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1. Introduction
In RAN#102, the WID for Rel.19 Network energy saving has been approved [1].  According to the WID, one of the objectives is to specify adaptation of common signal/channel transmissions, where the common signal/channel includes SSB, PRACH and paging occasions.
	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 further discussions on common signal/channel adaptation, focusing on SSB adaptation and PRACH adaptation in time domain. 
2. Discussion
2.1. [bookmark: _Ref228947482]Handling negative impact to legacy UEs
In the WID [1], it is emphasized that negative impact on legacy UEs should be avoided unless there are significant benefits. Adaptation on SSB and PRACH may hinder legacy UEs from accessing the network. Adaptation on paging occasions may result in legacy UEs missing their paging message. Therefore, how to avoid negative impact on legacy UEs should be discussed first. In the context of handling impact on legacy UEs, the scenario that a cell with both legacy UEs and Rel.19 NES capable UEs should be considered. The discussion can be based on two cases, the single-carrier case and the multi-carrier case. It is worth noting that for this discussion, the terms  “single-carrier” and “multi-carrier” are defined from the network’s perspective.
· Single-carrier case
In this case, to enable common channel/signal adaptation without negative impact on legacy UEs, two sets of configurations for common channel/signal can be considered. One set of legacy configurations that is detectable/accessible for legacy UEs, and one set of additional configurations that can be flexibly adapted. Rel.19 NES capable UEs can use the common channel/signal configured by both legacy configurations and additional configurations. In this case, the achievable NES gain is constrained by the legacy configurations, considering that the configurations that legacy UEs can support are restricted, such as PRACH periodicity less than 160 ms. In addition, it cannot be applied for SSB adaptation. We will give a detailed discussion on this in section 2.2.1.
· Multi-carrier case
For this case, a cell that fully or partially overlaps with the NES cell to guarantee the coverage for legacy UEs can be considered. For example, the small cell deployment scenario shown in Figure 1 and the multi-layer spectrum deployment scenario shown in Figure 2. The macro cell / the cell that operates in low band serves the legacy UE while the small cell or the cell operating in high-band applies common signal / channel adaptation for achieving energy saving gain. The legacy UEs are refrained from accessing the small cell or the cell operating on high-band, for instance, by cell barring. Compared with the signal-carrier case, this case can obtain a higher NES gain. However, this requires the existence of an overlaid cell to support legacy UEs. Consequently, the applicable deployment scenarios are limited.
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Figure 1. Small cell deployment scenario
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Figure 2. Multi-layer spectrum deployment scenario




Proposal 1. For cell with both legacy UEs and Rel.19 NES capable UEs, consider the following two cases and corresponding approaches for handling legacy UE impact.
· Single-carrier case: one set of legacy common channel/signal configurations for legacy UEs and an additional set of common channel/signal configurations that can be flexibly adapted.
· Multi-carrier case: a NES cell which only serves Rel.19 NES-capable UEs and an overlaid cell that serves legacy UEs. 

2.2. Adaptation of SSB in time domain
1. 
2. 
2.1. 
2.2. 
2.2.1. Applicable scenarios
Regarding applicable scenarios of SSB adaptation, the following agreements were achieved in RAN1#116 and RAN1#116b meetings. 
	Agreement@RAN1#116
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)


Agreement@RAN1#116b
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
· 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 



As discussed in section 2.1, for the cell with both legacy UEs and Rel.19 NES capable UEs, single-carrier case and multi-carrier case can be considered. 
In the single-carrier case, as mentioned in section 2.1, two common channel/signal configurations, one legacy configuration for legacy UEs and one additional configuration for NES-capable UEs, are considered. However, in the case of SSB adaptation, the motivation to configure additional SSB configuration is unclear. To avoid negative impact on initial access of legacy UEs, the legacy SSB configuration can only be configured with a period less than or equal to 20 ms. It is worth noting that in the current specification, UE’s assumption about SSB periodicity is 20 ms for initial cell search. In this case, it cannot bring any energy saving gain. Moreover, it is not necessary to have an additional SSB configuration given that the legacy SSBs are sufficient for the required measurements performed by both legacy UEs and NES-capable UEs.
Observation 1. For the cell with both legacy UEs and Rel.19 NES capable UEs with single-carrier case, NES gain cannot be obtained without having negative impact on initial access of legacy UEs.

