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

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


In this contribution, we will discuss the issues related to the adaptation of common signal/channel transmissions. And in our companion contribution, we will discuss the issues related to the on-demand SSB SCell operation and on-demand SIB1 for idle/inactive mode UEs respectively in [1][2].
Adaptation of common signal/channel transmissions
Adaptation of SSB in time domain
During the RAN1#116 meeting, a list of mechanisms aiming at adapting SSBs in the time domain was agreed to be investigated for further study.
	Agreement:
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
Other mechanisms/combinations are not precluded


When defining and specifying SSB adaptation scenarios and solutions for R19 devices, it is important to highlight that the impact to legacy UEs should be considered. As per the note in the WID’s objective, there shall be no negative impact to legacy UEs. Therefore, adaptation of SSB transmissions should not result in dropping of any SSBs that legacy UEs expect to receive. Also, methods that allow only R19 UEs to be served by the cell should be avoided because the cell would then serve only a small fraction of the UEs.
Proposal-1: Adaptation of SSB transmissions should not result in dropping of any SSBs that legacy UEs expect to receive.
Proposal-2: SSB adaptation methods that allow only R19 UEs to access the cell should not be prioritized. 
Then, during the RAN1#116bis meeting, it was agreed that mechanisms for adaptation of SSB in time domain provided by gNB without UE trigger would be supported, which is aligned with our views.
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger


In the RAN1#116-bis meeting, it was also agreed that for a cell with both legacy and Rel-19 NES capable UEs, SSB adaptation is supported for connected mode Rel-19 NES-capable UEs in the PCell and/or SCell. Whether the adaptation of SSB transmission in the time domain refers to a cell-defining SSB (CD-SSB) and/or a non-cell defining SSB (NCD-SSB) needs to be further elaborated.
	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 


