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1  Introduction
In RP-234065 [1], the Release 19 work item on Enhancements of network energy savings for NR has been approved and the normative work in RAN1 starts from RAN1 #116.  
The objective agreed for common signal/channel adaptation is as follows: 
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 further details on how these common signals/channels should be adapted and the corresponding impacts to UEs. 

2  SSB adaptation	
2.1  Applicable scenarios
In RAN1 #116bis, the applicable scenarios of SSB adaptation and corresponding impacts on UEs were one of the discussion point. 
	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
· [bookmark: _Hlk164286497]Option A3: adaptation for SSB not on sync raster
· 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 



Based on the description of how cell-defining SSB and non-cell defining SSBs are used in TS 38.300, the following restrictions can be observed : 
1. A PCell is always associated to a CD-SSB located on the sync raster. 
2. For RRC_IDLE UEs, cell selection and cell reselection are always based on CD-SSBs located on the sync raster. 
3. For RRC_INACTIVE UEs, cell reselection is always based on CD-SSBs located on the sync raster. 
From network perspective, if the SSB allows IDLE/INACTIVE UE camping, but the adaptation is only supported for CONNECTED UEs, the network still cannot transmit these SSBs in a sparser way, thus has no energy saving gain. Therefore, from network energy saving perspective, there are following two directions: 
Direction 1: SSB adaptation is only supported for SSB that do not allow IDLE/INACTIVE UEs camping. 
Basically, in this direction, there will be no IDLE/INACTIVE UEs camping on these SSBs that can be adapted. No enhancements for IDLE/INACTIVE UEs are needed. CD-SSBs on the sync raster will be searched by IDLE UEs for initial cell selection, therefore, it means that the CD-SSBs on sync raster are not adapted. Although from spec perspective it is allowed to set ‘cellBarred’ as ‘barred’ for IDLE/INACTIVE UEs, this actually increases UE cell search complexity and power consumption. The same applies for all SSBs on sync raster. For cell selection, UE searches on the sync rasters and reads until decoding PBCH to realize that the SSB is barred. If NW decides to adapt those SSBs on the sync raster, this would result in much more cell search complexity for UE to find a sync raster for accessing.

Observation 1: From network perspective, if the SSB allows IDLE/INACTIVE UE camping, but the adaptation is only supported for CONNECTED UEs, the network still cannot transmit these SSBs in a sparser way, thus has no energy saving gain. 
Observation 2: Setting ‘cellBarred’ as barred for SSBs on sync raster could avoid impact to IDLE/INACTIVE UEs, but may increase UE cell search complexity and UE power consumption. 

Direction 2: Adaptation is supported for SSBs that allow IDLE/INACTIVE UEs camping, i.e. CD-SSB on sync raster. Then the impact envisioned for legacy IDLE/INACTIVE UEs and new IDLE/INACTIVE UEs  (R19 NES-capable UEs) are listed below:
· Bar legacy IDLE/INACITVE UEs on these SSBs
· Bar new IDLE/INACTIVE UEs for initial cell selection to the SSB. 
· This is to avoid impact to initial cell search so as not to increase of UE cell search complexity and power consumption. 
· Allow new IDLE/INACTIVE UEs to only perform cell reselection to the CD-SSB supporting adaptation 
· This would result in change of the IDLE UE’s cell selection and reselection criteria and procedure. 
· Indicate to the new IDLE/INACTIVE UEs of the SSB change, through SIB update or Paging. 
From the above impacts, it can be observed that the cell selection and reselection procedure will be changed for Rel-19 IDLE/INACTIVE UEs on the cell defined by the adapted SSBs. Moreover, for IDLE/INACTIVE UEs, the indication of the SSB adaptation could be based on SIB update (legacy) or Paging. The SIB update follows the SI modification period, which would be a multiple of default Paging cycle, configured as 2, 4, 8 or 16 in the BCCH-Config. It is possible that indication through Paging could provide relatively large NES gain when the modificationPeriodCoeff is set to 16, however if the value is configured as 2, the NES gain would be small compared with the spec effort and UE implementation effort. 
BCCH-Config ::=                 SEQUENCE {
    modificationPeriodCoeff         ENUMERATED {n2, n4, n8, n16},
    ...
}

Observation 3: The enhancements to support SSB adaptation for IDLE/INACTIVE UEs include at least allowing only cell reselection to the SSBs supporting the adaptation, which has impact on cell selection and reselection criteria and procedure for IDLE/INACITVE UEs.

