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1. Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]A new work item on network energy saving was approved in RAN plenary #102 and revised as in [1]. The following objective has been agreed on adaptation of common signal/channel transmissions for Rel-19 NES:
	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


Analysis for adaptation schemes on respective common channels to be provided in the document. 
2. [bookmark: _Ref158130005]Adaptation of SSB
2.1 General discussion for SSB adaptation
The following agreement was achieved in the last meeting. In this section, we further discuss the related details. For simplification, we refer to inactive UEs also by idle UEs. 
	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 


Rel-19 NES-capable UE’s SCell
Regarding SCell operation, SSBs are configured via RRC messages upon SCell configuration, and the adaptation can be notified to both legacy UEs (statically) and Rel-19 NES-capable UEs (dynamically, if supported). Whether on or off sync raster, and whether being CD-SSB or not do not matter in this case.
Proposal 1: Support Option B1, B2 and B3 on a Rel-19 NES-capable UE’s SCell.
Rel-19 NES-capable UE’s PCell (Connected mode)
If the adaptation is not conducted on CD-SSB, or not on sync raster, then there is no negative impact for idle legacy UEs to which the adaptation would be transparent, and it can be notified to connected legacy UEs statically. Therefore, Option A2 and A3 can be supported. 
If the adaptation is conducted on CD-SSB or SSBs on the sync raster (A PCell is always associated to a CD-SSB located on the synchronization raster), cell search behaviour of idle legacy UEs might be affected. However, considering such a scenario where the Rel-19 NES cell coverage is within another legacy cell’s coverage (denoted as cell A). The Rel-19 NES cell can provide services for connected Rel-19 NES-capable UEs and maintain NW energy saving at the same time, while legacy UEs can always find cell A to camp on. Since the initial-access problem of legacy UEs can be tackled with by such, it can be up to NW flexibility for the adaptation for CD-SSB, and Option A1 can also be supported.
Proposal 2: Support Option A1, A2 and A3 on a Rel-19 NES-capable UE’s PCell (Connected mode).
Rel-19 NES-capable UE’s PCell (Idle mode)
Similarly, the negative impact to legacy UEs can be mitigated via NW deployment in Rel-19 NES-capable UE’s PCell (Idle mode). It is suggested that Rel-19 NES should target to provide specification tools that allow sufficient flexibility for gNB’s energy savings potential, whenever possible. Therefore, we consider that SSB adaptation can be supported for idle UEs from specification perspective.
Proposal 3: Support SSB adaptation for idle mode UEs.

2.2 SSB adaptation scheme
The following mechanism for SSB adaptation was proposed in RAN1#116 meeting. 
	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


In current spec, the periodicity of SSB-burst and actual SSB blocks that are sent in each burst is indicated in SIB1/RRC configuration (i.e. ssb-periodicityServingCell and ssb-PositionsInBurst).
Following the approach to efficiently control SSB configuration, more dynamic adaptation is possible. At least for the scenario that legacy UEs are not concerned, gNB may choose to use a relatively longer SSB periodicity as default, to keep network energy consumption in low level while maintain certain access capability. The default long-period SSB is not only used for UEs in idle mode, but also can be useful in case that a PCell for one UE is configured as SCell for another UE – apparently, SSB for SCell with longer periodicity is already supported and thus the other UE could benefit from this, if it is a legacy UE. Certainly, this adaptation can also be applicable to RRC connected UEs in PCell.
Then in order to further facilitate the access of UEs to PCell, without removal of the default SSB, to additionally uses and configures a new “mutable” SSB pattern can be considered. The “mutable” SSB pattern can be dynamically disabled/enabled depending on the NES needs of the cell. The “mutable” SSB pattern can mute SSB-bursts or SSB within a burst. So, we propose, 
Proposal 4: [bookmark: _Ref162613989]Support the following methods for UE in Idle/inactive mode and PCell for UE in connected mode:
· Two SSB configurations to be configured in SIB1, of which gNB can dynamically disable/enable one.
In CA scenarios, SSB is required for measurement, T/F synchronization, and activation procedure on SCell. In current spec, SSB patterns in an SSB burst within a period is fixed, gNB will keep in the wake-up state to transmit SSB regardless of whether there is data transmission service requirement on SCell, which is unfavourable for network power consumption saving. 
To provide gNB with more sleeping opportunities then when there is no data on SCell, SSBs can be muted. When burst traffic arrives on SCell, SSB with much shorter period or of compact pattern can be adjusted by dynamic indication to quickly activate the SCell. After the SCell activation is completed, SSB with longer period (e.g., 20ms or larger) can be sent, as illustrated in Figure 1. Compared to using SSB with normal period to activate an SCell, additional NW energy saving gain is obtained due to the reason that, as the SCell activation is accelerated, the data can be sent earlier, and the NW can get into the sleep mode earlier. 
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[bookmark: _Hlk162373358]Figure 1 An example for SSB adaptation on SCell.

