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1. [bookmark: _Ref4817]Introduction
[bookmark: OLE_LINK7]In RAN#102 meeting, a new SID on enhancements of network energy saving has been approved [1], one of the objectives is to adapt the common signal/channel transmission, which has been discussed during R18 SI and proved to be beneficial for energy saving, the related objective is as following,
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4] 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]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
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 


[bookmark: OLE_LINK21][bookmark: OLE_LINK25]In this contribution, we give our considerations on SSB adaptation in time domain, PRACH adaptation and indication method for common signal adaptation, and give our proposals.
2. Discussion on adaptation of SSB in time domain 
For SSB adaptation in time domain, the following agreement is agreed during RAN1#116-bis meeting [2].
	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 


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In this section, we discuss SSB adaptation in overall consideration and specific mechanism for adaptation.

2.1. Discussion on overall consideration of SSB adaptation
During RAN1#116-bis meeting, companies have a heated discussion with the specific scenario for SSB adaptation. Despite some progress, the issue on applicable scenario has not been fully addressed yet. Thus, we discuss this section from some general concepts first.
The first issue is whether SSB adaptation can only applicable for NCD-SSB/SSB that is not a CD-SSB while CD-SSB is always transmitted in a normal periodicity. To solve this, we perform an evaluation on NES gain for this mechanism. The settings for baseline and SSB adaptation mode are shown as below:
· Baseline: 
· Both CD-SSB and corresponding SIB1 are transmitted per 20ms
· PRACH is transmitted periodically with configuration index 5 and the frequency bandwidth is 12 RB.
· NCD-SSB is transmitted per 20 ms, NCD-SSB is FDM transmitted with CD-SSB.
· NCD-SSB adaptation mode: 
· Both CD-SSB and corresponding SIB1 are transmitted per 20ms
· PRACH is transmitted periodically with configuration index 5 and the frequency bandwidth is 12 RB.
· NCD-SSB is transmitted per 160 ms, NCD-SSB is FDM transmitted with CD-SSB.
· [bookmark: OLE_LINK26]Note that the assumption for cell load is empty load, and other parameters come from SLS parameter settings in [3]. Figure 1 and Figure 2 show an example for CD-SSB/SIB1/PRACH transmission pattern in TDD and FDD structure, respectively.
[bookmark: _Ref165901390][image: ]
Figure 1. An example for CD-SSB/SIB1/PRACH transmission pattern for baseline in TDD structure
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[bookmark: _Ref165901399]Figure 2. An example for CD-SSB/SIB1/PRACH transmission pattern for baseline in FDD structure
For NES gain on NCD-SSB adaptation, Table 1 shows the evaluation result for different BS type in [3]. It can be observed that only 0.7%~2.7% NES gain can be obtained for Cell A in various BS types and TDD/FDD structures. Since the benefit is relatively limited, we do not support SSB adaptation is only applicable for NCD-SSB/SSB that is not a CD-SSB while CD-SSB is always transmitted in normal periodicity.
Table 1. NES gain on NCD-SSB adaptation for different BS type in [3]
	BS category and structure
	Cat 1 BS, TDD
	Cat 1 BS, FDD
	Cat 2 BS, TDD
	Cat 2 BS, FDD