Based on the above analysis and observation, considering the impact on UE cell selection complexity and power consumption, we have the following proposal: 
Proposal 1: Support SSB adaptation for CONNECTED UEs only, and support Option B3, adaptation for SSB not on the sync raster. 
2.2  SSB adaptation mechanisms
In RAN1 #116, there were also agreements on the potential SSB adaptation mechanisms to be further studied: 
	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



For SSB periodicity adaptation, if the adaptation is applied to IDLE/INACTIVE UEs, the introduction of new SSB burst periodicity values would largely impact UEs measurement performance including serving cell measurement, neighbor cell measurement as well as RLM and BFD, this change at a very late phase of NR design should be avoided. 
If the adaptation is applied to CONNECTED UEs, according to our proposal 1, the adaptation on NCD-SSBs or CD-SSB not on the sync raster can be considered. It is noted that the NCD-SSB is mainly used for UEs to perform serving cell measurement, neighbor cell measurement as well as RLM and BFD on the active BWP that does not contain CD-SSBs. We consider it important to maintain the measurement performance on the PCell. For the SCell, some relaxation may be considered together with the on-demand SSB operation to ensure UE’s sync and measurement performance..  
For smaller values of SSB periodicity, for the purpose of fast SCell activation, as long as the SSB burst structure is not changed, we consider it also a potential direction to be supported. 
Proposal 2: Support SSB periodicity adaptation, where the supported periodicity values are considered as follows: 
· If SSB adaptation is supported CONNECTED UE’s PCell, no new SSB periodicity values should be allowed. 
· If SSB adaptation is only supported for CONNECTED UEs and on NCD-SSBs or CD-SSBs not on sync raster on SCell, larger periodicity values may be considered. 
· Smaller values of the SSB periodicity could be considered to enable faster SCell activation with the condition that the SSB burst structure is not changed. 

There were also proposals to skip some SSB burst to result in non-uniformly transmitted SSB patterns, or to adapt the transmitted number of SSBs within a burst. On one hand, we consider the incremental NES gain of the above schemes compared with the SSB burst periodicity adaptation is marginal, on the other hand, they would also introduce large impact to UE measurement performance, which is also preferred to be avoided.
Proposal 3: Considering the impact on UE measurement assumption and performance, do not support non-uniform SSB burst skipping. 


For SSB burst periodicity adaptation, after receiving the indication, the effective time of the change should be defined. The time gap between UE receiving the indication of SSB adaptation and UE assuming the SSB periodicity change shall be above certain value (value can be FFS) to give UE sufficient preparation time to implement new RRM behavior on new SSB periodicity. Note that in current spec, SSB periodicity adaptation can be achieved by using RRC reconfiguration, which allows 10ms processing and application. The exact values can be determined after determining the scenarios.
Proposal 4: The time gap between UE receiving the indication of SSB adaptation and UE assuming the SSB periodicity change shall be above certain value to give UE sufficient preparation time to implement new RRM behavior on new SSB periodicity.
3  PRACH adaptation 
3.1  PRACH adaptation in time domain
For adaptation of PRACH in time domain, in RAN1 #116bis, the following agreements were made: 
	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