Adapting any SSB in the time domain for UEs in connected mode in a PCell and/or an SCell could mean to 
· Case#1: Reduce SSB transmissions for higher NES gain (more sleep opportunities can be achieved with fewer SSB transmissions), e.g., longer SSB periodicity in the SCell when procedures related to SCell addition are not needed.
· Case#2: Add SSB transmissions to facilitate UE measurements, e.g., for the activation of the SCell. In this case, consideration should be given to the trade-off between benefiting the UE with faster measurements vs. benefiting the network for NES gain.
As per the agreement, the adaptation of SSB in time domain should be studied in a cell with both legacy UEs and Rel-19 NES-capable UEs in connected mode. In this cell, the adaptation of SSB in time domain can be dynamically indicated to all Rel-19 NES capable UEs in the cell so that they can use the additional SSBs for measurements (case 2 above), along with the legacy SSBs, for T/F synchronization etc and be aware that those resources are not available for PDSCH. In the same cell, the legacy UEs in connected mode should be able to use the legacy SSBs configured for them.
Observation-1: The adaptation of SSB in time domain can be indicated to all Rel-19 NES capable UEs in the cell so that they can use the additional SSBs for measurements, along with the legacy SSBs, for T/F synchronization etc and be aware that those resources are not available for PDSCH.
As per the agreement, the adaptation of SSB in time domain can be studied for Rel-19 NES capable UEs in a PCell and/or an SCell. As the SCell of a UE can be the PCell of another UE, time domain adaptation of SSBs should be applicable to both SCell and PCell. However, it should be noted that a PCell is always associated to a CD-SSB located on the synchronization raster [38.300]. If a cell is a PCell for some UEs, adapting the periodicity of CD-SSB to a value higher than 20ms can have an impact to UEs performing initial cell selection as discussed below.
Observation-2: Time domain adaptation of SSBs should be applicable to both SCell and PCell.
As per the agreement, the adaptation of SSB in time domain can be studied for CD-SSBs, SSBs that are not CD-SSBs, i.e., NCD-SSBs and for SSBs that are not in the sync raster.
Adapting CD-SSBs in a cell may have an impact on idle/inactive UEs and legacy UEs. Mobility procedures for UEs in idle/inactive mode, including initial access, are based on CD-SSBs. Legacy UEs performing initial cell selection assume that SSBs are transmitted with a periodicity of 20ms [TS 38.213]. Changing the periodicity of CD-SSBs to a value longer than 20ms may result in UEs not finding the cell. However, changing the periodicity of CD-SSB between 5ms and 20ms would be feasible from initial cell selection perspective, as idle/inactive and legacy UEs would still be able to find SSBs as expected. 
NCD-SSBs are not intended to be used for initial cell selection and can support procedures for UEs in connected mode, L1/L3 measurements, T/F synchronization etc. Adapting an SSB that is not CD-SSB in the time domain, e.g., by changing its periodicity to longer values, e.g., from 40ms to 80ms or 160ms, would not impact legacy UEs, since they do not perform initial cell selection based on those SSBs.
Proposal-3: Support adaptation of SSB burst transmission periodicity for multi-carrier scenarios (PCell, SCell) and for UEs in RRC connected.
Proposal-4: Consider adaptation of both CD-SSB and NCD-SSB in a cell that supports both legacy and Rel-19 NES capable UEs.
· Do not consider adaptation of CD-SSBs periodicity to values above 20ms.
Similarly to adapting SSB burst periodicity, dynamic deployment of more than one SSB configuration can be considered, when there is always-ON SSB configuration with periodic transmissions in the cell.
One use case scenario where the network may use a second SSB configuration on top of a first one, e.g., to enable faster UE measurement, is the activation of an SCell. In this scenario, the second SSB configuration can be configured as on-demand SSB(s) transmitted on top of the long-periodicity-one, resulting in denser or more frequent SSBs when needed, e.g., with N additional SSB transmissions starting from a specific time instance. L1/L2 signaling can be used to trigger the second SSB configuration.
Observations-3: One use case scenario where the network may dynamically activate a second SSB configuration on top of a first one, e.g., to enable faster UE measurement, is the activation of an SCell.
Proposal-5: Support adaptation based on two SSB configurations where up to two configurations can be active, for multi-carrier scenarios and for UEs in RRC connected.
Adaptation based on two SSB configurations has been discussed to be applied as Cell DTX for SSB adaptations. Cell DTX was specified in Rel.18 and for UE specific signals/channels. One possibility to consider Cell DTX working together with SSB adaptation using two SSB configurations would be to have a configuration with a certain long periodicity and a second one being on during the active period of Cell DTX if cell DTX is configured. In any case, it is clear that adaptation based on two SSB configurations has more general applicability, and configurations matching potential Cell DTX in the cell are just a special case, and up to network configuration when applicable.
Observation-4: Adaptation based on two SSB configurations has general applicability and potential Cell DTX adaptations are only a subset of this mechanism with applicability dependent on network implementation. 
Proposal-6: Specify SSB adaptation based on two configurations independently of Cell DTX operation.
With regard to introduction of new periodicity values, there are two options to consider:
