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1. Introduction
[bookmark: _Hlk101275836]In RAN#103, R19 NES WI was revised [1]. The objectives of the R19 NES work item are shown as follows. In this contribution, the views on the adaptation of common signal will be provided.
	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 


2. Discussion 
Adaptation of common signal/channel has already been discussed in R18 NES SI [2]. Network energy saving can be realized by varying the periodicity and/or changing a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or flexibly varying the periodicity of uplink random access opportunities. In this section, SSB adaptation, PRACH adaptation, and paging adaptation will be discussed respectively [2].
2.1. Adaptation of SSB in time domain
	Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· Option A3: adaptation for SSB not on sync raster
· 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 

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



Scenario
In the previous several RAN1 meetings, there are some discussions about the applicable scenarios and mechanisms for SSB adaptation in the time domain. It has been agreed to support the scenario where a cell includes both Rel-19 NES-capable UEs and legacy UEs. To minimize the standard efforts, RAN1 should strive for a uniform design for the scenario where a cell includes only Rel-19 NES-capable UEs. 
[bookmark: _Ref166237814]Proposal 1: RAN1 strives for common design for SSB adaptation in a cell with only Rel-19 NES-capable UEs and a cell with both legacy UEs and Rel-19 NES-capable UEs. 
Based on the agreement, there are several remaining issues related to the applicable scenario, i.e., 1) whether the SSB adaptation is applied to CD-SSB or not CD-SSB; 2) whether the SSB adaptation is applicable to PCell or SCell; 3) whether the SSB adaptation is also applied to idle/inactive UEs besides connected UEs. 
Regarding whether the SSB adaptation is applicable for CD-SSB or not CD-SSB. In our opinion, SSB adaptation should NOT be applied to CD-SSB. Because, in practical network deployment, CD-SSB is used by UEs to perform initial access procedure, those UEs assume fixed SSB pattern and cannot know the CD-SSB adaptation information. If the initial access procedure is to be enhanced, the feasibility should be studied in RAN4.
[bookmark: _Ref166258725]Proposal 2: The SSB adaptation should not be applicable to CD-SSB.
Regarding whether the SSB adaptation is applicable for PCell or SCell. In our opinion, SSB adaptation should not be applied for PCell. Because, a PCell is always configured with CD-SSB, UEs camping on this cell can always use this CD-SSB in practical network deployment. If SSB adaptation is not applicable to CD-SSB, the PCell case should also be deprioritized.
[bookmark: _Ref166258727]Proposal 3: The SSB adaptation should not be applicable to PCell.
Regarding whether the SSB adaptation is also applicable for idle/inactive UE or not. In our opinion, such case should be deprioritized as well. Because, idle/inactive UEs always use CD-SSB. If SSB adaptation is not applicable to CD-SSB, the SSB adaptation for idle/inactive UE should be deprioritized. To minimize impact on idle/inactive UEs, especially the UEs performing initial access, the scenario for a cell with only Rel-19 NES-capable UEs should not be supported. Moreover, the scenario for a cell with both Rel-19 NES-capable and legacy UEs should not be supported, since the SSB periodicity and actual transmitted SSB index can be updated and indicated by SIB1, and latency requirement is not essential for UEs in idle/inactive.
[bookmark: _Ref166237816]Proposal 4:  The SSB adaptation should not be applicable to UEs in idle/inactive mode.
SSB adaptation mechanism
[bookmark: _Ref163053976]For the adaptation mechanisms, from our perspective, a new larger SSB burst periodicity value can achieve network energy-saving gain since the network transmits less SSB in a certain period. Nevertheless, the impact of a new larger SSB burst periodicity value should be discussed in RAN4.
Proposal 5: New larger SSB burst periodicity value(s) can be introduced. Send an LS to RAN4 to ask for the detail value and impact.
Some adaptation mechanisms intend to transmit or skip some SSB burst with the time mask, such as cell DTX or non-uniformly time window. Although the network can transmit less SSB by these methods, more standard efforts are required compared with that of a new larger SSB burst periodicity. For example, the cell DTX application for SSB transmission when UE is in both connected mode and idle mode should be specified.
Some adaptation mechanisms are proposed to change SSB periodicity or actual transmitted numbers of SSBs within an SSB burst which are already supported to be semi-statically updated by SIB1 or RRC signaling. The applicable scenario for fast SSB adaptation by physical layer signaling or MAC layer signaling is not clear.
Adaptation based on two SSB configurations where up to two configurations can be active need further details, and its benefit should be clarified. For example, the two SSB configurations have different periodicities that can be updated by SIB1. Or when two configurations are activated including a legacy periodic configuration and a aperiodic configuration, it can be realized by on-demand SSB in AI 9.5.1. 
New SSB bursts such as new compact SSB bursts also need more design details to evaluate the implementation complexity for both UE and gNB. For example, how does the neighbor cell know the compacted SSB pattern of the NES cell?
[bookmark: _Ref166237791]Observation 1: SSB adaptation with Cell DTX or non-uniformly time window requires more standard efforts compared with that of a new larger SSB burst periodicity. 
[bookmark: _Ref166237794]Observation 2: The benefit of fast SSB adaptation with SSB burst periodicity or actual transmitted SSB in an SSB burst should be clarified.
[bookmark: _Ref166237795]Observation 3: SSB adaptation on two SSB configurations and new SSB burst need more design details to evaluate the implementation complexity.
2.2. Adaptation of PRACH in time domain
	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 time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable Ues in addition to PRACH resources for legacy Ues (if any)
· Note: NES-capable Ues can use both additional PRACH resources and PRACH resources for legacy Ues
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating Ros in time domain
· Other options are not precluded

Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by Gnb without UE trigger
· FFS: PRACH adaptation with UE trigger 
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· List options for Candidate channel types
· 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)


Adaptation based on additional PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs has been agreed. The additional PRACH resources can be based on the legacy PRACH configuration with some parameter updates. For example, the time domain resource for additional PRACH resources can be derived by the legacy PRACH time domain resource configured by prach-ConfigurationIndex and offset value. Alternatively, a new RRC parameter prach-ConfigurationIndexNES can be used to indicate PRACH resource periodicity and PRACH occasion referring to one of the rows of the existing PRACH configuration tables in TS 38.211. Moreover, some configurations can be overridden by new parameters, such as FDMed RO number, and staring RB.
[bookmark: _Ref166237826]Proposal 6: The additional PRACH resource can be configured by a new RRC parameter based on the current PRACH configuration table in 38.211, some configurations can be configured by a new parameter, such as FDMed RO number, starting RB and periodicity, and so on.
To realize the fast adaptation of PRACH, adaptation of the additional RO information could be indicated by physical layer signaling or MAC layer signaling. Considering the idle UE needs to monitor paging information before DL reception, one possibility is to indicate the adaptation of PRACH by the DCI transmitted in PO. For example, the paging DCI, i.e., DCI 1-0 with CRC scrambled by P-RNTI, can be reused. The paging DCI can also be monitored by UE in connected state. In addition, PEI or a new DCI format similar as PEI could also be used to indicate the adaptation information, thus UE could get the information earlier. In this case, the search space for the new DCI format may need to be configured separately to distinguish with current DCI.
[bookmark: _Ref166237827]Proposal 7: The following signaling can be considered to be used to indicate the dynamic adaptation of additional PRACH resources:
· Paging DCI 
· PEI
· a new DCI similar to PEI
It has been agreed that SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs (if any). The SSB-RO mapping rule for the additional PRACH resources can follow the legacy rule since it would not impact the SSB-RO mapping for legacy UEs. Moreover, the network should ensure an additional PRACH resource does not overlap in both time and frequency with a PRACH resource for legacy UEs. 
[bookmark: _Ref166237829]Proposal 8: The SSB-RO mapping rule for the additional PRACH resources can follow the legacy rule as the SSB-RO mapping for PRACH resources for legacy UEs.
	