	NES gain (%)
	0.7%
	1.6%
	0.7%
	2.7%


Observation 1: For SSB adaptation that is only applicable for NCD-SSB while CD-SSB is always transmitted in normal periodicity, 0.7%~2.7% NES gain can be obtained in various BS types and TDD/FDD structures. 
· Note that the assumption for cell load is empty load.
Proposal 1: Do not support SSB adaptation that is only applicable for NCD-SSB/SSB that is not a CD-SSB while a CD-SSB is always transmitted in normal periodicity.
Another issue worth noticing is the impact on UEs (including legacy UE and R19 UE) while SSB adaptation, especially the impact for cell search procedure, which is the basic function in current NR network. 
In current cell search procedure, SSB is used for of basic functions such as T/F synchronization, AGC, beam selection and system information acquisition. A UE may need to receive at least 2-3 SSB bursts to accomplish the above functions. Simultaneously, according to TS 38.213, the UE may assume that SSB burst is transmitted per 20ms for initial cell selection. Therefore, when SSB is transmitted in a large periodicity (e.g. 160ms) and legacy UE can detect the corresponding SSB, it may cause a significant delay for cell search procedure, as is shown in Figure 3. From this perspective, legacy UE shall not access to the cell that support SSB adaptation for initial cell selection.
[image: ]
[bookmark: _Ref162120513]Figure 3. An example for initial cell search selection procedure in legacy UE
Observation 2: When SSB is transmitted in a large periodicity (e.g. 160ms) and legacy UE can detect the corresponding SSB, it may cause a significant delay for initial cell selection.
Proposal 2: Legacy UE shall not access to the cell that support SSB adaptation for initial cell selection.
Furthermore, the specific way to prevent legacy UE from accessing to the cell that support SSB adaptation needs to be discussed. The following aspects can be considered:
· Opt 1: Explicit indication. Based on the cellBarred IE in MIB, a UE can be barred from a specific cell. Thanks to NES-mode indication mechanism introduced in R18, the cell can forbid legacy UE to access by setting cellBarred to barred while allow R18 UE to access by setting cellBarredNES-r18 IE in SIB1 to notbarred. Such mechanism can be reused in R19, i.e., set cellBarred IE to barred while add an additional IE in SIB1 to indicate the allowance of access for R19 UE.
· Opt 2: Implicit indication. During cell search procedure, the UE shall detect SSB on each sync-raster and decode MIB according to the format defined in TS 38.211. Therefore, to avoid the legacy UE successfully receiving the SSB, adjusting frequency point or PBCH format (e.g. PBCH payload, DM-RS generation) for the SSB could be the potential solution.
Proposal 3: Consider the following solutions for SSB transmission on the cell that support SSB adaptation,
· Opt 1: Set cellBarred IE in MIB to barred while adding an additional IE in SIB1, allowing the R19 UE to access to the corresponding cell.
· Opt 2: Adjust frequency point or PBCH format (e.g. PBCH payload, DM-RS generation) for the SSB.
As for R19 NES-capable UE, it may perform cell search procedure based on long-period SSB transmission with some additional requirement, e.g., adding more assumption for SSB periodicity, or relaxing the total detection time during the cell search procedure.
Note that although the agreement makes a distinction on cell properties for R19 NES-capable UE, the corresponding cell can be a PCell, SCell or camped cell for another UE.
Observation 3: Additional requirement is needed if R19 NES-capable UE can perform initial cell selection on SSB-adaptable cell. E.g., adding assumption for SSB periodicity, or relaxing the total detection time for initial cell selection.
Simultaneously, apart from the usage for initial cell selection, whether the SSB-adaptable cell can be configured as a serving cell or camped cell for both R19 NES-capable UE and legacy UE is worth noticing. To be specific:
· For R19 NES-capable UE, the SSB-adaptable cell can be configured as a serving cell (include non-CA case, PCell and SCell) or camped cell (e.g. via cell reselection/selection).
· For legacy UE, since the SSB cannot be used for system information acquisition, the SSB-adaptable cell can only be configured as a SCell.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 4: The SSB-adaptable cell can be configured as:
· A serving cell (include non-CA case, PCell and SCell) or camped cell for R19 NES-capable UE.
· A SCell for legacy UE.
Based on the discussion for above issues, we suggest RAN1 discussion to focus on the following scenarios:
· Scenario 1: SSB adaptation for a cell with the consideration that always-on CD-SSB (for R19 NES-capable UE) can be transmitted in large periodicity (e.g. 160ms)
· Legacy UE shall not access to the corresponding cell for initial cell selection
· FFS: the method to prevent legacy UE from access to the SSB-adaptable cell
· Note that the corresponding cell can be configured as a SCell for legacy UE
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]The corresponding cell can be configured as a serving cell or camped cell for R19 NES-capable UE
· FFS: whether R19 NES-capable UE can use the corresponding cell for initial cell selection
· FFS: whether SSB adaptation is on CD-SSB, SSB that is not CD-SSB or NCD-SSB
· Scenario 2: SSB adaptation for a cell that only have NCD-SSB/SSB that is not a CD-SSB (i.e. the cell can only be a SCell for both R19 NES-capable UE and legacy UE)
Proposal 5: RAN1 to further discuss the scenario for SSB adaptation with the following options:
· Option 1: SSB adaptation for a cell with the consideration that always-on CD-SSB (for R19 NES-capable UE) can be transmitted in large periodicity (e.g. 160ms)
· Legacy UE shall not access to the corresponding cell for initial cell selection
· FFS: the method to prevent legacy UE from access to the SSB-adaptable cell
· Note that the corresponding cell can be configured as a SCell for legacy UE
· The corresponding cell can be configured as a serving cell or camped cell for R19 NES-capable UE
· FFS: whether R19 NES-capable UE can use the corresponding cell for initial cell selection
· FFS: whether SSB adaptation is on CD-SSB, SSB that is not CD-SSB or NCD-SSB
· Option 2: SSB adaptation for a cell that only have NCD-SSB/SSB that is not a CD-SSB (i.e. the cell can only be a SCell for both R19 NES-capable UE and legacy UE)