· values longer than 160ms, i.e., the longest periodicity currently supported in specifications, and
· values shorter than 5ms, i.e., the shortest periodicity currently supported in specifications.
For periodicity values longer than 160ms, TR 38.864 includes some simulation results on NES gains. Such periodicities could be considered for cells that only serve R19 UEs. However, the NES gains of long periodicity SSBs in the simulation results of TR 38.864 are compared to 20ms SSB transmission periodicity as the baseline and refer to joint static adaptation of SSB/SIB/RACH/RO monitoring periodicities. Relatively high network energy saving gain of 53.6%~7.1% and 83.6%~3.4%, depending on the traffic load is shown because the baseline periodicity is so short. New simulations taking 160ms SSB periodicity as the baseline should be done to assess NES gains of longer SSB periodicities. It should also be noted that longer SSB periodicities slow down measurements and SCell activation delay increases. 
For periodicity values shorter than 5ms, the aim would be to further speed up UE measurements. However, that would be at the cost of additional network energy consumption and more NES techniques would be needed to justify their use.
Observation-5: The NES gains of long periodicity SSBs in the simulation results of TR 38.864 are compared to 20ms SSB transmission periodicity as the baseline and refer to joint static adaptation of SSB/SIB/RACH/RO monitoring periodicities. Relatively high network energy saving gain of 53.6%~7.1% and 83.6%~3.4%, depending on the traffic load is shown because the baseline periodicity is so short.
Proposal-7: Do not support introduction of new SSB burst periodicity value(s) that are longer than currently supported maximum value (160ms) unless clear NES gains are demonstrated.
Proposal-8: Do not support introduction of new SSB burst periodicity value(s) that are shorter than currently supported minimum value (5ms).
All aforementioned approaches could be applied individually to one or more SSBs in an SSB-burst, resulting in changing the number of SSBs in the SSB burst. However, that would imply adaptation of SSB in the spatial domain which is out of scope of this objective. Moreover, if considered, new L1/L2 signaling could be introduced to make adaptation faster versus current approaches of SI update or RRC reconfiguration, e.g., new group common DCI. In practice, the gNB would not send some of the SSBs, but would send L1/L2 control signalling to adapt the number of SSBs in SSB burst. However, NES gain may be marginal if frequent L1/L2 signalling is needed and legacy UEs would not understand the new signalling.
Proposal-9: Do not support adapting the transmitted number of SSBs within a SSB burst and introducing new L1/L2 signaling for it.
Adapting the SSB burst in the time domain using compact SSB transmission patterns in the time domain, which implies changing the position of SSB transmission within the SSB burst, results in changing the design principles of the SSB-burst.  
The design of the legacy SSB is specified in detail in the current specifications. Multiple legacy SSBs are time-multiplexed and transmitted as SS-burst sets. Depending on the carrier frequency, the SSB-burst set design foresees a maximum number of SSBs transmitted in an SS-burst set, and thus a maximum number of beams over which the SSB is swept. Moreover, depending on the numerology used in the cell, the possible location for transmitting these SSBs within an SS-burst set corresponds to specific symbols indexes, while allowing for only up to two SSBs to be transmitted per slot and for other slot symbols to be used for downlink (DL) or uplink (UL) transmission other than SSB. 
Observation-6: In the legacy design, the SSB-burst consists of multiple SSBs, the number of which is determined by the carrier frequency and the location of which within the burst is determined by the numerology used in the cell.
Changing the SSB-burst design would have a negative impact on the cell search procedure of the legacy UEs and several specification changes will have to be considered. Based on this, it is our view that changing the legacy SSB-burst design is left out of release 19.
Proposal-10: Do not support new SSB burst design, including new compact SSB burst(s) or adapting the position of SSBs within an SSB burst.
Finally, skipping/transmitting some SSB bursts non-uniformly with single SSB configuration mainly aims at maintaining the synchronization performance of UEs in RRC idle/inactive mode by allowing them to monitor minimum needed number of SSBs just before a paging occasion. This implies that non-uniform SSB-burst transmissions may be triggered or that some SSB bursts are dismissed (skipped) by the network in order to not only ensure synchronization of UEs, but also enhance network energy savings. In order to further enhance network energy savings, modified bitmap of transmitted of SSB burst could be scheduled by the gNB. 
However, an approach of same functionalities which includes the transmission of TRSs instead of SSBs, is already part of Rel-17 specification [TS 38.331]. In detail, a gNB may configure transmission of TRSs to be detected by UEs in RRC idle/inactive before a paging occasion so as to ensure their synchronization. The TRS occasions configuration is provided SIB17 and the availability of TRS in the TRS occasions is indicated by TRS availability indication of DCI format 2_7. Moreover, this solution can be configured along with long transmission periodicities of SSBs. As a result, there is no need to further analyze this mechanism. 
Proposal-11: Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration, to be deprioritized for UEs in RRC idle/inactive because mechanism to synchronize UEs just before PO is already specified based on TRS. 