For the multi-carrier case, it was agreed that at least SSB adaptation in the time domain can be applied to either PCell with Rel.19 NES capable UE in RRC_CONNECTED UEs or SCell. The applicability to Rel.19 NES capable UE in RRC_IDLE/RRC_INACTIVE mode depends on whether such a UE can support a SSB periodicity exceeding 20 ms for initial cell selection. Regarding this matter, our view is that values larger than 20 ms for the default SSB periodicity, 40ms for instance, can be considered to unblock further network energy saving gain.
Proposal 2. For adopting SSB adaptation in time domain in the cell with both legacy UEs and Rel.19 NES capable UEs, prioritize the multi-carrier case.
· The applicability for PCell with Rel-19 NES-capable UEs in idle/inactive mode is supported.

Another scenario to consider is a cell with only Rel.19 NES capable UEs, representing a greenfield deployment. While this scenario was discussed during the last RAN1 meeting, no consensus was reached due to time limit. Similar to the multi-carrier case discussed previously, the applicability of SSB adaptation in the time domain to PCells with Rel-19 NES-capable UEs in all RRC modes, as well as SCells, can be supported in this scenario.
Proposal 3. Support SSB adaptation in time domain for the cell with only Rel.19 NES capable UEs.
· PCell with Rel.19 NES capable UEs in RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE modes   
· FFS whether SSB adaptation is applied for CD-SSB or not

2.2.2. SSB adaptation mechanism 
In RAN1#116, an agreement was reached to list the SSB adaptation mechanisms for further study.
	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 



Among the above adaptation mechanisms, adapting SSB burst periodicity and adapting the number of SSBs within a SSB burst can achieve network energy saving with less specification impact. They should be prioritized in Rel.19 NES discussion. 
Proposal 4. For adaptation of SSB in time domain, support the following adaptation mechanisms.
· Adapting SSB periodicity.
· Adapting the number of SSBs within a burst
The SSB periodicities supported by the current specification are 5 ms, 10 ms, 20 ms, 40 ms, 80 ms and 160 ms. For the SSB adaptation mechanisms, one FFS point is whether to support new SSB burst periodicities values. In the case that NES cell is used as SCell, higher network energy saving gain is expected if a SSB periodicity exceeding 160 ms, e.g., 1280 ms, is supported. In Rel-16, relaxed RRM measurement with a longer evaluation period is supported to reduce UE power consumption for low mobility UEs and cell center UEs. In such situations, supporting a longer SSB periodicity can be considered.   
Proposal 5.  For adapting SSB burst periodicity in a SCell, new SSB burst periodicity value(s) larger than 160 ms can be considered.  
Another FFS point is whether to support new SSB burst(s), including compact SSB pattern and adapting the position of SSBs within a SSB burst. In our view, they require a lot of standardization efforts. For the compact SSB pattern, how to determine the time domain location of SSBs needs to be discussed. Adapting the position of SSBs within a SSB burst will impact the SSB-to-RO mapping and QCL configuration as the association between SSB index and SSB beams is changed. A lot of time would be needed to settle on the details, and it is doubtful that this can be accomplished within the limited number of Tus. Besides, the compact SSB pattern leads to increasing gNB and UE complexity as an additional mechanism of SSB transmission or reception are required.
Observation 2. Introducing new SSB pattern increases gNB and UE complexity and requires a lot of standardization efforts.
Proposal 6. For the new SSB burst(s), the tradeoff between NES gain and the spec impact as well as the increase in gNB and UE complexity should be carefully considered.