2.2. Discussion on specific mechanism for SSB adaptation
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this section, we discuss the specific mechanism for SSB adaptation.
The first issue is that whether a SSB-burst level or SSB-beam level adaptation is introduced for SSB adaptation. Based on the BS power consumption model defined in TR 38.864 [3], adapt SSB transmission in SSB-burst level can not only decrease the dynamic power consumption, but also enlarge the probability that gNB enter a deeper sleep mode, so that result in a significant NES gain. On the other hand, adapt SSB transmission in SSB-beam level can only save some dynamic power for specific SSB-beam transmission, which is relatively limited. Therefore, SSB adaptation in Rel-19 shall be a SSB-burst level adaptation.
As for the potential schemes (i.e. change SSB periodicity, enable/disable a SSB configuration or Cell DTX-wise cycle for SSB), from SSB transmission perspective, the effect they achieve is consistent. Thus, we are open for all of them.
Proposal 6: For specific mechanism on SSB adaptation, support the following options,
· Opt 1: Adaptation of SSB burst periodicity
· Opt 2: Adaptation based on two SSB configurations where up to two configurations can be active
· Opt 3: Introduce a Cell DTX-wise pattern for SSB
One more thing worth noting is the specific mechanism for SSB adaptation in SCell scenario. For SCell, since it can be activated/deactivated when needed, the SSB adaptation scheme should be considered together with these procedures. Meanwhile, the current discussion in AI 9.5.1 is focus on SSB transmission enhancement in SCell scenario. Therefore, we suggest to discuss the corresponding mechanism under AI 9.5.1.
Proposal 7: For SSB adaptation on SCell, support to discuss the specific mechanism under AI 9.5.1.

3. Discussion on adaption of PRACH
For PRACH adaptation, the following agreements are agreed during RAN1#116-bis meeting [2].
	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 

Agreement
Support adaptation mechanisms of PRACH in time-domain for following:   
· UE in idle/inactive mode
· UE in connected mode

Agreement
For adaptation of PRACH in spatial domain, 
· Study possibility of scenarios with non-uniform distribution of UEs in different beams 
· Note 6: Companies are encouraged to provide details on how they map UEs to different beams
· Study network energy savings gain achieved by non-uniform PRACH resource allocation across SSBs for scenarios with non-uniform distribution of UEs in different beams (if any), 
· Assume the following framework for network energy evaluation in FR1 and companies to report at least the below settings used in the evaluation/simulation
· 20ms SSB period
· 30kHz SCS, DDDSU TDD pattern
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E1: PRACH configurations 
· (legacy) PRACH resources according to the following PRACH configuration for all transmitted SSBs
· Case A1-1: PRACH configuration #5 (20ms) 
· Case A1-2: PRACH configuration #17 (10ms) 
· Case A2-1: PRACH configuration #0 (160ms) 
· (time-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration for all transmitted SSBs
· Case B1: PRACH configuration #17 (10ms) 
· Case B2: PRACH configuration #0 (160ms)
· Companies to report details of assumed time domain adaptation mechanism 
· (spatial-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration 
· Case C1: PRACH configuration #17 (10ms) 
· Case C2: PRACH configuration #0 (160ms)
· Companies to report details of assumed spatial domain adaptation mechanism, including details of non-uniform PRACH resource allocation across SSBs
· Setting F: Cat 1/Cat 2 BS as defined in TR38.864
· Setting G1: Number of SSB beams: 4,8 SSBs in a SSB burst with SSB pattern case C
· Note 1: Baseline to compare is Case C1 vs Case B1/A1-1/A1-2, Case C2 vs Case B2/A2-1
· Note 2: It is up to company to report the SSB-RO mapping ratio and FDMed RO number, etc
· Note 3: Other PRACH configuration index with different PRACH format other than format 0 is not precluded
· Note 4: Other SSB/SIB1/RACH periodicity/PRACH resource/configuration assumptions are not precluded (up to companies to report)
· Other frameworks for network energy evaluation are not precluded, e.g. including for FR2