Besides dense periodicities which are already supported (e.g., 5ms), new periodicities which are less than 5ms can be considered to boost the acceleration of SCell activation. In current spec, the transmission of an SSB burst is confined in a half frame (5ms) and the actual transmission window within is less than 5ms, which varies depending on the frequency band and SCS, i.e., from no more than 2ms (e.g., SCS=15kHz, sub-3GHz) to more than 4ms but less than 5ms (e.g., SCS=120kHz, FR2). The new periodicity can thus be defined, with details to be considered under different bands and SCSs.
Proposal 5: [bookmark: _Hlk166253559]Support new SSB burst periodicity of values of less than 5ms for SCell SSB transmission.
[bookmark: _Hlk165326186]Furthermore, the gaps between two adjacent SS/PBCH blocks in an SSB burst can be squeezed and the candidate SS/PBCH blocks can be adaptive to the number of SSB beams, leading to an even narrower transmission window. With such narrow time duration which transmitted SS/PBCH blocks occupy, new periodicities less than 5ms can be supported since the gap between adjacent SSB bursts can be squeezed. In Figure 3, an example of compact SSB pattern is illustrated, where the SCS is 120 kHz and the number of SSB beams is assumed as 32. Compared to normal SSB pattern with a periodicity of 20ms, the compact SSB pattern occupies 1.375ms to transmit a burst, and the periodicity is reduced to 2ms (considering rounding operation to align with the subframe boundary). 
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Figure 2 An example of new SSB burst with compact SSB pattern

This compact pattern of SSB can be used for SCell activation to finish the synchronization and measurements in a shorter time. In current spec, with transmission of 20ms periodicity SSB, large activation delay exists due to unknown state, especially for FR2 SCell, as is shown in the following Figure 3. Note that about 4 rounds of SSB bursts are needed per UE Rx beam in FR2, in which 2 rounds are for AGC settling, 1 round is for synchronization and 1 round is for L1-meaurements. Assuming a typical FR2 UE (equipped with 8 Rx beams), then about 32 rounds of SSB bursts are needed for the SCell activation, leading to a long activation delay of 640ms. Consequently, such huge delay will force gNB to stay active for a long time, preventing it from transmitting data as soon as possible and get into deeper sleep mode. 
[image: ]
Figure 3 Illustration for a FR2 unknown SCell activation delay when applying normal SSB pattern 

By contrast, the SCell activation delay can be largely reduced if applying the compact pattern. Under the same setting of a FR2 unknown cell, the latency can be reduced from 640ms to 64ms, and then NW can go into sleep earlier after completion of data transmission. Besides preserving NW energy saving gain, this is also beneficial for user-perceived transmission rate.
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Figure 4 Illustration for a FR2 unknown SCell activation delay when applying compact SSB pattern 

Obsevation 1: Reducing the periodicity of SSB burst to e.g. 2 ms level can reduce the latency of Scell activation in FR2 by several hundreds of ms. This saved time could help the Scell to enter in deeper sleeping modes once data transmission is finished. 