Adaptation of PRACH in time domain
The network defines random access opportunities (RO) by the totalNumberOfRA-Preambles that the UE can select from to send a preamble and the prach-ConfigurationIndex which provides the UE details on the transmission of the selected preamble. In details, each prach-ConfigurationIndex as specified in TS 38.211 in tables 6.3.3.2-2 to 6.3.3.2-4. Each corresponds to a RO distribution which is defined by radio frame index, subframe number within the frame and starting symbol within the slot.
There are two types of PRACH that can be configured: 
· PRACH associated with CBRA configured by cell-specific signaling 
· PRACH associated with CFRA configured by UE-dedicated signaling
The PRACH adaptation should primarily target CBRA procedures. If time allows, we could study PRACH adaptation associated with CBRA procedures as well.
Proposal-12: RAN1 to prioritize PRACH adaptation solution(s) that are applied to CBRA. FFS whether to study PRACH adaptation solutions for CFRA.
The likelihood that cells are designed to only serve R19 UEs is low; thus, the PRACH adaptation should be applicable to cells that support both legacy and Rel-19 (NES-capable) UEs. 
Proposal-13: PRACH adaptation should be applicable to cells that support both legacy and Rel-19 UEs.

PRACH adaptation scheme
As per the latest RAN1#117 meeting outcome, it was agreed to support at least the PRACH adaptation based on additional PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any). It was also noted that NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs. 
Based on our understanding, the configuration of additional PRACH resources can be illustrated as per Figure 1 where NES-capable UEs are provided with additional PRACH resources (in green boxes) that are different from the legacy PRACH resources (blue boxes). Assuming that the legacy UEs are configured with prach-ConfigurationIndex=5, NES-capable UEs can be configured with additional PRACH resources as per prach-ConfigurationIndex=17, which overlap with the PRACH resources for legacy UEs. For example, subframe number 4 of frame 0 can be used by both legacy and NES-capable UEs for initiating RACH. 
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[bookmark: _Ref162336324]Figure 1: Illustration of the PRACH adaptation based on the configuration of additional PRACH resources (overlapping with legacy PRACH resources).
From a NW energy saving perspective, any additional PRACH resources on top of legacy PRACH resources will increase the NW energy consumption due to additional PRACH occasions monitoring and/or reception, particularly with the design shown in Figure 1, where the BS has to wake up more often for legacy PRACH monitoring occasions and also for the additional PRACH occasions when enabled.
Observation-7: From NW energy saving perspective, any additional PRACH resources on top of legacy PRACH resources may consume more NW energy for additional PRACH occasions monitoring and/or reception. 
Proposal-14: RAN1 to specify the PRACH adaptation based on additional PRACH resources for NES-capable UEs only for the case that the network energy saving gains are justified. 
One alternative approach to enable the additional PRACH resources with minimized impact to NES gains is to associate them with the legacy PRACH occasions, where the additional resources are contiguous in time and/or frequency domain to the legacy PRACH resources or overlapping with legacy PRACH resources. And with this approach, the monitoring occasions are compact in time and/or frequency, which may provide longer BS sleeping opportunities and to achieve better energy saving, with no impact on legacy UEs (that are not aware of these additional PRACH resources).
Observation-8: It would be beneficial to define the additional PRACH resources for NES-capable UEs contiguous in time and/or frequency domain to the legacy PRACH resources or overlapping with legacy PRACH resources to mitigate from negative impact to NES gains. 
This could be achieved by legacy means, i.e. configuring a dedicated prach-ConfigurationIndex that provides subframes number(s) contiguous to those of the legacy PRACH. One example is shown in Figure 2 where NES-capable UEs are configured with prach-ConfigurationIndex=11 while legacy UEs are configured with legacy prach-ConfigurationIndex=12. 
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[bookmark: _Ref165379328]Figure 2: Illustration of the PRACH adaptation based on the configuration of additional PRACH resources  (contiguous in time domain with legacy PRACH resources) using legacy means.
Note that this cannot be achieved with all existing PRACH configurations as listed in tables of TS 38.211 and RAN1 does not intend to define new PRACH configurations, nor to change the existing ones, as noted in the latest agreement. Hence, this legacy approach is not flexible enough and we need to define new mechanism to configure these additional PRACH resources that should be contiguous with legacy PRACH resources as illustrated in Figure 3 regardless of the PRACH configuration for legacy UEs. 
The additional PRACH resources can be in a form of additional time domain resources, e.g. additional subframes, and/or additional frequency domain resources, e.g. additional PRBs and/or additional preambles dedicated for NES-capable UEs. The definition of additional PRACH resources in time domain would the least preferred option because it increases the NW energy consumption due to additional subframes for UL monitoring/reception instead of microsleep. However, by considering additional PRACH resources in frequency domain, the increase in the energy consumption is negligeable as the subframe is already considered for legacy UL activities. The additional PRACH in a form of dedicated preamble would have no impact in terms of energy consumption as it is up to configuration. 
Observation-9: The configuration of additional PRACH resources for NES-capable UEs contiguous in time domain to the legacy PRACH resources using legacy means can only be achieved with a subset of existing PRACH configuration as per tables in 38.211. 
Proposal-15: The additional PRACH resources for NES-capable UEs shall be in a form of additional time domain resources, e.g. additional subframes, and/or additional frequency domain resources, e.g. additional PRBs and/or additional preambles dedicated for NES-capable UEs. 
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Figure 3: Illustration of the PRACH adaptation based on the configuration of additional PRACH resources (contiguous in time and/or frequency domain(s) with legacy PRACH resources).
Furthermore, regarding configuration of the additional PRACH resources, it has been agreed in RAN1#116bis that the configuration of the additional PRACH resources is provided by semi-static signaling. Moreover, the adaptation mechanism for additional PRACH resources is still FFS. To our view, to enable the flexible adaptation of PRACH resources, with one way, the NW gNB may configure a list of new PRACH configurations containing different patterns of additional resources to the R19 NES UEs, and based on the needs in practice, for adapting of the additional PRACH resource in time domain, the gNB may enable one of the new PRACH configurations to the R19 NES UEs, either via semi-static RRC signaling or dynamic DCI-signaling. The R19 NES UEs having two PRACH configurations may use both additional PRACH resources and PRACH resources for legacy UEs, and prioritization rules can be applied for R19 NES UEs to select one of the PRACH configurations, either the enabled new PRACH configuration containing additional PRACH resources or legacy PRACH configuration containing the PRACH resources for legacy UEs.
Proposal-16: A list of new PRACH configurations containing different patterns of additional resources can be configured to the R19 NES UEs.
Proposal-17: For adapting of additional PRACH resources in time domain, one of the new PRACH configurations can be enabled either via semi-static RRC signaling or dynamic DCI-signaling.