[bookmark: OLE_LINK2]Since Rel-19 NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs, Rel-19 NES-capable UEs shall prioritize the selection of additional RO when there are both activated legacy RO and additional RO so that the congestion level of legacy RO would not be increased heavily. Furthermore, when the number of RACH failures exceeds a threshold in additional RO, the UE shall switch to legacy RO.  
[bookmark: _Ref159251141][bookmark: _Ref166237832]Proposal 9: To avoid the negative impact on legacy UE, the Rel-19 NES-capable UE should prioritize the selection of additional PRACH resources if applicable. When the number of RACH failures exceeds a threshold in additional PRACH resources, the UE shall switch to legacy PRACH resources.
2.3. Adaptation of PRACH in spatial domain
[bookmark: OLE_LINK4]The following simulation assumptions for the adaptation of PRACH in the spatial domain were agreed in the RAN1#116-bis meeting.
	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
· [bookmark: OLE_LINK3][bookmark: _Hlk166229153]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








[bookmark: _Ref166162790]Figure 1. The illustration for adaptation of PRACH in spatial domain
To verify the energy saving gain of adaption of PRACH in spatial domain, we evaluated the simulation cases as shown in Figure 1. The PRACH resources for legacy UEs are illustrated in case A1-1 configured by PRACH config index 5. In case B1-1, the additional PRACH resource is configured by PRACH config index 17 and FDMed with PRACH resource for legacy UEs when overlaps in time domain. In case C1-1 and case C1-2, the additional PRACH resource associated with a subset of transmitted SSBs are active. For the case where the number of SSB beams is 4, the assumptions that SSB-RO mapping of one-to-one and FDMed RO number of 1 are assumed. For the case where the number of SSB beams is 8, the assumptions that SSB-RO mapping of one-to-one and FDMed RO number of 2 are assumed. Take SSB number 4 as an example, if SSB-RO mapping is one-to-one, any subset of the four configured additional ROs can be activated. 
In our evaluation, SSB period of 20ms, SCS of 30kHz and DDDSU TDD pattern are assumed. Other configuration settings in the evaluation are shown in the following Table 1.
[bookmark: _Ref166231861]Table 1. The configuration settings of PRACH adaption evaluation
	Setting A 
(SIB1 period)
	Setting B1
(Cell load)
	Setting B2 
(Traffic model)
	Setting C 
(Row index, S, L) 
	Setting D  
(CORESET#0, SS#0)
	Setting E
(PRACH configuration index)
	Setting F 
(BS power model)
	Setting G
(Number of SSB beams)

	[bookmark: RANGE!B2]20ms, 40ms, 160ms
	Zero load
	FTP3
	[bookmark: RANGE!F2](1, 2, 12)
	(6, 4)
	5, 17
	[bookmark: RANGE!J2]Cat 1 BS
	4, 8



The NES gain of adaption of PRACH in spatial domain are shown in Table 2 and Table 3 .
[bookmark: _Ref166237686]Table 2. NES gain of adaption of PRACH in spatial domain when the number of SSB beams is 4
	Cell load
	SIB1 period
	Deactivated RO ratio
	Energy saving gain

	Zero load
	20ms
	25%
	2.57%

	
	
	50%
	5.14%


	
	40ms
	25%
	2.77%

	
	
	50%
	5.53%


	
	160ms
	25%
	2.93%

	
	
	50%
	5.87%




[bookmark: _Ref166231881]Table 3. NES gain of adaption of PRACH in spatial domain when the number of SSB beams is 8
	Cell load
	SIB1 period
	Deactivated RO ratio
	Energy saving gain

	Zero load
	20ms
	12.5%
	0.00%

	
	
	25%
	0.37%

	
	
	37.5%
	1.10%

	
	
	50%
	2.20%

	
	40ms
	12.5%
	0.00%

	
	
	25%
	0.40%

	
	
	37.5%
	1.19%

	
	
	50%
	2.37%

	
	160ms
	12.5%
	0.00%

	
	
	25%
	0.42%

	
	
	37.5%
	1.26%

	
	