This new SSB burst does not only save network energy but also reduce UE power for SCell activation. On the other hand, shortened SSB bursts may not be applicable for PCell/idle UEs since a UE has to frequently detect a potential SSB for initial access. Therefore, restriction this method to SCell only is reasonable, and can mitigate the implementation impact. To further reduce the specification efforts, the presence of the gap can be configurable by RRC, and limited new patterns to be introduced. Considering the main interest of FR2, a 2-ms period new SSB burst pattern can be targeted. This is simpler and provides sufficient flexibility for gNB to decide the use accordingly. 
To enable smaller SSB burst periodicity, less than 5 ms, we propose 
Proposal 6: Support the following methods (compact SSB burst) for SCell:
· One new SSB burst pattern with down to 2ms-level periodicity at least for FR2
· The presence of the gaps (as defined by current specification) between adjacent SSBs within one period and gaps between adjacent SSB bursts across periods are configurable by RRC.

2.3 Indication method for SSB adaptation

	Agreement
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


As previously mentioned, for now, once gNB wants to disable/release/change one configuration in SIB1, only SI change can be used by gNB. SI change takes effect by modification period. Currently, the modification period is 2/4/8 times of the default paging cycle, which means that the process can last for hundreds of milliseconds, or even several seconds. Thus, the latency is quite large. 
Obsevation 2: To enable/disable/change one configuration in SIB1, SI change causes hundreds of milliseconds or even several seconds’ latency.
Based on the above analysis, a new indication method with low latency should be introduced. This can be L1 signalling, and can be a new one or based on an existing signalling, depending on the target use case and UE modes. For example, for idle UEs, detection complexity of such signalling should be considered. For connected UEs, the adaptation is performed on cell-level, so cell-specific signalling, e.g., DCI, can be used.
Proposal 7: [bookmark: _Hlk165327596]DCI can be introduced for dynamic indication of SSB adaptation.
· FFS: Same or different signalling designs, considering different UE modes, detection complexity, and spec impact.
· FFS: New or existing DCI format.

3. [bookmark: _Ref158130007]Adaptation of PRACH
3.1 Adaptation of PRACH in time domain
[bookmark: _Hlk157864451]In RAN1#116b meeting, the following agreements related to PRACH adaptation mechanism were achieved. In this section, we first discuss the SSB-RO mapping for additional PRACH resources that is overlapped with/without legacy PRACH resources. Then, we discuss the configuration of additional PRACH resources. Moreover, we also discuss the dynamic signalling method for PRACH adaptation 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


