on top of a set of legacy POs that are configured sparsely in time (e.g., per 160ms). See below figure, for an example, 
[image: ]
Figure 12. An example of condensed Paging Occasions.
Note that when it comes to the condensed POs, we don’t see a need for dynamics as we don’t see a use case that would justify it. Furthermore, in contrast to SSB/PRACH adaptations where extra resources are enabled for the UE and not a major problem if the UE misses their activation, for the POs it is absolutely necessary to ensure that both the UE (in fact all UEs) and the NW have the same configuration understanding. Hence, for the condensed POs we think that the configuration can be semi-statically provided and updated according to legacy schemes via system information update.
1. [bookmark: _Toc166252133]Semi-static configuration of PO by system information update avoids UE missing configuration updates.
One issue that can occur with condensed paging is that a PRACH storm may follow the POs if many UEs are in the coverage of current gNB. The sparsely distributed PRACH occasions, initially designed for energy conservation purposes, may struggle to accommodate the simultaneous access demands of numerous UEs. Therefore, condensed paging often needs to be used in conjunction with PRACH adaptation. On the other hand, for UEs in poor channel conditions, the gNB may need to provide additional SSBs before the POs and dynamically activated additional PRACH occasions. Therefore, condensed PO also needs to be used in conjunction with SSB adaptation. 
We evaluated some cases between conventional condensed paging and further condensed paging to have better insight on the potential power saving gain.
Below table shows the network energy saving gain for different paging configurations. The configuration (SSB@20ms, PRACH@10ms, SIB1@40ms) may be a typical setting, and (SSB@40ms, PRACH@40ms, SIB1@40ms) can be considered as somewhat sparser setting. We assume the paging configuration of 40ms, Ns=4 as the minimum condensed paging baseline (i.e., from legacy) where 4 paging occasions are condensed every 40ms. For further condensed paging (New), Ns=8 and 16 were used for evaluation purposes. The simulation results shows that there may be no network energy saving gain for the cases with small SSB periodicities (20ms/40ms) because gNB needs to anyways wake up often (every 20/40ms) to transmit/receive SSB, SIB1, and PRACH. 
To achieve deep sleep, the gNB need at least 50ms opportunity (for CAT1) which can be achieved for case (SSB@160ms, PRACH@160ms, SIB1@160ms) and for this case, we can observe that 6% to 17% network energy saving gain can be achieved if further condensed paging is used.
Table 2. Network energy saving gain for different paging configurations (10% paging rate). BS energy consumption model is CAT1.
	SSB/PRACH/SIB1 periodicity
	PF periodicity
	Ns (POs per PF)
	One beam
	Four beams

	
	
	
	average power
	NES gain
	average power
	NES gain

	SSB@20ms, PRACH@10ms, SIB1@40ms
	40ms (baseline)
	Ns=4 (legacy)
	22.6
	0%
	26.95
	0%

	
	80ms
	Ns =8 (New) 
	22.6
	0%
	26.95
	0%

	
	160ms
	Ns=16(New)
	22.6
	0%
	26.95
	0%

	SSB@40ms, PRACH@40ms, SIB1@40ms
	40ms (baseline)
	Ns=4 (legacy)
	15.9
	0%
	20.3
	0%

	
	80ms
	Ns =8 (New) 
	15.9
	0%
	20.3
	0%

	
	160ms
	Ns=16(New)
	15.9
	0%
	20.3
	0%

	SSB@160ms, PRACH@160ms, SIB1@160ms
	40ms (baseline)
	Ns=4 (legacy)
	5.32
	0%
	7.35
	0%

	
	80ms
	Ns =8 (New) 
	4.71
	11%
	6.92
	6%

	
	160ms
	Ns=16(New)
	4.29
	17%
	6.61
	10%


 
1. [bookmark: _Toc163079716][bookmark: _Toc166252134]For paging capacity of ~1 PO per radio frame, further condensed paging provides following NES gains over legacy condensed paging, 
12. [bookmark: _Toc163079717][bookmark: _Toc166252135]11% ~ 17% (single beam) when SSB/PRACH/SIB1 periodicity is 160ms. 
12. [bookmark: _Toc163079718][bookmark: _Toc166252136]6% ~ 10% (four beams) when SSB/PRACH/SIB1 periodicity is 160ms.
12. [bookmark: _Toc163079719][bookmark: _Toc166252137]No gains observed (for single beam and four beams) when SSB/PRACH/SIB1 periodicity is 20ms/10ms/40ms or 40ms/40ms/40ms.