2.2.3. Indication of SSB adaptation 
Indication methods of SSB adaptation was discussed in RAN1#116 and RAN1#116b meetings and the following agreements were reached.
	[bookmark: _Hlk165560723]Agreement@RAN1#116
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

Agreement@RAN1#116b
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger 


In current specification, adapting SSB periodicity and/or the number of transmitted SSB in a SSB burst has already been supported. However, it is done in a semi-static way by system information update or RRC re-configuration, which typically take a long time, usually at second level. In some cases, it can provide more opportunities for gNB to enter deep sleep for higher energy saving gains. 
In existing NR specification, one SSB configuration is configured by SIB1 or dedicated RRC message. To enable fast SSB adaptation, the most straightforward way is to (pre-)configure multiple SSB configurations and indicate one of SSB configurations to be used by L1/L2 signaling.
[bookmark: _Hlk166257687]If the applicable scenario for SSB adaptation is limited to RRC_CONNECTED Rel.19 NES capable UE’s SCell or PCell, MAC CE-based activation/deactivation on SSB configuration can be considered. Alternatively, DCI-based group common signaling can be employed to reduce signaling overhead. The candidates for group-common DCI include a new DCI format or a legacy DCI format such as DCI format 2_9 by redefining the DCI fields to indicate the SSB adaptation. 
[bookmark: _Hlk166143670]If SSB adaptation can be applied for RRC_IDLE/RRC_INACTIVE Rel-19 NES-capable UE’s PCell, the DCI in common search space that can be monitored by RRC_IDLE/RRC_INACTIVE UEs should be considered. Candidates include a new DCI format or a legacy DCI format such as DCI format 1_0 (i.e., paging DCI) or DCI format 2_7 (i.e., PEI).
Proposal 7. To enable fast SSB adaptation, the following signaling can be considered.
· If SSB adaptation is only supported for RRC_CONNECTED Rel.19 NES capable UE’s SCell or PCell
· MAC-CE 
· Group common DCI 
· FFS: introduce a new DCI format or reuse a legacy DCI format such as DCI format 2_9
· If SSB adaptation is supported for RRC_IDLE/RRC_INACTIVE Rel-19 NES-capable UE’s PCell 
· DCI in common search space 
· FFS: introduce a new DCI format or reuse a legacy DCI format such as DCI format 1_0 or DCI format 2_7

2.3. Adaptation of PRACH in time domain
2.3.1. Applicable scenarios
For PRACH adaptation in time domain, an agreement as reached in RAN1#116 that it is applicable to UEs in all RRC modes, i.e., RRC_IDLE mode, RRC_INACTIVE mode and RRC_CONNECTED mode.
	Agreement@RAN1#116b
Support adaptation mechanisms of PRACH in time-domain for following:   
· UE in idle/inactive mode
· UE in connected mode




Regarding the applicability to which cell, e.g., cell with both legacy and NES capable UE, or cell with only NES capable UEs, it is undecided yet.
	Agreement@RAN1#116
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)



For a cell with both legacy and Rel.19 NES capable UEs, as discussed in section 2.1, one of solutions to address the impact on legacy UEs is to configure additional PRACH resources for NES-capable UEs, in addition to PRACH resources for legacy UEs. In this case, it is straightforward that the cell applying time domain PRACH adaptation should support both legacy and NES capable UEs. However, the achievable NES gain is constrained by the legacy PRACH resources. Alternatively, an overlaid cell in a multi-carrier scenario can be used to handle legacy UE impact. Specifically, the PCell that applies time domain PRACH adaptation can only serve NES capable UEs, while an overlaid cell is used as a PCell for legacy UEs. In this situation, a higher achievable NES gain can be obtained considering that more flexible adaptation can be applied. However, the applicable deployment scenarios are limited.
For a cell with only Rel-19 NES-capable UEs where greenfield deployment is considered, the situation is similar to the multi-carrier scenario discussed above. More flexible adaptation with higher NES gain is expected, but the applicability is limited by the spectrum deployment.   
Based on the above analysis, applying time-domain PRACH adaptation to a cell with both legacy and NES capable UE, as well as to a cell with only NES capable UEs, each has its own advantages and disadvantages. Therefore, both options can be considered. 
Proposal 8. Support adaptation of PRACH in time domain in the following cells
· Cell with both legacy and NES-capable UEs.
· Cell with only NES-capable UEs.