SSB-RO mapping for additional PRACH resources
If the additional PRACH resources are overlapping in both time and frequency with the PRACH resources for legacy UEs, NES-capable UEs might get confused about which SSB-RO mapping to use on the overlapped PRACH resources. In the example shown in Figure 5, The PRACH resources for legacy UE, it is assumed the legacy PRACH configuration with index leading to 80 ms periodicity e.g., PRACH Configuration Index #1 in TS38.211 Table 6.3.3.2-3. There are 4 SSBs transmitted, and the number of SSB indexes N associated with one RO is set to 1, and the number of ROs configured in the frequency domain by msg1-FDM is set to 2. For the additional PRACH resources, it is assumed the PRACH configuration with 80 ms periodicity and other configurations (including the occupied RBs in frequency domain) are same as PRACH resources for legacy UE, e.g., PRACH Configuration Index #2 in TS38.211 Table 6.3.3.2-3. Assuming legacy SSB-RO mapping is applied for each PRACH resources, in the overlapping parts, we observe that, in the PRACH resources for legacy UEs, the RO 2~3 are associated with SSB 2~3, but for additional PRACH resources, the RO 4~5 (that are overlapping with RO 2~3 in PRACH resources for legacy UEs) are associated with SSB 0~1.
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[bookmark: _Ref166177717]Figure 5 An example of additional PRACH resources overlapping in both time and frequency with the PRACH resources for legacy UEs with SSB-RO mapping that create confusion to either the UE or the gNB 
Even if the NES-capable UE and gNB align on which SSB-RO mapping to use in the overlapping parts, NES-capable UE and legacy UE have different understandings in the overlapping parts. When both legacy UEs and NES-capable UEs select preamble in overlapping parts, gNB cannot distinguish the type of UEs and then gNB will also get confused about which SSB-RO mapping is used by Legacy UE/NES capable UE. For example, NES-capable UE (UE #1) selects preamble in RO4 in the additional PRACH resources and legacy UE (UE #2) selects preamble in RO2 (which is overlapping with RO 4 in additional PRACH resources) in the PRACH resources for legacy UE. For UE #1, RO4 is associated with SSB 0. And for UE #2, RO2 (which is overlapping with RO 4 in additional PRACH resources) is associated with SSB 2. When these two UEs sends preambles, due to gNB cannot distinguish UE #1/UE #2 is a legacy UE or NES-capable UE, gNB gets confused about which SSB-RO mapping is used by UE#1/UE#2. 
Obsevation 3: If the additional PRACH resources are overlapping in both time and frequency with the PRACH resources for legacy UEs, NES-capable UEs might get confused about which SSB-RO mapping to use on the overlapped PRACH resources.
Obsevation 4: Even if the NES-capable UE and gNB align on which SSB-RO mapping to use in the overlapping parts, NES-capable UE and legacy UE have different understandings in the overlapping parts. When both legacy UEs and NES-capable UEs select preamble in overlapping ROs, gNB cannot distinguish the type of UEs and then gNB will also get confused about which SSB-RO mapping is used by the UE.
Based on the above, if the overlapping are allowed, to make sure that NES-capable UEs and gNB have single understanding of SSB-RO mapping under the overlapping parts, it has to introduce some mechanisms to handle the above issue. For example, the additional PRACH resources can have two independent SSB-RO mappings. As shown in the following figure, the RO-SSB mapping of overlapping parts in additional PRACH resources is same as it in legacy PRACH resources. The remaining ROs in additional PRACH resources (excluding overlapping parts) are associated to SSBs independently with the overlapping parts. An example is shown in Figure 6. Obviously, the introduced mechanism may increase the complexity of both gNB and UE, due to two SSB-RO mapping need to be maintained for additional PRACH resource. Additionally, the gNB cannot distinguish the type of UEs from the received preamble which might be useful in some cases. 
[image: ]
[bookmark: _Ref166181464]Figure 6 An example of additional PRACH resources overlapping in both time and frequency with the PRACH resources for legacy UEs with SSB-RO mapping that do not create confusion the UE nor the gNB 