Joint adaptation 

As mentioned in earlier sections, we support dynamic adaptation of SSB and PRACH functionalities.  Our preference would be to enable a common DCI design which can control these adaptations, but this needs feasibility study. We note that while the DCI design may be common, it should be flexible enough to facilitate adaptation of the individual features (e.g., adapting PRACH only or adapting SSB only, e.g. for SCell case, etc) as well. More details on this DCI, e.g., DCI size and contents, need to be discussed as well. 
For the SSB/PRACH adaptation pattern, several practical patterns can be configured in advance through RRC. In addition, we think that the UE and NW do not necessarily need to be aligned, because the system still works even if a UE misses the message that these additional/auxiliary SSBs or RACH transmission occasions are activated. 

1. [bookmark: _Toc163213201][bookmark: _Toc166252161]Study feasibility to support dynamic adaptation for SSB/PRACH based on a common DCI design. There should be sufficient flexibility to adapt and configure them jointly or independently. 

[bookmark: _Hlk83889356][bookmark: _Hlk83889312]3	Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations were made: 
Observation 1	Dynamic adaptation of SSB periodicity provides additional network energy savings, e.g., 16% when SSB periodicity changes from 20ms to 40ms.
Observation 2	When dynamic adaptation of SSB periodicity is used for a carrier, legacy UEs may not be able to use the carrier.
Observation 3	In legacy specifications the periodicity of SSB can be 160ms for non-initial-access cells.
Observation 4	Adapting SSBs for UEs in idle/inactive such that additional SSBs are added on top of low-periodicity SSBs prior to POs makes deployment of cells with low-rate SSBs more beneficial.
Observation 5	For adapting SSB that is CD-SSB, mechanisms such as cell barring are needed to prevent legacy UEs from doing initial access on cell operating with adaptation of SSB in time-domain.
Observation 6	Optimization on the timescale of individual SSB bursts only provides limited energy savings gains at a high cost in terms of standardization effort and legacy impact.
Observation 7	Applying the cell DTX operation for adaptation of SSB is not necessary as the SSB provision rate and cell DTX operation cycle may not be fully correlated.
Observation 8	PRACH resources cannot be dynamically adjusted to accommodate changes in traffic load or demand effectively according to the current 3GPP specifications.
Observation 9	Adaptation of PRACH in time domain without SI update is necessary.
Observation 10	Avoiding overlaps between legacy and additional PRACH resource facilitates simpler SSB-RO mapping for the additional PRACH resource.
Observation 11	Introducing a time-domain offset parameter (e.g. sub-frame-level or slot-level) for additional RACH resource can facilitate no time-domain overlap of the additional PRACH resources and PRACH resources for legacy UEs.
Observation 12	For the additional PRACH resources, if the additional PRACH resource still overlap with a legacy PRACH resource in time and frequency domain, resource invalidation/unavailability/priority mechanisms need to be considered.
Observation 13	Non-uniform distribution of UEs in different beams is observed in practical deployments, particularly in FR2.
We evaluated the energy-saving benefits of spatial domain PRACH adaptation. Table below shows the simulation result for uniform/non-uniform PRACH configuration for spatial domain as per agreed framework for evaluation. Detailed results with assumed settings are shown in Annex A.
Observation 14	Non-uniform PRACH to SSB mapping can provide following NES gains over legacy PRACH to SSB mapping for eight beam case.
a.	24% when the effective RACH resources in time-domain are reduced by 50% (i.e. for Case C1 vs B1/A1-2)
b.	Less than 0.2% when the effective RACH resources in time-domain are not reduced (i.e. for Case C2 vs B2/A2-1)
c.	Note: Most of the gains are achieved by reducing overall RACH resources in time-domain.
Observation 15	Semi-static configuration of PO by system information update avoids UE missing configuration updates.
Observation 16	For paging capacity of ~1 PO per radio frame, further condensed paging provides following NES gains over legacy condensed paging,
a.	11% ~ 17% (single beam) when SSB/PRACH/SIB1 periodicity is 160ms.
b.	6% ~ 10% (four beams) when SSB/PRACH/SIB1 periodicity is 160ms.
c.	No gains observed (for single beam and four beams) when SSB/PRACH/SIB1 periodicity is 20ms/10ms/40ms or 40ms/40ms/40ms.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For adaptation of SSB in time-domain, support at least the following scenarios.
a.	Rel-19 NES-capable UE’s PCell (Connected mode)
i.	Adaptation for SSB that is not CD-SSB
b.	Rel-19 NES-capable UE’s SCell
i.	Adaptation for SSB that is not CD-SSB
c.	Note: There can be a sparse CD-SSB present in the cell along with the adaptable SSB that is not CD-SSB
Proposal 2	Support the following for Rel-19 NES-capable UE in idle/inactive mode at least for the case of non-initial access cells.
a.	Adaptation for SSB that is not CD-SSB
b.	Note: A sparse CD-SSB is present in the cell along with the adaptable SSB that is not CD-SSB
Proposal 3	For adaptation of SSB in time-domain, at least the following is supported.
a.	Adaptation of SSB burst periodicity.
b.	Adaptation based on two SSB configurations (i.e., a sparse CD-SSB along with adaptable SSB that is not CD-SSB).
Proposal 4	Support dynamic adaptation of SSB in time domain e.g., based on DCI indication.
Proposal 5	For Rel-19 idle/inactive mode UE, consider longer default SSB periodicity (>20ms) for initial access.
Proposal 6	Support dynamic adaptation of the additional PRACH resources for Rel-19 UEs, e.g. based on DCI indication.
Proposal 7	Support at least the case where the additional PRACH resources and PRACH resources for legacy UEs are non-overlapping in time-domain.
Proposal 8	For the additional PRACH resources, support higher layer signaling of at least the following:
a.	RACH configuration and
b.	a time-domain offset parameter (e.g. sub-frame-level or slot-level) for identifying the RACH resources
Proposal 9	The configuration of additional PRACH resources should also facilitate condensing PRACH resources in time domain near the condensed POs.
Proposal 10	Support at least the case where the SSB-RO mapping mechanism for additional PRACH resources follows the legacy SSB-RO mapping procedure, i.e., the additional PRACH resources are mapped to all the transmitted SSBs of the SSB burst.
Proposal 11	Support non-uniform PRACH resource to SSB mapping based on the following:
a.	The configuration of additional PRACH resources for Rel-19 UEs should also facilitate mapping the additional PRACH resources to a subset of SSBs.
Proposal 12	Study feasibility to support dynamic adaptation for SSB/PRACH based on a common DCI design. There should be sufficient flexibility to adapt and configure them jointly or independently.
[bookmark: _Hlk83889439] 
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Annex A (Detailed evaluation results and simulated settings for study of PRACH adaptation in spatial domain)