Triggering conditions
Based on the RAN1#116 meeting outcome, it was agreed that the support of PRACH adaptation is at least provided by NW without UE trigger. Particularly for the adaptation based on additional PRACH resources for NES-capable UEs, the trigger could be by NW implementation e.g. based on the NW load condition. For example, in order to enable more UEs to successfully initiate access in the cell and/or to reply to paging, more PRACH resources can be made temporarily available, without any assistance from the UE.
Observation-10: It would be beneficial to enable additional PRACH resources based on the NW load condition. 
Proposal-18: RAN1 to confirm that only NW-triggered PRACH adaptation shall be specified in R19.

Signaling aspects
As per the latest RAN1#117 meeting outcome, it was agreed that the adaptation mechanisms are to be applied for RRC Idle/Inactive and RRC connected UEs and the configuration of additional PRACH resources is provided by semi-static signalling.
For the (de)-activation of these additional PRACH resources, a dynamic signaling mechanism would be required and ideally designed for monitoring by UEs regardless of their RRC states, e.g. paging information (paging DCI or EPI) can be used.
Proposal-19: RAN1 to prioritize dynamic signaling for PRACH adaptation. FFS to study the following:
· whether the same signaling should be considered for UEs in RRC Idle/Inactive and RRC connected state. 
· whether paging information could be used to indicate the (de)-activation of the additional pre-configured PRACH resources for NES-capable UEs.

Impact on legacy UEs
As noted in the WID, there shall be no negative impact to legacy UEs, unless significant benefits are shown. Thus, the impact on legacy UEs shall be carefully evaluated when selecting the solutions for PRACH adaptation for specification.
Proposal-20: No impact on legacy UEs shall be allowed when solutions for PRACH adaptation are being specified in RAN1.
As per the latest RAN1#11 meeting outcome, it was agreed that the SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs. Thus, we don’t see any impact on legacy UEs when additional PRACH resources are enabled for NES-capable UEs, even when they overlap in both time and/or frequency with the PRACH resources for legacy UEs.
Regarding the SSB to RO mapping for additional PRACH resources, as a starting point, the same rules shall be applied as per legacy procedures.
Proposal-21: As a starting point, the SSB-RO mapping for the additional PRACH resources should follow the legacy procedures. 