Obsevation 5: If the additional PRACH resources are overlapped with legacy resources in both time and frequency, then to identify NES-capable UEs with associated SSB-RO mapping under the overlapping parts, new mechanisms need to be introduced, e.g.:
· Two SSB-RO mappings for the additional PRACH resources. One is for overlapping parts and the RO-SSB mapping of overlapping parts in additional PRACH resources is same as it in legacy PRACH resources. Another one is for non-overlapping parts. The ROs of non-overlapping parts in additional PRACH resources are associated with SSB independently with overlapping parts.
· Overlapping of RACH resources does not seem to provide obvious benefits for e.g. RACH capability enhancements, while complicates the gNB detection and implementation (always two types of mapping to be implemented). 
Finally, it is also observed that gNB can guarantee the additional PRACH resources are non-overlapping with PRACH resources for legacy UEs by implementation. For example, the PRACH resources for legacy UEs and additional PRACH resources can be FDMed. Based on the above observations, considering the increased complexity and appended specification effort, we propose,
Proposal 8: [bookmark: _Hlk166253740]Support additional PRACH resources are non-overlapping with legacy PRACH resources in both time and frequency by gNB implementation (e.g. FDMed if overlap in time or TDMed if overlap in frequency).
Configuration of additional PRACH resources
For configuring additional PRACH resources, a PRACH configuration (e.g. like RACH-configCommon) can be additionally configured in SIB1. This actually enable gNB to adapt PRACH with full flexibility. For example, gNB can configure additional PRACH resources with time/frequency resources that are non-overlapping with legacy PRACH resources. 
Proposal 9: For configuration of additional PRACH resources, support the following methods:
· Introduce an additional PRACH resources configuration (e.g. RACH-configCommon) in SIB1.  
The enable/disable of these newly configured PRACH resources in SIB1 does not trigger an SI change and can be dynamic i.e., using L1/L2 signalling. Moreover, considering UE detection complexity, we prefer using exciting signalling. And we also prefer uniform signalling method for Idle/inactive/connected UEs. Considering this, paging DCI which can be received by Idle/inactive/connected UE is a good choice. For paging DCI, the reserved states in short message indicator or short message can be used. Another choice is DCI 2_7 with CRC scrambled by PEI-RNTI which UE monitors before receiving paging DCI. Some new information field can be introduced in DCI 2_7.
Proposal 10: Support the gNB can dynamically disable/enable the additional PRACH resources by L1 signalling (e.g. paging DCI, DCI 2_7 with CRC scrambled by PEI-RNTI). 
3.2 Adaptation of PRACH in spatial domain
In RAN1#116b meeting, the following simulation assumptions were agreed for further studied PRACH adaptation in spatial domain.
	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


Based on the agreed simulation parameters, we performed the simulation for Cat 2 BS and 8 SSBs in an SSB burst. Other simulation settings are shown in Appendix A. Note, although not the intention of the above setting for comparison, we examined also an extreme case, i.e. removal of all time/frequency domain PRACH resources as the upper bound of NES gain. The results are provided in the following table.
Table 1: NES gains for PRACH adaptation in spatial domain
	SSB period (ms)
	SIB1 period (ms)
	PRACH adaptation Scheme
	NES gain

	20
	20
	10 ms PRACH period(B1/A1-2)
	-

	
	
	Muting all of PRACH occasions in each 10ms PRACH period 
(spatial-domain PRACH adaptation)
	4.96%

	
	
	Muting half of PRACH occasions in each 10ms PRACH period 
(spatial-domain PRACH adaptation)
	2.48%

	20
	20
	20 ms PRACH period(A1-1)
	-

	
	
	Muting all of PRACH occasions in each 20ms PRACH period 
(spatial-domain PRACH adaptation)
	2.54%

	
	
	Muting half of PRACH occasions in each 20ms PRACH period
(spatial-domain PRACH adaptation)
	1.27%

	20
	20
	160 ms PRACH period(A2-1/B2)
	-

	
	
	Muting all of PRACH occasions in each 160ms PRACH period 
(spatial-domain PRACH adaptation)
	0.32%

	
	
	Muting half of PRACH occasions in each 160ms PRACH period
(spatial-domain PRACH adaptation)
	0.16%

	20
	160
	10 ms PRACH period(B1/A1-2)
	-

	
	
	Muting all of PRACH occasions in each 10ms PRACH period
 (spatial-domain PRACH adaptation)
	6.9%

	
	
	Muting half of PRACH occasions in each 10ms PRACH period
(spatial-domain PRACH adaptation)
	3.45%

	20
	160
	20 ms PRACH period(A1-1)
	-

	
	
	Muting all of PRACH occasions in each 20ms PRACH period
 (spatial-domain PRACH adaptation)
	3.57%

	
	
	Muting half of PRACH occasions in each 20ms PRACH period
(spatial-domain PRACH adaptation)
	1.78%

	20
	160
	160 ms PRACH period(A2-1/B2)
	-

	
	