	Company
	A (SIB1 period)
	B1 (Cell load)
	B2 (Traffic model)
	C (SIB1 PDSCH TDRA) 
(Row index, S, L)
	D (CORESET0/SSB mux pattern) (controlResourceSetZero, searchSpaceZero)
	E1-1 (Spatial domain PRACH adaptation Case (C1 or C2))
	E1-2(Reference case of legacy/time-domain PRACH adaptation case (B1/A1-1/A1-2 or A2-1/B2))
	F (BS power model cat.)
	G1 (Num of SSB)
	NES gain of E1-1 over E1-2
	H1-1 (Energy consumption of Spatial domain PRACH adaptation Case (C1 or C2))
	H1-2(Energy consumption of reference case of legacy/time-domain PRACH adaptation case (B1/A1-1/A1-2 or A2-1/B2))
	Notes (e.g. details of SD, time-domain PRACH adaptation, etc)

	Ericsson
	40ms
	Empty
	FTP3
	(12, 1, 13)
	(4, 0)
	C1
	A1-1
	Cat 1 BS
	8
	-10%
	7.53
	6.82
	· A1-1: (legacy) 8 SSBs/RO,
· A1-2: (legacy) 8 SSBs/RO,
· C1: One additional RO per 20ms, 4SSBs/RO for additional RO; [ 2nd additional RO is dropped i.e.. Additional RO for only half of the SSBs.]
· B1: Three additional ROs per 20ms, 8 SSBs/RO,
· for A2-1: 1 RO, 8 SSBs/RO, 
· C2: One additional RO in FDM per 160ms, 4SSBs/RO for additional RO; [Additional RO for only half of the SSBs.]
· B2: Two additional ROs in FDM, 4 SSBs/RO 
· 1-symbol PDCCH for SIB1 scheduling.


	Ericsson
	40ms
	Empty
	FTP3
	(12, 1, 13)
	(4, 0)
	C1
	A1-2
	Cat 1 BS
	8
	24%
	7.53
	9.89
	

	Ericsson
	40ms
	Empty
	FTP3
	(12, 1, 13)
	(4, 0)
	C1
	B1
	Cat 1 BS
	8
	24%
	7.53
	9.89
	

	Ericsson
	40ms
	Empty
	FTP3
	(12, 1, 13)
	(4, 0)
	C2
	A2-1
	Cat 1 BS
	8
	0%
	6.59
	6.58
	

	Ericsson
	40ms
	Empty
	FTP3
	(12, 1, 13)
	(4, 0)
	C2
	B2
	Cat 1 BS
	8
	0%
	6.59
	6.60
	

	Ericsson
	160ms
	Empty
	FTP3
	(12, 1, 13)
	(4, 0)
	C2
	A2-1
	Cat 1 BS
	8
	0%
	5.49
	5.48
	

	Ericsson
	160ms
	Empty
	FTP3
	(12, 1, 13)
	(4, 0)
	C2
	B2
	Cat 1 BS
	8
	0%
	5.49
	5.50
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