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Introduction
In RAN#103, a revised work item “Enhancements of network energy savings for NR” was agreed [1]. The objectives of the work item regarding potential adaptations of common signals and channels and some agreements from previous RAN1 meetings are captured as follows:
	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 

For adaptation of SSB in time-domain
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

Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)

Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration

Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· [bookmark: _Hlk164286497]Option A3: adaptation for SSB not on sync raster
· Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized 

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

For adaptation of PRACH in time-domain
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 
· 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)

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

For adaptation of paging
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





Discussion
Adaptation of SSB in time domain
Up to Release 18, RRC can configure one of the following SSB periodicities for a cell (by parameter ssb-PeriodicityServingCell): {5, 10, 20, 40, 80, 160} ms, even though for initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 20 ms. In the study, few evaluations [2] have shown power savings going beyond 160 ms.
In case SSB periodicities longer than 160 ms should be specified, legacy UEs will not understand the longer periodicity, and consequently depending on the (legacy) SMTC configuration the measurements by such UEs may be more or less faulty – effectively it appears as if SSBs were skipped by the gNB. One way to resolve this problem could be to declare such a cell as an SSB-less cell for legacy UEs, however there are tight requirements to derive timing etc. from a reference cell in this case. An alternative would be to limit such longer periodicities to cells where legacy UEs are not configured, e.g. if the UE operates in CA. Conversely, we don’t see a benefit for network energy saving by specifying additional periodicities up to 160 ms, i.e. the current set of values up to 160 ms is sufficient.
In case a longer SSB periodicity than 160 ms is adopted, the SMTC periodicity configuration should be adapted likewise.
Observation 1: Defining longer SSB periodicities than 160 ms may affect the accuracy. An operation option to avoid this at least for CA could be to not configure legacy UEs with SCells that have a periodicity longer than 160 ms.
Proposal 1: If a SSB periodicity longer than 160 ms is adopted, the SMTC periodicity configuration should be adapted likewise. No additional periodicities up to 160 ms need to be adopted.
Another aspect of SSB time domain adaptation is to compress the SSB transmissions for different beams, i.e. different SSB Indices, to be transmitted on the same slot of a half-frame. This would allow the gNB to save energy since it doesn’t have to transmit in fewer slots; however a UE would need to be capable of conducting the measurements in parallel of course. This may require the introduction of a UE capability.
Proposal 2: Consider multiple SSB transmissions (with different index) within the same slot of a half-frame to limit the time the gNB needs to transmit signals for enhanced energy saving.
Thirdly, SSBs of different SSB indices within a half frame can be transmitted with different periodicities to reduce ON time. If a gNB determines that there is no or few RRC connected UEs served by a subset of SSBs and/or that there are very few UEs in locations related to the subset of SSBs in a cell, the gNB can configure a longer periodicity (e.g. 320ms) for the subset of SSBs. 
When gNB transmits SSBs of different SSB indices with different SSB periodicities, gNB may indicate the shortest periodicity among the different SSB periodicities in the parameter ssb-PeriodicityServingCell for legacy UEs. For a SSB that is transmitted with a longer periodicity than the periodicity provided by ssb-PeriodicityServingCell, the legacy UE may assume that the SSB is present even though the SSB was not transmitted. It is expected that a RSRP measurement value for the corresponding SSB reflects the mismatched UE assumption (e.g. a very low RSRP value due to absence of SSB), and eventually the legacy UE would select another SSB which is transmitted with a shorter SSB periodicity or better matched to the UE assumption of SSB transmission pattern. 
[bookmark: _Hlk115033903]Observation 2: Even though there is a mismatch between an actual SSB transmission periodicity and legacy UE’s assumption, legacy UEs would not select a SSB not being transmitted based on measurement. 
Proposal 3: Support SSB transmission with multiple SSB periodicities for multiple SSB subsets, each SSB periodicity applicable to each SSB subset. 
Finally, we think Rel-19 NES should allow gNB to flexibly adjust a SSB transmission pattern within a half frame. gNB may estimate current UE locations based on 3GPP/non-3GPP positioning technologies, CSI reporting, mobility measurement reporting, and other means. This information can be further used to accordingly adapt the SSB transmission pattern within a half frame for network energy savings.
In NR, information corresponding to time domain positions of transmitted SSBs in an SSB burst of a cell, provided by ssb-PositionsInBurst, is signaled in SIB1 or in a dedicated RRC message. When gNB changes the time domain position of transmitted SSBs (e.g. by turning off a first set of SSBs and turning on a second set of SSBs) in the SSB burst or changes the SSB periodicity(s), the update mechanism so far requires the gNB to update SIB1 and indicate system information modification via a Short Message in paging DCI. Upon detecting a paging DCI indicating the system information modification, a UE re-acquires SIB1 and accordingly, can obtain the updated time domain SSB position and/or SSB periodicity(s) information. This is not a suitable mechanism to flexibly adjust the SSB transmission pattern on an ‘as-needed’ basis.
For Rel-19 NR, we suggest that the UE can receive information corresponding to time domain positions of transmitted SSBs in an SSB burst from DCI. That is, SSBs semi-statically indicated by ssb-PositionsInBurst as being transmitted can be further dynamically indicated as being omitted or being added back as frequently as in every 160ms for network power savings. 
Observation 3: Dynamic indication of transmitted SSBs in a SSB burst allows dynamic omission of SSBs for a certain duration. 
Proposal 4: Support DCI-based indication of transmitted SSBs in a SSB burst for network power savings. 