2.3 Adaptation of paging occasions
At RAN1 #116 the following was agreed:
	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



The paging procedure is developed and maintained by RAN2 in TS 38.304 and TS 38.331. The monitoring for paging has RAN1 impact since it is based on the UE monitoring PDCCH for a DCI scrambled with P-RNTI in a configured search space. However, since RAN2 just recently started the work on the topic of adaptation of paging occasions we propose RAN1 shall postpone any work until RAN2 has made further progress. This is also in light of not expecting any changes to the search space configuration nor the SSB to achieve the NES goal of the objective.
Observation-11: Confining paging occasions in the time domain is primarily a RAN2 task.
Observation-12: Changes to the search space configuration and SSB are not expected to be required to achieve the goal of the paging occasion adaptation objective.
Proposal-22: RAN1 is to postpone work on paging occasion adaptation until RAN2 has made progress on the topic.

2.3.1 PRACH Adaptation in time domain in conjunction with adaptation of paging occasions
The PRACH load level will inherently increase if the paging occasions are confined in time domain. This is because the UEs will have to be paged during such confined time period, thereby causing the UEs to respond to the paging also in a confined time interval.
Proposal-23: RAN1 to consider PRACH adaptation in time domain to spread PRACH load when paging occasion adaptation is used.

2.4 Study adaptation of PRACH in spatial domain
In practice, UEs are not uniformly distributed in space and time within the cell coverage. Hence, some SSBs are expected to be more loaded (with more UEs) than other SSBs at a given period of time, as shown in Figure-1, where three UEs are located in the coverage of SSB beam #1, one UE is located in the coverage of SSB beam # 3, and none of the UEs is located in the coverage of SSB beam # 2 and #4.
	

Figure-1: Example of un-balanced UE distributions across the SSBs of a cell

	

Figure 2: uniform PRACH resource per SSB


In legacy NR, the PRACH resources allocation per SSB beam is uniformly distributed, where the gNB can only assign the same number of ROs and preambles to each SSB (e.g. one RO and set of preambles within the RO per SSB), as shown in Figure-2. Under such configuration with scenario shown in Figure-1, there is higher access collision probability for the UEs in SSB Beam #1 coverage, where the assigned RO #2 and RO #4 are actually useless and consequently result in energy consumption waste for the NW due to unnecessary receiving operations. Thus, practically it is more sensible to have non-uniform PRACH resources allocation across different SSBs and it would be beneficial for both the network and UE. This is especially valid if a prediction on the UE location is possible, e.g., based on statistics about occurred RACHs associated to each SSB. For example, with scenario shown in Figure-1, more ROs (e.g. two ROs) could be mapped to the SSB #1 having a higher load and the remining SSBs could share fewer ROs (e.g. a single RO), as shown in Figure-3, where one RO can be saved in time-domain compared to uniform allocation, which increases the radio resource utilization while reduces NW power consumption.
	

Figure 3: Non-uniform PRACH resource per SSB


Observation-13: In practice, it can be sensible to have non-uniform PRACH resource allocation across different SSBs. However, the benefits in terms of network energy saving need to be further investigated and evaluated. 

Study the potential gain from PRACH adaptation in spatial domain:
Assuming the agreed framework for network energy evaluation, we illustrate in Figure 4 Case C1 vs Case B1/A1-1/A1-2 where the following parameters are considered:
· Legacy PRACH configuration provided for all UEs uniformly across all SSBs. Case A1-1 and A1-2 refer to legacy prach-ConfigurationIndex=5 and 17, respectively,
· Case B1: Time domain PRACH adaptation is based on additional PRACH resources configured for NES-capable UEs, made available uniformly across all SSBs,
· Case C1: Time and Spatial domain PRACH adaptation is based on additional PRACH resources configured for NES-capable UEs non-uniformly distributed across SSBs,
· Number of SSBs=8,
· Msg1-FDM =1,
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB=eight, one half.
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Figure 4-1: Baseline of Case A1-1
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Figure 4-2: Baseline of Case A1-2 (8 beams with the same RO)
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Figure 4-3: PRACH Time-domain adaptation on additional PRACH resources
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Figure 4-4: PRACH Time&Spatial-domain adaptation on additional PRACH resources
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Figure 4-5: PRACH Time&Spatial-domain adaptation with muting on additional PRACH resources