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 



In this section, we mainly discuss about the configuration of additional PRACH resources for NES-capable UEs including whether there will be overlapping between the additional PRACH resource and legacy resources and then about the adaptation on the additional resources.
 Configuration of additional PRACH resources
There were discussions on whether PRACH resources for legacy UEs and NES-capable UEs could overlap in time and frequency domain. In our understanding, if the time domain PRACH resources for legacy UEs and NES capable UEs are partially overlapping, considering the SSB to RO mapping, it might result in different SSB indexes mapped to the same RO or FDMed ROs, as illustrated in the following figure. 
[image: ]
Fig. 1 Example of different SSB indexes mapped to the same RO
On the other hand, if the time domain PRACH resources of legacy UEs and NES-capable UEs do not overlap, there are no above issues.
[image: ]
Fig. 2 Different time domain PRACH resources is configured to NES-capable UE
Therefore we have the following proposal: 
Proposal 5: Support non-overlapping PRACH resources in time domain for NES capable UEs and legacy UEs to avoid mapping different SSB indexes to the same RO or FDMed ROs. 

To configure the additional PRACH resources to NES-capable UEs, there are several options that can be considered, for example, 
Option 1: A separate PRACH configuration index is configured to the NES-capable UEs, with different PRACH configuration periodicity and/or different time domain subframe/slot allocaiton
Option 2: The same PRACH configuration index as legacy UEs, but the PRACH configuration periodicity can be scaled and/or the subframe/slot allocation could be adjusted by configuring a timing offset (similar to PRACH configuration for IAB). 
For Option 1, it may or may not result in non-overlapping PRACH resources in time domain. For example, PRACH configuration index #0 and #1 are partially overlapping, while index #0 and index #3 are not overlapping. This may limit the PRACH resources that can be configured for the NES-capable UEs, but the PRACH resources are all legacy PRACH resources, which do not require extra UE implementation.
For Option 2, the PRACH configuration periodicity can be adjusted by scaling the periodicity and an offset could be provided to shift the PRACH resource for NES-capable UEs to result in non-overlapping PRACH resources. However, this will result in new PRACH resources than those configured in the legacy PRACH configuration table, but provide more flexibility for the configuration. 
Proposal 6: To configure non-overlapping PRACH resource in time domain, consider configuration based on scaling PRACH configuration period for legacy UE and additional timing offset.

 Adaptation on the additional PRACH resources 
The motivation of configuring additional PRACH resources for NES-capable UEs is to configure legacy UEs with sparser PRACH resources and configure NES-capable UEs with denser PRACH resources, so that when the network needs to achieve higher energy saving gain, can adapt the PRACH resources for the NES-capable UEs only. Adaptation on the configured dense PRACH resources should result in effectively concentrated ROs for the new UE, as shown in Fig. 3. It can be observed that that after adaptation on the additional PRACH resources, the access latency for the new UEs are still the same as legacy UEs, but there are more muted ROs for NW to sleep. 
[image: ]
Fig. 3 Illustration of concentrated PRACH resources after adaptation
Proposal 7: Adaptation on the configured dense PRACH resources should result in effectively concentrated ROs for the new UE. 
For the adaptation of the additional PRACH resources, there were several options listed in RAN1 #116, including :
· 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

According to our understanding, PRACH resource periodicity adaptation and PRACH configuration period level adaptation are adapting the configuration periodicity of the PRACH resource. This level of adaptation can be already achieved through configuration of the additional PRACH resource for NES-capable UEs, which does not need to be adapted after configuration. Otherwise, once the PRACH resource periodicity is adapted, the UE needs to perform another round of SSB-to-RO mapping which would be causing many implementation complexities for the UE. 
Proposal 8: To avoid additional SSB-to-RO mapping, no adaptation to PRACH resource periodicity (i.e.PRACH configuration period) on the additional PRACH resources after configuration. 