Adaptation of PRACH in time domain
Similar to findings presented in the TR on network energy savings in NR, we expect that longer RO periodicities may be supported for Rel-19 UEs with limited impact on legacy UEs; the legacy UEs may still follow the shorter RO periodicity which implies that not each of the transmitted PRACH preambles will be answered by the gNB.
We note that an increase beyond a PRACH periodicity of 40 ms was shown with rather diminishing returns on the energy saving effect. Therefore, considering also the impact on legacy UEs, we think there is insufficient motivation to support a PRACH periodicity beyond 40 ms.
Proposal 5: New PRACH periodicities should be limited to {20 ms, 40 ms}.
[bookmark: OLE_LINK168]
According to the RAN1#116bis agreements, the configuration of additional PRACH resources is provided by semi-static signalling. Even though the resources as such will be configured semi-statically, it is open how these additional resources are activated (or triggered). We think the activation is best facilitated by physical layer signalling, such as provided by a DCI. The most suitable DCIs are the DCI indicating a paging message or a RACH order (PDCCH order). We think both these have their own justified scenarios: When paging a UE, the network may want to activate the additional PRACH resources if the regular PRACH resources are configured with a large periodicity. Also, whenever the network sees a need to order a UE to transmit a PRACH, the UE’s transmission should not need to wait for an unnecessary long time until the next ‘legacy’ RO becomes available.
Proposal 6: Activation of additional PRACH resources is supported both by a paging DCI as well as by a RACH order DCI.
Furthermore, an NES-capable UE can use both the additional as well as legacy resources. Currently we don’t see a need to guarantee that these two sets of resources never overlap, as this would impose a burden on the network flexibility for planning RACH resources. Whether an overlap is actually creating a problem could be further studied in RAN1 (and in RAN2); however even then a standardised solution, such as a UE procedure for handling an overlap, may not be required.
Proposal 7: There is no need to guarantee no overlap between additional PRACH resources and existing PRACH resources. Even if there is an ambiguity resulting from an overlap, it is not immediately obvious if this creates a problem for the overall RACH procedure operation.
Additionally, new features and feature combinations have been introduced in Rel-17 and Rel-18, e.g., RedCap, Msg3 repetition, small data transmission etc. The gNB may configure separate ROs for a new feature or a feature combination. In this case, PRACH resource adaptation can be applicable for a specific feature and this is beneficial for gNB power saving. 
Proposal 8: RAN1 to discuss whether and how PRACH adaptation is applicable for a feature or a feature combination.