Based on our first observations of these different cases, enabling Case C1 (Fig. 4-4) and/or Case B1 (Fig. 4-3) will result in additional PRACH resources to be monitored, and consequently consume more extra NW energy, as compared to the baseline A1-1 (Fig. 4-1). So, the time and/or spatial PRACH adaptation will result in negative NES gains as compared baseline A1-1.
Assuming that the RO monitoring across all mapped SSBs is done simultaneously, potential energy efficiency saving gains can be foreseen for muting these PRACH resources instead of reducing the number of SSBs mapped to ROs, as BS will still have to monitor for these RO. For instance, by considering A1-2 as a baseline (Fig. 4-2), potential NES gain can be achieved from muting some of the additional ROs as shown in Fig. 4-5 in grey boxes, as compared to always on ROs in blue boxes, shown in Fig. 4-4.
The NES gains can be estimated based on the BS power consumption model described in TR 38.864 and SET 1 as reference BS configuration. Assuming an observation period of 20ms, which is a typical PRACH periodicity, less than 1% with CAT-2 type of BS vs. 1,25% with CAT-1 type of BS can be obtained by instantaneously muting a PRACH occasion which implies converting the state of the BS and its corresponding power tag from Active UL to micro-sleep.
Observation-14: No NES gains shall be expected from enabling spatial and/or time domain adaptation of PRACH (Case C1 and/or Case B1), as compared to legacy case A1-1.
Observation-15: No NES gains shall be expected from spatial domain adaptation of PRACH by reducing the number of SSBs mapped to ROs, the potential NES gains are expected from muting ROs.
Observation-16: Negligible NES gains from muting ROs can be achieved over a typical PRACH periodicity of 20ms by instantaneous switching one or more slots from Active UL (for PRACH monitoring/reception) to micro-sleep.