2.3.2. Configuration of additional PRACH resources and SSB-RO mapping
In RAN1#116b meeting, the following agreements were reached regarding configuration of additional PRACH resources and SSB-RO mapping for PRACH adaptation in time domain. 
	Agreement
For adaptation of PRACH in time-domain, support at least the following: 
· [bookmark: _Hlk165987571]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 the current specification, PRACH is specified to be utilized for different types of random-access procedures, such as 4-step RACH and 2-step RACH, such as contention based random access (CBRA) and contention free random access (CFRA). When configuring additional PRACH resources in addition to legacy PRACH resources, one aspect that needs to be considered is whether to configure additional PRACH resources for all the types of random-access procedures. 
Proposal 9. For the additional PRACH resources that are only accessible for NES capable UEs, discuss the following aspects:
· Whether to configure additional PRACH resources for 4-step RACH and/or 2-step RACH
· Whether to configure additional PRACH resources for CBRA and/or CFRA

The second aspect for additional PRACH configuration is whether there is overlap between additional PRACH resources and PRACH resources for legacy UEs. In our view, both overlapping and non-overlapping are possible, as long as there is no negative impact on SSB-RO mapping for legacy PRACH resources.  
· No overlapping in the time and frequency domain between additional PRACH resources and legacy PRACH resources
The following two solutions to configure non-overlapping PRACH resources can be considered.
1. Reusing the existing PRACH configuration and non-overlapping is ensued by gNB implementation:
Specifically, gNB configures different values of time-domain parameters (i.e., prach-configurationIndex) and/or frequency-domain parameters (i.e., msg1-FrequencyStart and msg1-FDM) for legacy PRACH resources and additional PRACH resources, respectively. Taking the example shown in Figure 3 as an example, for a network operates in FR1 and FDD, the prach-ConfigurationIndex=0 of Table 6.3.3.2-2 in TS 38.211 is configured for legacy PRACH resources, and prach-ConfigurationIndex=1 is configured for additional PRACH resources. Legacy PRACH resources and additional PRACH resources have the same 160ms period, and occupy the same radio frame, but are separate in different subframes. Another example is shown in Figure 4, PRACH resource and additional PRACH resources are configured with the same prach-configurationIndex but different values of msg1-FrequencyStart.
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Figure 3. An example of PRACH configuration where legacy PRACH resources additional PRACH resources are configured with different PRACH-configurationIndex. 
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Figure 4. An example of PRACH configuration where legacy PRACH resources additional PRACH resources are configured by the same PRACH-configurationIndex but different msg1-FrequencyStart.

2. Extending the existing PRACH configuration:  
gNB introduces a timing and/or frequency offset to indicate additional PRACH resource following the existing way of IAB. For example, the configuration of legacy PRACH resources is considered as the baseline, and one or more parameters are introduced to indicate frame /subframe or frequency offset of additional PRACH resources compared to the baseline configuration. Alternatively, a periodicity scaling parameter can be introduced to extend the periodicity of PRACH resources for baseline configuration. 
Solution 1 is the simplest way with minimum spec impact, while solution 2 gives more flexibility in configuration.
· Overlapping in the time and frequency domain between additional PRACH resources and legacy PRACH resources
If additional PRACH resources overlap with additional PRACH resources, different SSB-RO mapping results for legacy UEs and Rel.19 NES capable UEs on a legacy PRACH occasion should be avoided. To address that, the following solutions can be considered.
A) Assigning different preambles for legacy UEs and Rel-19 NES-capable UEs:
According to TS 38.213 clause 8.1, a UE is provided with a number of preambles per SSB index per PRACH occasion, for instance, by ssb-perRACH-OccasionAndCB-PreamblesPerSSB. In this case, the preambles allocated for the same SSB index per PRACH occasion can be further divided into two sub-groups. One for legacy UEs and the other for Rel-19 NES-capable UEs, respectively. For example, assuming 64 preambles are available for random-access, preamble #0 ~ #31 is allocated for legacy UEs and preamble #32 ~ #63 is allocated for NES-capable UEs.
B) Enhancing the validation rule of PRACH occasions:
In the current specification, the validation rule of PRACH occasion is specified to ensure that a UE has sufficient time to select and transmit a PRACH preamble corresponding to the strongest received SSB beam. In detail, a PRACH occasion is valid if it starts after a predefined time gap from a SSB or within UL symbols if tdd-UL-DL-ConfigurationComm is provided. SSB-RO mapping is performed only on the valid PRACH occasions. 
The validation rule can be extended to address the SSB-RO mapping issue due to overlapping PRACH resources. Specifically, a PRACH occasion for the additional PRACH resource is assumed to be valid if it is not overlapping in time domain and frequency domain with legacy PRACH resources. Then SSB-RO mapping on additional PRACH resources is performed only on the PRACH occasions validated by both the legacy and the enhanced validation rules.  
Solution A has less RAN1 spec impact at the expense of reducing the number of available preambles for legacy UEs, even for the PRACH occasion(s) that does not overlap with an additional PRACH occasion. On the other hand, solution B guarantees that the number of available preambles for legacy UEs remains unchanged, with a tradeoff of RAN1 spec impact.  