Adaptation of paging occasions
[bookmark: OLE_LINK29]In NR, the configurations for paging are broadcasted through PCCH-Config in SIB1. The gNB could configure the duration of paging cycle, the number of paging frames per paging cycle and the number of paging occasions per paging frame, etc. If multiple paging frames are configured per paging cycle, the paging frames are evenly distributed in each paging cycle. In this case, the gNB might need to wake-up in each paging frame to transmit paging messages. Such frequent wake-up may lead to higher power consumption in gNB. Besides, it should be noted that NR supports paging in a tracking area. A tracking area contains one or multiple cells and once a UE in the tracking area is paged, each cell in the tracking area should broadcast paging messages regardless of whether the UE is within its coverage. This is another factor contributing to frequent wake-up and transmissions of a gNB.
If the paging frames or paging occasions can be allocated in a time consecutive manner, instead of spreading evenly in the paging cycle, the gNB could reduce the number of wake-up times and might have more chance to be in a deeper sleep mode. However, such kind of allocation is not supported by current NR and is not backward compatible. To achieve time consecutive allocation of paging frames (or paging occasions) without impact to legacy UEs, one way is to introduce separate configurations of paging frames (and therefore dedicated paging occasions) for Rel-19 UEs. The paging configurations for legacy UEs are not changed. The separate configured paging frames (and paging occasions) for Rel-19 UEs could be allocated flexibly, e.g., to follow the paging frames (or the paging occasions) of legacy UEs. The gNB might need to know whether there are UEs supporting dedicated paging occasions before configuration. This can be achieved during UE registration procedure, i.e., UE reporting to CN such capability through NAS signaling, the details would be outside of RAN1’s responsibility though. The procedure can be similar to UE reporting of CN controlled UE subgrouping, which was introduced during Rel-17 PEI discussion.   
Proposal 9: Separate configurations of paging frames and paging occasions for Rel-19 UEs are supported. The Rel-19 paging frames (and paging occasions) can be allocated to follow the paging frames (and paging occasions) of legacy UEs.
Conclusion
In summary, we have following observations and proposals:
Observation 1: Defining longer SSB periodicities than 160 ms may affect the accuracy. An operation option to avoid this at least for CA could be to not configure legacy UEs with SCells that have a periodicity longer than 160 ms.
Proposal 1: If a SSB periodicity longer than 160 ms is adopted, the SMTC periodicity configuration should be adapted likewise.
Proposal 2: Consider multiple SSB transmissions (with different index) in within the same slot of a half-frame to limit the time the gNB needs to transmit signals for enhanced energy saving.
Observation 2: Even though there is a mismatch between an actual SSB transmission periodicity and legacy UE’s assumption, legacy UEs would not select a SSB not being transmitted based on measurement. 
Proposal 3: Support SSB transmission with multiple SSB periodicities for multiple SSB subsets, each SSB periodicity applicable to each SSB subset. 
Observation 3: Dynamic indication of transmitted SSBs in a SSB burst allows dynamic omission of SSBs for a certain duration. 
Proposal 4: Support DCI-based indication of transmitted SSBs in a SSB burst for network power savings. 
Proposal 5: New PRACH periodicities should be limited to {20 ms, 40 ms}.
Proposal 6: Activation of additional PRACH resources is supported both by a paging DCI as well as by a RACH order DCI.
Proposal 7: There is no need to guarantee no overlap between additional PRACH resources and existing PRACH resources. Even if there is an ambiguity resulting from an overlap, it is not immediately obvious if this creates a problem for the overall RACH procedure operation.
Proposal 8: RAN1 to discuss whether and how PRACH adaptation is applicable for a feature or a feature combination.
Proposal 9: Separate configurations of paging frames and paging occasions for Rel-19 UEs are supported. The Rel-19 paging frames (and paging occasions) can be allocated to follow the paging frames (and paging occasions) of legacy UEs.
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