In this section, we discuss PRACH adaptation in both time domain and spatial domain.

3.1. Discussion on PRACH adaptation in time domain
In RAN1#116-bis meeting, it is agreed that PRACH adaptation can support UE in all RRC types. At the same time. the SSB-to-RO mapping should be separately performed for always-on RO and additional RO so that the spatial information for always-on RO will not be impacted by PRACH adaptation. Therefore, regarding the specific scheme for PRACH adaptation, the following alternatives can be further considered:
· [bookmark: OLE_LINK8][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption. Regarding the PRACH resource that overlaps between two prach-ConfigurationIndex, the spatial information shall follow the always-on PRACH configuration.
· [bookmark: OLE_LINK17]Opt 2: Adaptation between two prach-ConfigurationIndex. The PRACH configuration changes between two prach-ConfigurationIndex. The spatial information for PRACH resource that overlaps between two prach-ConfigurationIndex shall also follow the always-on PRACH configuration. 
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH. It is up to gNB implementation to ensure that the active period includes all valid PRACH resource for the always-on PRACH configuration.
Proposal 8: Support the following schemes for PRACH adaptation in time domain,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption.
· Opt 2: Adaption between two prach-ConfigurationIndex.
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH

3.2. Discussion on PRACH adaptation in spatial domain
In RAN1#116-bis meeting, the evaluation parameters for PRACH adaptation in spatial domain are discussed and agreed. In this section, we provide the evaluation result for this mechanism. Note that the basic parameters for the evaluation result come from the agreement while other parameters come from the SLS parameter settings in [3]. Figure 4 and Figure 5 show an example for common signal transmission in TDD and FDD structure, respectively.
[bookmark: _Ref165914340][bookmark: _GoBack][image: ]
Figure 4. An example for common signal transmission pattern in TDD structure
[image: ]
[bookmark: _Ref165914346]Figure 5. An example for common signal transmission pattern in FDD structure
The settings for baseline and PRACH adaptation in time domain and PRACH adaptation in both time and spatial domain are shown below:
· Baseline: 
· Both SSB and corresponding SIB1 are transmitted per 20ms
· PRACH is transmitted periodically with configuration index 17 and the frequency bandwidth is 12 RB.
· PRACH adaptation in time domain: 
· Both SSB and corresponding SIB1 are transmitted per 20ms
· The PRACH configuration index can dynamically change between PRACH configuration index 0 and PRACH configuration index 17, the frequency bandwidth for PRACH is 12 RB.
· PRACH adaptation in both time and frequency domain
· Both SSB and corresponding SIB1 are transmitted per 20ms
· The PRACH configuration index can dynamically change between PRACH configuration index 0 and PRACH configuration index 17, the frequency bandwidth for PRACH is 12 RB.
· When PRACH configuration index 17 is used, the available PRACH resource is the PRACH resource associate with {1, 2, 4} SSB beam for TDD structure, and {1, 2} SSB beam for FDD structure, and the additional PRACH resource is uniformly mapped to each SSB beam.
· Note that the assumption for cell load is empty load.
[bookmark: _Ref165926368][image: ]
Figure 6. Evaluation results for NES gain on PRACH adaptation in time domain and PRACH adaptation in both time domain and spatial domain for different BS type in [3]
For NES gain on PRACH adaptation in time domain and PRACH adaptation in both time domain and spatial domain, Figure 6 shows the evaluation result for different BS type in [3]. It can be observed that:
· 1.0%~8.8% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 1 BS, TDD structure under 50%~90% ratio for configuration index 0. 
· 1.4%~7.0% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 1 BS, FDD structure under 50%~90% ratio for configuration index 0. 
· 0%~0.2% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 2 BS, TDD structure under 50%~90% ratio for configuration index 0.  
· 0%~0.3% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 2 BS, FDD structure under 50%~90% ratio for configuration index 0. 
· Note that the ratio for configuration index 0 means the probability of using configuration index 0 during the evaluation. The ratio for configuration index 0 is 90% means that the ratio for configuration index 17 is 10%.
The main reason for difference on NES gain between two category BS is that Cat 1 BS has a shorter transition time for deeper sleep mode, so that PRACH adaptation on spatial domain can reduce the static power for the BS and thus enlarges the extra NES gain.
Observation 4: For NES gain on PRACH adaptation in spatial domain:
· 1.0%~8.8% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 1 BS, TDD structure under 50%~90% ratio for configuration index 0. 
· 1.4%~7.0% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 1 BS, FDD structure under 50%~90% ratio for configuration index 0. 
· 0%~0.2% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 2 BS, TDD structure under 50%~90% ratio for configuration index 0.  
· 0%~0.3% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 2 BS, FDD structure under 50%~90% ratio for configuration index 0. 
· Note that the assumption for cell load is empty load.