Observation 3. Both overlapping and non-overlapping in time and frequency domains between additional PRACH resources and legacy PRACH resources are possible, as long as there is no negative impact on SSB-RO mapping for legacy PRACH resources.
Proposal 10. For adaptation based on additional PRACH resources for Rel.19 NES capable UEs in addition to PRACH resources for legacy UEs, 
· If overlapping between additional PRACH resources and legacy PRACH resources is not supported, the following approaches can be considered to avoid overlapping:
· Solution 1. Reusing the existing PRACH configuration and non-overlapping is ensued by gNB implementation
· Solution 2. Extending the existing PRACH configuration
· If overlapping between additional PRACH resources and legacy PRACH resources is supported, the following approaches can be considered to handle the SSB-RO mapping issue on the overlapping PRACH occasions, 
· Solution A. Assigning different preambles for legacy UEs and Rel.19 NES capable UEs
· Solution B. Enhancing the validation rule of PRACH occasions

2.3.3. Indication of PRACH adaptation 
In the current specification, PRACH adaptation by system information update has been supported for RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs. In Rel-19 NES, dynamic signaling and/or semi-static signaling rather than the existing way can be considered. For dynamic signaling, DCI in CSS that can be monitored by RRC_IDLE/RRC_INACTIVE UEs should be supported. Either a new DCI format or legacy DCI format, such as DCI format 1_0, DCI format 2_7 or DCI format 2_9, can be considered. The semi-static signaling is tailored for the case where additional PRACH resources in addition to legacy PRACH resources are configured. In this case, when configurations of additional PRACH resource are provided by SIB1, one higher layer parameter can be introduced to indicate the activation or deactivation state of the additional PRACH resource configuration. 
Proposal 11. Support both dynamic signaling and semi-static signaling to indicate PRACH adaptation.
· Dynamic signaling can be considered for both multi-carrier case and single-carrier case.
· FFS: Introduce a new DCI format or reuse legacy DCI format such as DCI format1 1_0, DCI format 2_7 or DCI format 2_9
· Semi-static signaling can be considered for single-carrier case
· FFS signaling details. 

2.4. Joint adaptation of common signal/channel adaptation 
Intuitively, adapting common signal/channel together can optimize the network energy efficiency. For instance, in the case with zero or low traffic load, sparse SSB and PRACH occasion, as well as PFs/POs can be configured. Therefore, joint adaptation of common signal/channel should be supported. In this case, enhancing the current adaptation mechanism to have lower overhead are needed. 
Proposal 12. Consider joint adaptation of common signal/channel to optimize the network energy efficiency.
· FFS: Details of associated signaling/indication/configuration