Conclusions
In this contribution, we have the following observations and proposals:
Proposal-1: Adaptation of SSB transmissions should not result in dropping of any SSBs that legacy UEs expect to receive.
Proposal-2: SSB adaptation methods that allow only R19 UEs to access the cell should not be prioritized. 
Observation-1: The adaptation of SSB in time domain can be indicated to all Rel-19 NES capable UEs in the cell so that they can use the additional SSBs for measurements, along with the legacy SSBs, for T/F synchronization etc and be aware that those resources are not available for PDSCH.
Observation-2: Time domain adaptation of SSBs should be applicable to both SCell and PCell.
Proposal-3: Support adaptation of SSB burst transmission periodicity for multi-carrier scenarios (PCell, SCell) and for UEs in RRC connected.
Proposal-4: Consider adaptation of both CD-SSB and NCD-SSB in a cell that supports both legacy and Rel-19 NES capable UEs.
· Do not consider adaptation of CD-SSBs periodicity to values above 20ms.
· Observations-3: One use case scenario where the network may dynamically activate a second SSB configuration on top of a first one, e.g., to enable faster UE measurement, is the activation of an SCell.
Proposal-5: Support adaptation based on two SSB configurations where up to two configurations can be active, for multi-carrier scenarios and for UEs in RRC connected.
Observation-4: Adaptation based on two SSB configurations has general applicability and potential Cell DTX adaptations are only a subset of this mechanism with applicability dependent on network implementation. 
Proposal-6: Specify SSB adaptation based on two configurations independently of Cell DTX operation.
Observation-5: The NES gains of long periodicity SSBs in the simulation results of TR 38.864 are compared to 20ms SSB transmission periodicity as the baseline and refer to joint static adaptation of SSB/SIB/RACH/RO monitoring periodicities. Relatively high network energy saving gain of 53.6%~7.1% and 83.6%~3.4%, depending on the traffic load is shown because the baseline periodicity is so short.
Proposal-7: Do not support introduction of new SSB burst periodicity value(s) that are longer than currently supported maximum value (160ms) unless clear NES gains are demonstrated.
Proposal-8: Do not support introduction of new SSB burst periodicity value(s) that are shorter than currently supported minimum value (5ms).
Proposal-9: Do not support adapting the transmitted number of SSBs within a SSB burst and introducing new L1/L2 signaling for it.
Observation-6: In the legacy design, the SSB-burst consists of multiple SSBs, the number of which is determined by the carrier frequency and the location of which within the burst is determined by the numerology used in the cell.
Proposal-10: Do not support new SSB burst design, including new compact SSB burst(s) or adapting the position of SSBs within an SSB burst.
Proposal-11: Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration, to be deprioritized for UEs in RRC idle/inactive because mechanism to synchronize UEs just before PO is already specified based on TRS. 
Proposal-12: RAN1 to prioritize PRACH adaptation solution(s) that are applied to CBRA. FFS whether to study PRACH adaptation solutions for CFRA.
Proposal-13: PRACH adaptation should be applicable to cells that support both legacy and Rel-19 UEs.
Observation-7: From NW energy saving perspective, any additional PRACH resources on top of legacy PRACH resources may consume more NW energy for additional PRACH occasions monitoring and/or reception. 
Proposal-14: RAN1 to specify the PRACH adaptation based on additional PRACH resources for NES-capable UEs only for the case that the network energy saving gains are justified. 
Observation-8: It would be beneficial to define the additional PRACH resources for NES-capable UEs contiguous in time and/or frequency domain to the legacy PRACH resources or overlapping with legacy PRACH resources to mitigate from negative impact to NES gains. 
Observation-9: The configuration of additional PRACH resources for NES-capable UEs contiguous in time domain to the legacy PRACH resources using legacy means can only be achieved with a subset of existing PRACH configuration as per tables in 38.211. 
Proposal-15: The additional PRACH resources for NES-capable UEs shall be in a form of additional time domain resources, e.g. additional subframes, and/or additional frequency domain resources, e.g. additional PRBs and/or additional preambles dedicated for NES-capable UEs. 
Proposal-16: A list of new PRACH configurations containing different patterns of additional resources can be configured to the R19 NES UEs.
Proposal-17: For adapting of additional PRACH resources in time domain, one of the new PRACH configurations can be enabled either via semi-static RRC signaling or dynamic DCI-signaling.
Observation-10: It would be beneficial to enable additional PRACH resources based on the NW load condition. 
Proposal-18: RAN1 to confirm that only NW-triggered PRACH adaptation shall be specified in R19.
Proposal-19: RAN1 to prioritize dynamic signaling for PRACH adaptation. FFS to study the following:
· whether the same signaling should be considered for UEs in RRC Idle/Inactive and RRC connected state. 
· whether paging information could be used to indicate the (de)-activation of the additional pre-configured PRACH resources for NES-capable UEs.
Proposal-20: No impact on legacy UEs shall be allowed when solutions for PRACH adaptation are being specified in RAN1.
Proposal-21: As a starting point, the SSB-RO mapping for the additional PRACH resources should follow the legacy procedures. 
Observation-11: Confining paging occasions in the time domain is primarily a RAN2 task.
Observation-12: Changes to the search space configuration and SSB are not expected to be required to achieve the goal of the paging occasion adaptation objective.
Proposal-22: RAN1 is to postpone work on paging occasion adaptation until RAN2 has made progress on the topic.
Proposal-23: RAN1 to consider PRACH adaptation in time domain to spread PRACH load when paging occasion adaptation is used.
Observation-13: In practice, it can be sensible to have non-uniform PRACH resource allocation across different SSBs. However, the benefits in terms of network energy saving need to be further investigated and evaluated. 
Observation-14: No NES gains shall be expected from enabling spatial and/or time domain adaptation of PRACH (Case C1 and/or Case B1), as compared to legacy case A1-1.
Observation-15: No NES gains shall be expected from spatial domain adaptation of PRACH by reducing the number of SSBs mapped to ROs, the potential NES gains are expected from muting ROs.
Observation-16: Negligible NES gains from muting ROs can be achieved over a typical PRACH periodicity of 20ms by instantaneous switching one or more slots from Active UL (for PRACH monitoring/reception) to micro-sleep.
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