Then in order to avoid the SSB-to-RO mapping, the adaptation of PRACH resources can be considered in the following three levels:  
· Level 1: SSB-to-RO mapping cycle level adaptation. The SSB-to-RO mapping cycle is the smallest unit for adaptation without impacting UE SSB-to-RO mapping. For example, some of the SSB-to-RO mapping cycles within a PRACH association period or the PRACH association pattern period can be muted. However, the number of SSB-to-RO mapping cycles within an association period is quite flexible due to the flexibility of PRACH resource configurations, valid ROs and number of SSB as well as number of SSB per RO configurations, which may bring some difficulty and extra signaling overhead in indicating which one is to be muted. 
· Level 2: PRACH association period level adaptation. One or multiple of PRACH association period within an association pattern period can be muted so that gNB could sleep for those association period. Note that the number of association periods within an association pattern period is upper bounded by 16 (where the maximum value of an association pattern period is 160ms and the smallest value of and association period is 10ms), this could be considered as the maximum value when indicating the muting pattern. 
· Level 3: PRACH association pattern period level adaptation. For this level of adaptation, the PRACH association pattern period can be effectively extended by muting some of the pattern periods entirely or by scaling the association pattern period. This level of adaptation enables longer time for gNB sleeping but leads to a larger random access latency.
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Fig.4 Illustration of SSB-to-RO mapping cycle, PRACH association period and association pattern period
According to RAN1 #116 agreement, the adaptation is performed for the additional PRACH resources configured for the NES-capable UEs. However, we think the following options can be both considered:
Option 1: NES-capable UEs are indicated of adaptation on the additional PRACH resources only, it is up to UE to select the additional PRACH resource or legacy PRACH resources. 
Option 2: NES-capable UEs are indicated to switch between the additional PRACH resources and PRACH resources for legacy UEs
For Option 1, the above three levels of adaptation can be both considered, but considering the indication complexity and overhead, it is preferred to consider association period level or association pattern period level adaptation. 
For Option 2, to avoid missing certain SSB-to-RO mapping opportunities, the switching is applied at the boundary of an SSB-to-RO mapping cycle or association period or association pattern period. 
Proposal 9: For PRACH adaptations, consider the following options: 
· Option 1: NES-capable UEs are indicated of adaptation on the additional PRACH resources only, it is up to UE to select the additional PRACH resource or legacy PRACH resources. 
· At least association period or association pattern period level adaptation should be considered
· Option 2: NES-capable UEs are indicated to switch between the additional PRACH resources and PRACH resources for legacy UEs, where switching can be based on SSB-to-RO mapping cycle, PRACH association period or PRACH association pattern period