4. Indication method for common signal adaptation
For indication method, the following agreement is agreed during RAN1#116-bis meeting [2].
	Agreement
For indication of adaptation of SSB in time-domain, 
-	Support at least SSB adaptation provided by gNB without UE trigger


In this section, we discuss indication method for common signal adaptation.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Firstly, during the previous discussion on SSB adaptation and PRACH adaptation, companies reach a consensus that the adaptation should be triggered by gNB instead of UE. From this point of view, instead of designing separate indication signaling for each common signal, it is recommended to have a unified design, which can obviously reduce the overhead for indication signaling.
[bookmark: OLE_LINK24]Proposal 9: For SSB and PRACH adaptation, support to have a unified design for indication signaling.
Furthermore, the specific signaling for adaptation indication is also worth considering. Currently, the configuration of common signal can be adapted through the following options:
· Opt 1: SI change via the notification of paging DCI. The UE monitors paging DCI in every modification period (for CONNECTED UE, it monitors paging DCI at least once per modification period, and can monitor on any PO) to determine if SIB1 has changed. Once the UE detects there is a change in SIB1, it further receives SIB1 and considers it as valid after the current modification period. 
· Opt 2: RRC-reconfiguration. This method is only applicable for CONNECTED UE, and is sent in a per-UE manner. Meanwhile, as defined in TS 38.331, the application delay is about 10ms.
In brief summary, current options have a relatively large overhead and a significant delay. To solve this, the indication via a cell-common DCI could be considered, which can decrease both the signaling overhead and the latency, and cover UEs in all RRC states.
Proposal 10: For SSB and PRACH adaptation, support using a cell-common DCI for adaptation indication.

5. Conclusion 
In this contribution, we discussed the adaption of common signal/channels, include SSB adaptation in time domain, PRACH adaptation and indication method for common signal adaptation, and the following proposals and observation are made:
For SSB adaption in time domain,
Observation 1: For SSB adaptation that is only applicable for NCD-SSB while CD-SSB is always transmitted in normal periodicity, 0.7%~2.7% NES gain can be obtained in various BS types and TDD/FDD structures. 
· Note that the assumption for cell load is empty load.

Proposal 1: Do not support SSB adaptation that is only applicable for NCD-SSB/SSB that is not a CD-SSB while a CD-SSB is always transmitted in normal periodicity.

Observation 2: When SSB is transmitted in a large periodicity (e.g. 160ms) and legacy UE can detect the corresponding SSB, it may cause a significant delay for initial cell selection.

Proposal 2: Legacy UE shall not access to the cell that support SSB adaptation for initial cell selection.

Proposal 3: Consider the following solutions for SSB transmission on the cell that support SSB adaptation,
· Opt 1: Set cellBarred IE in MIB to barred while adding an additional IE in SIB1, allowing the R19 UE to access to the corresponding cell.
· Opt 2: Adjust frequency point or PBCH format (e.g. PBCH payload, DM-RS generation) for the SSB.