	Muting all of PRACH occasions in each 160ms PRACH period 
(spatial-domain PRACH adaptation)
	0.46%

	
	
	Muting half of PRACH occasions in each 160ms PRACH period
(spatial-domain PRACH adaptation)
	0.23%


Based on the simulation results, we observed:
Obsevation 6: 
· For RU=0% and SIB1 period is 20ms, 
· the NES gain of muting all and half ROs in each 10ms PRACH period are only 4.96% and 2.48% respectively
· the NES gain of muting all and half ROs in each 20ms PRACH period are only 2.54% and 1.27% respectively
· the NES gain of muting all and half ROs in each160ms PRACH period are only 0.32% and 0.16% respectively.
· For RU=0% and SIB1 period is 160ms, 
· the NES gain of muting all and half ROs in each 10ms PRACH period are only 6.9% and 3.45% respectively
· the NES gain of muting all and half ROs in each 20ms PRACH period are only 3.57% and 1.78% respectively
· the NES gain of muting all and half ROs in each 160ms PRACH period are only 0.46% and 0.23% respectively.

When the traffic load increases, the PRACH periodicity may not be preferably configured as 160ms sometimes. However the baseline gNB power consumption will also increase in this case, leading to a reduced relative gain saved from RRACH resource adaptation. Therefore, we observe 
Obsevation 7: The NES gain of adaptation of PRACH resources with non-uniform mapping to SSB is overall small.
In addition, the motivation of adaptation of PRACH in spatial domain is not clear. The main assumption that gNB knows/predicts the distribution of UEs (especially Idle/inactive UEs) and how that is done is questionable.  
Obsevation 8: It is not clear how gNB knows/predicts the distribution of UEs (especially Idle/inactive UEs).
Therefore, we propose:
Proposal 11: Deprioritize the study of PRACH adaptation in spatial domain.
4. Adaptation of Paging
In RAN1#116 meeting, the following paging adaptation mechanism are considered for further study. 
	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


As shown in the agreement above, Specification details for PO/PF determination and paging-related configuration/procedures are to be handled by RAN2. The details of PO/PF determination and paging-related configuration/procedures exist in TS 38.304 and TS 38.331. In 2.3	RAN2 #125-bis (Changsha Apr-2024) meeting, the following agreements were achieved in RAN2. 
	Agreements on paging adaptation:
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)


RAN2 identified two options for adaptation of paging occasion in time domain. Therefore, RAN2 should primarily study the impact and specification effort of these two options. Meanwhile, RAN1 could postpone work on paging adaptation until RAN2 make further progress.
Proposal 12: [bookmark: _Hlk166253865]RAN1 postpones the work on paging adaptation until RAN2 make further progress. 