3. Conclusions
In this contribution, we discussed common signal/channel adaptation to achieve network energy saving. The following observations and proposals are provided.
Proposal 1. For cell with both legacy UEs and Rel.19 NES capable UEs, consider the following two cases and corresponding approaches for handling legacy UE impact.
· Single-carrier case: one set of legacy common channel/signal configurations for legacy UEs and an additional set of common channel/signal configurations that can be flexibly adapted.
· Multi-carrier case: a NES cell which only serves Rel.19 NES-capable UEs and an overlaid cell that serves legacy UEs. 
Observation 1. For the cell with both legacy UEs and Rel.19 NES capable UEs with single-carrier case, NES gain cannot be obtained without having negative impact on initial access of legacy UEs.
Proposal 2. For adopting SSB adaptation in time domain in the cell with both legacy UEs and Rel.19 NES capable UEs, prioritize the multi-carrier case.
· The applicability for PCell with Rel-19 NES-capable UEs in idle/inactive mode is supported.
Proposal 3. Support SSB adaptation in time domain for the cell with only Rel.19 NES capable UEs.
· PCell with Rel.19 NES capable UEs in RRC_CONNECTED, RRC_IDLE and RRC_INACTIVE modes   
· FFS whether SSB adaptation is applied for CD-SSB or not
Proposal 4. For adaptation of SSB in time domain, support the following adaptation mechanisms.
· Adapting SSB periodicity.
· Adapting the number of SSBs within a burst
Proposal 5.  For adapting SSB burst periodicity in a SCell, new SSB burst periodicity value(s) larger than 160 ms can be considered.  
Observation 2. Introducing new SSB pattern increases gNB and UE complexity and requires a lot of standardization efforts.
Proposal 6. For the new SSB burst(s), the tradeoff between NES gain and the spec impact as well as the increase in gNB and UE complexity should be carefully considered.
Proposal 7. To enable fast SSB adaptation, the following signaling can be considered.
· If SSB adaptation is only supported for RRC_CONNECTED Rel.19 NES capable UE’s SCell or PCell
· MAC-CE 
· Group common DCI 
· FFS: introduce a new DCI format or reuse a legacy DCI format such as DCI format 2_9
· If SSB adaptation is supported for RRC_IDLE/RRC_INACTIVE Rel-19 NES-capable UE’s PCell 
· DCI in common search space 
· FFS: introduce a new DCI format or reuse a legacy DCI format such as DCI format 1_0 or DCI format 2_7
Proposal 8. Support adaptation of PRACH in time domain in the following cells
· Cell with both legacy and NES-capable UEs.
· Cell with only NES-capable UEs.
Proposal 9. For the additional PRACH resources that are only accessible for NES capable UEs, discuss the following aspects:
· Whether to configure additional PRACH resources for 4-step RACH and/or 2-step RACH
· Whether to configure additional PRACH resources for CBRA and/or CFRA
Observation 3. Both overlapping and non-overlapping in time and frequency domains between additional PRACH resources and legacy PRACH resources are possible, as long as there is no negative impact on SSB-RO mapping for legacy PRACH resources.
Proposal 10. For adaptation based on additional PRACH resources for Rel.19 NES capable UEs in addition to PRACH resources for legacy UEs, 
· If overlapping between additional PRACH resources and legacy PRACH resources is not supported, the following approaches can be considered to avoid overlapping:
· Solution 1. Reusing the existing PRACH configuration and non-overlapping is ensued by gNB implementation
· Solution 2. Extending the existing PRACH configuration
· If overlapping between additional PRACH resources and legacy PRACH resources is supported, the following approaches can be considered to handle the SSB-RO mapping issue on the overlapping PRACH occasions, 
· Solution A. Assigning different preambles for legacy UEs and Rel.19 NES capable UEs
· Solution B. Enhancing the validation rule of PRACH occasions
Proposal 11. Support both dynamic signaling and semi-static signaling to indicate PRACH adaptation.
· Dynamic signaling can be considered for both multi-carrier case and single-carrier case.
· FFS: Introduce a new DCI format or reuse legacy DCI format such as DCI format1 1_0, DCI format 2_7 or DCI format 2_9
· Semi-static signaling can be considered for single-carrier case
· FFS signaling details. 
Proposal 12. Consider joint adaptation of common signal/channel to optimize the network energy efficiency.
· FFS: Details of associated signaling/indication/configuration
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Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.
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