3.2  PRACH adaptation in spatial domain  
Due to non-uniform angular distribution of the UEs in the served geographical area, the probability of different beams are being selected can be different. For the PRACH resources, it means that for the ROs associated with the SSB that directs to a crowded angle, more UEs will be sending PRACH preambles on those ROs, for the ROs associated with SSBs that directs to a less crowded angle, fewer UEs will be sending PRACH. In current spec, the number of ROs and preamble that are associated with one SSB is uniformly distributed, which may not be well suited for situation.  
Uneven RACH resource allocations can help to alleviate gNB detection complexity by reducing  the number of hypothesis tests which can result in network energy saving. Particularly for CBRA preambles as it requires consistent detection trials for CBRA preambles at every RO.
There are also several levels of adaptation can be considered to support PRACH adaptation in spatial domain
· Option 1: Adapt the number of SSBs that NW actually monitors corresponding RO, where the NW stops monitoring on ROs that are associated to SSBs that have fewer UEs. For example in Fig. 5, NW could completely stop monitoring ROs associated with SSB #2. 
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Fig.5 Adapt number of SSBs that NW actually monitors corresponding RO
· Option 2: Adapt the number of ROs per SSB, where the NW can configure uneven number of ROs associated with each SSB. For example in Fig. 6. the number of ROs associated with SSB #2 is reduced, so that NW could stop monitoring on some ROs for some SSBs. 
[image: ]
Fig.6 Adapt the number of ROs per SSB
· [bookmark: _GoBack]Option 3: Adapt the number of preambles per RO per SSB, where the NW can configure uneven  number of preamble associated with each SSB. For example in Fig. 7, the number of preambles on each RO associated with SSB #2 is reduced, so that the NW hypothesis on this ROs could be reduced to save gNB computation complexity.
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Fig.7 Adapt the number of preambles per RO per SSB
Proposal 10: PRACH adaptation in spatial domain can be supported via the following options: 
· Option 1: Adapt the number of SSBs that NW actually monitors corresponding RO 
· Option 2: Adapt uneven number of ROs per SSB
· Option 3: Adapt uneven number of preambles per RO per SSB
4  Paging adaptation 
In RAN1 #116, the general agreement on study the paging adaptation was made. In this part, we provide our consideration on the potential schemes to provide more compact Paging occasions/frames.
	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 legacy NR design, paging configuration is configured in PCCH-Config in SIB1.
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},
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 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
UE_ID: 5G-S-TMSI mod 4096, if the UE operates in eDRX;  else: 5G-S-TMSI mod 1024
Take the following parameters as an example, T = 128 frames default paging cycle, N=T/16, PF_offset = 0, then there are only 8 paging frames per 1280ms, and these 8 paging frames are uniformly distributed within the paging cycle due to the operation of (T div N). The UEs are then sequentially distributed to the PFs according to the UE_ID due to the operation of (UE_ID mod N).
[image: ]
Fig.8 Legacy PF and UE distribution in a paging cycle
For Rel-19 NES enhancement, the intention is to group the paging resources in a compact manner, so that network may have more time to sleep within a paging cycle. We propose the following options for further staggering paging resources. 
· Option 1: Enable configuring only one PF within the paging cycle
Since the multiple paging frames are evenly distributed in the paging cycle, the simplest way is to configure only one PF within the paging cycle, i.e. enable N = 1. 
This requires change to the RRC configuration to allow more values configured for nAndPagingFrameOffset, that is at least extend from T/16 to T/32, T/64, T/128, T/256. Then for Paging cycle T=1280ms, N=T/128, we will have only one PF within the cycle. Consequently, to accommodate for the number of UEs to be paged within one paging frame, the number of subframes for paging occasions also need to be increased, i.e. value range of Ns also needs to be increased. 
[image: ]
Fig.9 Enable configuring only one PF for every paging cycle
With this option, the length of the paging frame would be longer with more monitoring occasions, and possibly larger paging group. 
· Option 2: Stagger uniformly distributed PFs in one paging cycle into consecutive PFs
Another option is to stagger the uniformly distributed PFs into consecutive PFs. Since the uniform distribution of PF is due to the (T div N) operation PF calculation equation, we could concentrate PFs within one paging cycle by changing the equation to (SFN + PF_offset) mod T = UE_ID mod N, while the PO calculation equation remains unchanged. 
[image: ]
Fig.10 Staggering distributed PRs into consecutive PFs
Note that, for Option 1 and Option 2, either the RRC configuration parameter or the PF equation is changed, and thus they actually changed the paging resource from network perspective. Legacy UEs can not recognize these resource, therefore, separate resources needs to be configured for legacy UEs and new UEs. 
· Option 3: Map UEs to concentrated PF/POs to enable gNB sleeping in PFs without UE mapping 
In legacy PF mapping formula, the UEs are sequentially mapped to PFs according to their UE_ID, according to the operation (UE_ID mod N). To allow more time for gNB sleeping, if the UEs could be mapped to only a subset of concentrated PFs, e.g. the first several PFs, it would allow gNB to sleep for the rest PFs. 
Rel-19 NES UEs could be configured with a group_ID to replace UE_ID when determining the PF and PO. Therefore, the UEs that are configured with the same group_ID will be confined within the same PF. By setting group_ID, NW could ensure that all these UEs are mapped to particular PFs instead of spreading out all over the paging cycle. 
[image: ]
Fig.11 Mapping UEs to concentrated PF/POs
By using Option 3, even when legacy UEs and Rel-19 NES-capable UEs share the same paging resource, it also provides gNB opportunity to sleep if gNB finds there are no legacy UEs to page on those PFs that there are fewer UEs mapped.  
Proposal 11: Consider the following options for Paging adaptation 
· Option 1: Enable configuring only one PF within the paging cycle
· Option 2: Stagger uniformly distributed PFs in one paging cycle into consecutive PFs
· Option 3: Map UEs to concentrated PF/POs  