5. Conclusions
The following observations and proposals are provided.
Obsevation 1: Reducing the periodicity of SSB burst to e.g. 2 ms level can reduce the latency of Scell activation in FR2 by several hundreds of ms. This saved time could help the Scell to enter in deeper sleeping modes once data transmission is finished. 
Obsevation 2: To enable/disable/change one configuration in SIB1, SI change causes hundreds of milliseconds or even several seconds’ latency.
Obsevation 3: If the additional PRACH resources are overlapping in both time and frequency with the PRACH resources for legacy UEs, NES-capable UEs might get confused about which SSB-RO mapping to use on the overlapped PRACH resources.
Obsevation 4: Even if the NES-capable UE and gNB align on which SSB-RO mapping to use in the overlapping parts, NES-capable UE and legacy UE have different understandings in the overlapping parts. When both legacy UEs and NES-capable UEs select preamble in overlapping ROs, gNB cannot distinguish the type of UEs and then gNB will also get confused about which SSB-RO mapping is used by the UE.
Obsevation 5: If the additional PRACH resources are overlapped with legacy resources in both time and frequency, then to identify NES-capable UEs with associated SSB-RO mapping under the overlapping parts, new mechanisms need to be introduced, e.g.:
· Two SSB-RO mappings for the additional PRACH resources. One is for overlapping parts and the RO-SSB mapping of overlapping parts in additional PRACH resources is same as it in legacy PRACH resources. Another one is for non-overlapping parts. The ROs of non-overlapping parts in additional PRACH resources are associated with SSB independently with overlapping parts.
· Overlapping of RACH resources does not seem to provide obvious benefits for e.g. RACH capability enhancements, while complicates the gNB detection and implementation (always two types of mapping to be implemented). 
Obsevation 6: 
· For RU=0% and SIB1 period is 20ms, 
· the NES gain of muting all and half ROs in each 10ms PRACH period are only 4.96% and 2.48% respectively
· the NES gain of muting all and half ROs in each 20ms PRACH period are only 2.54% and 1.27% respectively
· the NES gain of muting all and half ROs in each160ms PRACH period are only 0.32% and 0.16% respectively.
· For RU=0% and SIB1 period is 160ms, 
· the NES gain of muting all and half ROs in each 10ms PRACH period are only 6.9% and 3.45% respectively
· the NES gain of muting all and half ROs in each 20ms PRACH period are only 3.57% and 1.78% respectively
· the NES gain of muting all and half ROs in each 160ms PRACH period are only 0.46% and 0.23% respectively.
Obsevation 7: The NES gain of adaptation of PRACH resources with non-uniform mapping to SSB is overall small.
Obsevation 8: It is not clear how gNB knows/predicts the distribution of UEs (especially Idle/inactive UEs).

Proposal 1: Support Option B1, B2 and B3 on a Rel-19 NES-capable UE’s SCell.
Proposal 2: Support Option A1, A2 and A3 on a Rel-19 NES-capable UE’s PCell (Connected mode).
Proposal 3: Support SSB adaptation for idle mode UEs.
Proposal 4: Support the following methods for UE in Idle/inactive mode and PCell for UE in connected mode:
· Two SSB configurations to be configured in SIB1, of which gNB can dynamically disable/enable one.
Proposal 5: Support new SSB burst periodicity of values of less than 5ms for SCell SSB transmission.
Proposal 6: Support the following methods (compact SSB burst) for SCell:
· One new SSB burst pattern with down to 2ms-level periodicity at least for FR2
· The presence of the gaps (as defined by current specification) between adjacent SSBs within one period and gaps between adjacent SSB bursts across periods are configurable by RRC.
Proposal 7: DCI can be introduced for dynamic indication of SSB adaptation.
· FFS: Same or different signalling designs, considering different UE modes, detection complexity, and spec impact.
· FFS: New or existing DCI format.
Proposal 8: Support additional PRACH resources are non-overlapping with legacy PRACH resources in both time and frequency by gNB implementation (e.g. FDMed if overlap in time or TDMed if overlap in frequency).
Proposal 9: For configuration of additional PRACH resources, support the following methods:
· Introduce an additional PRACH resources configuration (e.g. RACH-configCommon) in SIB1.
Proposal 10: Support the gNB can dynamically disable/enable the additional PRACH resources by L1 signalling (e.g. paging DCI, DCI 2_7 with CRC scrambled by PEI-RNTI). 
Proposal 11: Deprioritize the study of PRACH adaptation in spatial domain.
Proposal 12: RAN1 postpones the work on paging adaptation until RAN2 make further progress.
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Appendix A

	A (SIB1 period of non-NES cell)
	B1 (Cell load of NES cell and non-NES cell)
	B2 (Traffic model)
	C (SIB1 PDSCH TDRA) 
(Row index, S, L)
	D (CORESET0/SSB mux pattern) (controlResourceSetZero, searchSpaceZero)
	F (BS power model cat.)
	G1 (Num of SSB)

	20/160ms
	Empty
	FTP3
	Row1 with (S,L)=(2,12)
	controlResourceSetZero (index) = 6,
searchSpaceZero (index) = 2
	Cat 2 BS
	8
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