Observation 3: Additional requirement is needed if R19 NES-capable UE can perform initial cell selection on SSB-adaptable cell. E.g., adding assumption for SSB periodicity, or relaxing the total detection time for initial cell selection.

Proposal 4: The SSB-adaptable cell can be configured as:
· A serving cell (include non-CA case, PCell and SCell) or camped cell for R19 NES-capable UE.
· A SCell for legacy UE.

Proposal 5: RAN1 to further discuss the scenario for SSB adaptation with the following options:
· Option 1: SSB adaptation for a cell with the consideration that always-on CD-SSB (for R19 NES-capable UE) can be transmitted in large periodicity (e.g. 160ms)
· Legacy UE shall not access to the corresponding cell for initial cell selection
· FFS: the method to prevent legacy UE from access to the SSB-adaptable cell
· Note that the corresponding cell can be configured as a SCell for legacy UE
· The corresponding cell can be configured as a serving cell or camped cell for R19 NES-capable UE
· FFS: whether R19 NES-capable UE can use the corresponding cell for initial cell selection
· FFS: whether SSB adaptation is on CD-SSB, SSB that is not CD-SSB or NCD-SSB
· Option 2: SSB adaptation for a cell that only have NCD-SSB/SSB that is not a CD-SSB (i.e. the cell can only be a SCell for both R19 NES-capable UE and legacy UE)

Proposal 6: For specific mechanism on SSB adaptation, support the following options,
· Opt 1: Adaptation of SSB burst periodicity
· Opt 2: Adaptation based on two SSB configurations where up to two configurations can be active
· Opt 3: Introduce a Cell DTX-wise pattern for SSB

Proposal 7: For SSB adaptation on SCell, support to discuss the specific mechanism under AI 9.5.1.

For PRACH adaption in time domain and spatial domain,
Proposal 8: Support the following schemes for PRACH adaptation in time domain,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption.
· Opt 2: Adaption between two prach-ConfigurationIndex.
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH

Observation 4: For NES gain on PRACH adaptation in spatial domain:
· 1.0%~8.8% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 1 BS, TDD structure under 50%~90% ratio for configuration index 0. 
· 1.4%~7.0% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 1 BS, FDD structure under 50%~90% ratio for configuration index 0. 
· 0%~0.2% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 2 BS, TDD structure under 50%~90% ratio for configuration index 0.  
· 0%~0.3% extra NES gain can be obtained with PRACH adaptation in spatial domain for Cat 2 BS, FDD structure under 50%~90% ratio for configuration index 0. 
· Note that the assumption for cell load is empty load.

For indication method for common signal adaptation,
Proposal 9: For SSB and PRACH adaptation, support to have a unified design for indication signaling.

Proposal 10: For SSB and PRACH adaptation, support using a cell-common DCI for adaptation indication.
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1.


 


Introduction


 


In RAN#102 meeting, a new SID on 


enhancements of network energy saving


 


has been approved [1]


, one of the 


objectives is


 


to adapt the common signal/channel transmission, which has been discussed during R18 SI and proved 


to be 


beneficial


 


for energy saving, the related objective is as following,


 


3. 


Specify a


daptation of common signal/channel transmissions. 


[RAN1/2/3/4]


 


 


•


 


Adapt


ation 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


 


•


 


Adapt


ation 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 


give our consideration


s


 


on 


SSB


 


adapt


at


ion


 


in time domain


,


 


PRACH adaptation


 


and indication 


method for 


common signal 


adaptation


, and give our proposals.


 


2.


 


Discussion on 


adapt


at


ion of SSB in time domain 


 


For SSB adaptation in time domain, t


he following agreement 


is


 


agreed 


during RAN1#11


6


-


bis


 


meeting


 


[


2


].


 


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 


 


o


 


Rel


-


19 NES


-


capa


ble 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


 


o


 


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


 


o


 


FFS: Rel


-


19 NES


-


capable UE in idle/inactive mode


 


·


 


Note: Impact to idle/inactive UEs shall be minimized 


 


In 


this 


section


, 


we 


discuss


 


SSB 


adapt


at


ion


 


in


 


over


all consideration


 


and specific mechanism for ad


ap


tation


.


 


 


2.1.


 


Discussion on 


overall consideration of 


SSB adaptation
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