Note that in Rel-17, PEI was introduced enable UE power saving in idle/inactive mode. With the adaptation of PFs and POs, the PEI indication may also need to be adapted as well. The impact of paging resource adaptation on PEI should also be considered.
Proposal 12: Impact of paging resource adaptation on PEI should also be considered. 
5  Conclusion
In this contribution, we discussed on the signaling and adaptation mechanisms for common SSB, PRACH and Paging for Rel-19 NES enhancements, the following proposal are made: 
SSB adaptation
Observation 1: From network perspective, if the SSB allows IDLE/INACTIVE UE camping, but the adaptation is only supported for CONNECTED UEs, the network still cannot transmit these SSBs in a sparser way, thus has no energy saving gain. 
Observation 2: Setting ‘cellBarred’ as barred for SSBs on sync raster could avoid impact to IDLE/INACTIVE UEs, but may increase UE cell search complexity and UE power consumption. 
Observation 3: The enhancements to support SSB adaptation for IDLE/INACTIVE UEs include at least allowing only cell reselection to the SSBs supporting the adaptation, which has impact on cell selection and reselection criteria and procedure for IDLE/INACITVE UEs.

Proposal 1: Support SSB adaptation for CONNECTED UEs only, and support Option B3, adaptation for SSB not on the sync raster. 
Proposal 2: Support SSB periodicity adaptation, where the supported periodicity values are considered as follows: 
· If SSB adaptation is supported CONNECTED UE’s PCell, no new SSB periodicity values should be allowed. 
· If SSB adaptation is only supported for CONNECTED UEs and on NCD-SSBs or CD-SSBs not on sync raster on SCell, larger periodicity values may be considered. 
· Smaller values of the SSB periodicity could be considered to enable faster SCell activation with the condition that the SSB burst structure is not changed. 
Proposal 3: Considering the impact on UE measurement assumption and performance, do not support non-uniform SSB burst skipping. 
Proposal 4: The time gap between UE receiving the indication of SSB adaptation and UE assuming the SSB periodicity change shall be above certain value to give UE sufficient preparation time to implement new RRM behavior on new SSB periodicity.


PRACH adaptation
Proposal 5: Support non-overlapping PRACH resources in time domain for NES capable UEs and legacy UEs to avoid mapping different SSB indexes to the same RO or FDMed ROs. 
Proposal 6: To configure non-overlapping PRACH resource in time domain, consider configuration based on scaling PRACH configuration period for legacy UE and additional timing offset.
Proposal 7: Adaptation on the configured dense PRACH resources should result in effectively concentrated ROs for the new UE. 
Proposal 8: To avoid additional SSB-to-RO mapping, no adaptation to PRACH resource periodicity (i.e.PRACH configuration period) on the additional PRACH resources after configuration. 
Proposal 9: For PRACH adaptations, consider the following options: 
· Option 1: NES-capable UEs are indicated of adaptation on the additional PRACH resources only, it is up to UE to select the additional PRACH resource or legacy PRACH resources. 
· At least association period or association pattern period level adaptation should be considered
· Option 2: NES-capable UEs are indicated to switch between the additional PRACH resources and PRACH resources for legacy UEs, where switching can be based on SSB-to-RO mapping cycle, PRACH association period or PRACH association pattern period
Proposal 10: PRACH adaptation in spatial domain can be supported via the following options: 
· Option 1: Adapt the number of SSBs that NW actually monitors corresponding RO 
· Option 2: Adapt uneven number of ROs per SSB
· Option 3: Adapt uneven number of preambles per RO per SSB

Paging adaptation
Proposal 11: Consider the following options for Paging adaptation 
· Option 1: Enable configuring only one PF within the paging cycle
· Option 2: Stagger uniformly distributed PFs in one paging cycle into consecutive PFs
· Option 3: Map UEs to concentrated PF/POs  
Proposal 12: Impact of paging resource adaptation on PEI should also be considered. 
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