	50%
	2.52%



Based on the simulation results, we have the following observation:
[bookmark: _Ref166237796]Observation 4: For the case of 20ms SSB period and 20/40ms/160ms SIB1 period, in zero load, adaption of PRACH in spatial domain can only achieve little NES gain of 2.57%-5.87% when the number of SSB beams is 4, and little NES gain of 0%-2.52% when the number of SSB beams is 8.
From our perspective, the potential use case of the adaptation of PRACH in the spatial domain is when SSB beams have different coverage or different access requirements, where different SSBs may associate with different numbers of PRACH resources. In such a case, gNB may not need to monitor the same number of PRACH for some SSB beams. However, there are a lot of issues that need to be addressed for the adaptation of PRACH in the spatial domain, and the potential standard impact of this method could be large. For example, a new mapping rule for PRACH occasion and SSB needs to be defined to achieve non-uniformed mapping between PRACH and different SSBs.
[bookmark: _Ref163054006]Proposal 10: Deprioritize the adaptation of PRACH in the spatial domain in NES WI.
2.4. Adaptation of paging occasions in the time domain
	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
Agreement @RAN2#125bis
1. From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle.
2. For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3. For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
	- Option 1: Prevent the access of legacy UE via barring;
 	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)


[bookmark: _Ref159257151]It has been agreed that the specification details for PO/PF determination and paging-related configurations or procedures will be handled by RAN2, and RAN1 can discuss the RACH congestion caused by paging concentration. Moreover, the possibility of RACH failure would be increased when the adaptation of paging occasions in the time-domain is adopted. More specifically, the network may page plenty of UEs in the confined paging occasions, after UEs receive the paging message, the UEs trigger the random-access procedure within a short period which would increase the RO congestion heavily. For example, as illustrated in Figure 2, aggregated POs may be configured within the PF of Rel-19, in this case, if the number of PRACH resources is not increased, so, there would be more UEs initiating access in the limited RO, especially when the PRACH period is large. Therefore, we suggest to study the PRACH resource congestion issue caused by paging concentration. 


[bookmark: _Ref166248219]Figure 2 The paging occasion and PRACH occasion for additional paging occasion case
[bookmark: _Ref166237834]Proposal 11: Study PRACH resource congestion issue caused by paging concentration.
3. Conclusion
In this contribution, the enhancement of CSI framework for network energy saving techniques in spatial and power domain are discussed and the following observations and proposals are summarized as follows: 
Observation 1: SSB adaptation with Cell DTX or non-uniformly time window requires more standard efforts compared with that of a new larger SSB burst periodicity.
Observation 2: The benefit of fast SSB adaptation with SSB burst periodicity or actual transmitted SSB in an SSB burst should be clarified.
Observation 3: SSB adaptation on two SSB configurations and new SSB burst need more design details to evaluate the implementation complexity.
Observation 4: For the case of 20ms SSB period and 20/40ms/160ms SIB1 period, in zero load, adaption of PRACH in spatial domain can only achieve little NES gain of 2.57%-5.87% when the number of SSB beams is 4, and little NES gain of 0%-2.52% when the number of SSB beams is 8.
Proposal 1: RAN1 strives for common design for SSB adaptation in a cell with only Rel-19 NES-capable UEs and a cell with both legacy UEs and Rel-19 NES-capable UEs.
Proposal 2: The SSB adaptation should not be applicable to CD-SSB.
Proposal 3: The SSB adaptation should not be applicable to PCell.
Proposal 4:  The SSB adaptation should not be applicable to UEs in idle/inactive mode.
Proposal 5: New larger SSB burst periodicity value(s) can be introduced. Send an LS to RAN4 to ask for the detail value and impact.
Proposal 6: The additional PRACH resource can be configured by a new RRC parameter based on the current PRACH configuration table in 38.211, some configurations can be configured by a new parameter, such as FDMed RO number, starting RB and periodicity, and so on.
Proposal 7: The following signaling can be considered to be used to indicate the dynamic adaptation of additional PRACH resources:
· Paging DCI 
· PEI
· a new DCI similar to PEI
Proposal 8: The SSB-RO mapping rule for the additional PRACH resources can follow the legacy rule as the SSB-RO mapping for PRACH resources for legacy UEs.
Proposal 9: To avoid the negative impact on legacy UE, the Rel-19 NES-capable UE should prioritize the selection of additional PRACH resources if applicable. When the number of RACH failures exceeds a threshold in additional PRACH resources, the UE shall switch to legacy PRACH resources.
Proposal 10: Deprioritize the adaptation of PRACH in the spatial domain in NES WI.
Proposal 11: Study PRACH resource congestion issue caused by paging concentration.
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