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Introduction
The RAN WG approved work item on Enhancements of network energy savings (NES) for NR [1], that includes the following objective:
	1. 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 


In this contribution, we discuss issues related to support of adaptation of common signal and channel transmission for NES and provide our proposals and observations on the topic.
Discussions
0. Adaptation of SSB in time domain
There were limited discussions for supporting adaptation of SSB in time domain in RAN1 #116. The following are list of agreements from RAN1 #116 related to 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 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


The agreements from last RAN1 meeting, list up couple of adaptation mechanisms for further study. Among the adaptation mechanisms, adaptation the SSB periodicity for longer periodicities compared to the current specification is something that were studied during the Rel-18 study item. In our previous contribution [2], changing SSB burst periodicity form 40 msec to 160 msec along with other common signals and channel may improve average power consumption by 40%. However, changing SSB burst periodicity from 160 msec to 640 msec only results in additional 5% average power consumption. Showcasing that there is diminishing return of power consumption reduction for increasing SSB burst periodicities. In fact, increasing the SSB burst periodicities beyond 160 msec may have limited power consumption reduction improvements while impacting measurement latencies and accuracies.
In order to minimize the negative impact to measurement requirements for SSB based measurements from leveraging long SSB burst periodicities, we suggest to further consider support of second SSB periodicities with relatively short time offset between the two SSB burst periodicities. The second SSB transmission pattern could be superimposed on top of legacy SSB transmissions configured with long periodicity, such as 160 msec. The newly added SSB transmission patterns could be designed such that it can be only understandable by Rel-19 NES-capable UEs. An example illustration of the second option is shown in Figure 1. 
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[bookmark: _Ref158818623]Figure 1. Example illustration of additional SSB transmission patterns.

With such addition of secondary SSB burst periodicity it may be possible to limit the impact to legacy UEs. The Rel-19 NES-capable UE would benefit operations from the additional SSB transmissions, such as lower SSB acquisition latency and improved measurement quality. Power would be saved for the network in low load scenarios, as the gNB could leverage longer SSB periods in general. 

Proposal 1:
· RAN1 to consider support of a second SSB transmission pattern that could be superimposed on top of the first SSB transmission periodicity.
· The second SSB transmission pattern should allow two consecutive SSB bursts to be relatively spaced together in time. 
· FFS how to handle impact (if any) to non- Rel-19 NES capable UEs

0. Adaptation of PRACH in time domain
The following are list of agreements regarding adaptation of PRACH from RAN1 #116.
	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)



In general, PRACH resources is only occupied if there are corresponding UEs that require to transmit PRACH exists. While network can try to make estimates of expected PRACH load and configure appropriate resources for PRACH, it will be generally difficult to assess the required PRACH load dynamically and try to allocated PRACH resources accordingly. However, there are some limited use cases where gNB may have much more accurate prediction of PRACH loads at a given time. This is when gNB expect PRACH to be transmitted by UEs that are paged by the network and when UEs need to perform handover (HO).
In case, cells in a paging tracking area sends paging to large number of UEs, the network should be anticipating there will be PRACH shortly after paging are sent by the UE. For scenarios where gNB can expect high PRACH transmission opportunities, it may be possible for gNB to try to configure extra PRACH resources to handle such higher PRACH demands. Additionally, when gNB expects large number of UEs to be HO to a cell, gNB may try to configure extra PRACH resources to account for large number of contention free PRACH that will be required on top of regular PRACH demand. Such large HO scenarios could happen when the network decides to turn off a cell using Rel-18 NES-mode enablement (DCI format 2-9) which results in a large number of UEs to perform CHO.
For such scenarios where it may be possible for gNB to anticipate higher than usual PRACH resource demand, it may be beneficial to support gNB to allocate additional PRACH resources. This approach can introduce clustered PRACH occasions that are placed nearby or together to enable a longer sleep times of the gNB in low load situations. The new PRACH occasion patterns could be superimposed on top of legacy PRACH occasions with lower PRACH density. This would allow legacy UEs to be supported by the legacy PRACH occasions and Rel-19 NES-capable UEs to be supported by the new PRACH occasions. 
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Figure 2. Illustration of addition of additional bursty PRACH occasion resources
The placement of the of new PRACH resources will require further discussions. One method is to only allow new PRACH resources to be multiplexed in frequency domain in the same slots that already contain legacy PRACH resources. Alternative is to also support new PRACH resources to be defined in different slots (from the legacy PRACH slots). The latter approach could be beneficial if system is operating with limited uplink bandwidths.
 
Proposal 2:
· RAN1 to support additional PRACH resources that can be clustered in time domain
· FFS whether additional PRACH resources can be allocated as additional PRACH resources in frequency domain on slots that have been configured with PRACH resources, or whether to introduce additional PRACH resources in different slots.
· FFS supported PRACH resource pattern and resource configuration
· FFS impact on legacy UEs and how to multiplex legacy PRACH resources with newly introduced clustered PRACH resources

0. Study of adaptation of PRACH in spatial domain
The objective of the Rel-19 NES work item also includes a study of adaptation of PRACH in spatial domain. In this approach, gNB may make non-uniform allocation of the PRACH occasions for the different beams associated with different SSBs. Our past evaluation of this matter showed that different angular beams that are used by the gNB with a uniform distribution of UEs result in a non-uniform probability of UE arrival in the served area of different beams (see [3]). This means that the PRACH occasions for some beams could have a higher UE arrival rate than others. Therefore, optimizing PRACH occasion for each beam (and service area) could potentially optimize the total PRACH occasion resource leading to overall reduction in PRACH resources. The reduction of PRACH resources could aid gNB to conserve energy in low loaded scenarios. 
Figure 3 shows the beam selection probability when a gNB uses 2D angular domain beams for the SSBs and when the UEs are uniformly distributed in a hexagonal cellular deployment layout.
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[bookmark: _Ref158820406]Figure 3. beam selection probability with 2D angular domain beams for SSBs and uniformly UE distributed in a hexagonal cellular deployment layout.

Proposal 3:
· RAN1 to consider non-uniform resources assignment of PRACH occasions for different SSB beams, including evaluation of potential energy saving benefits
· FFS: details of non-uniform resource allocation for PRACH for each SSB beam

0. Adaptation of Paging Occasions
The following is agreement regarding adaptation of paging from RAN1 #116.
	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 adaption of paging occasions was one of the few NES techniques that have been studied and documented well as part of Rel-18 SI [4]. The current specification evenly spreads the paging occasion and paging frames across the time. This negatively impacts gNB’s ability to go to deeper sleep modes as gNB might need to wake up to send paging regardless of whether paged UEs are in its coverage area. It should be noted that from a UE perspective, not all paging occasions are used to monitor paging. The UE determines the paging frames based on its UE ID and IDLE mode DRX cycle periodicity. The numerous paging occasions distributed over time is to evenly spread the UEs that need to be paged to reduce the probability of paging overload. Even if the paging occasion are compressed together in time domain, it would not negatively impact paging latency from the UE perspective. An example of paging frames and its relationship with configuration parameter, N, and paging DRX cycle, T, is shown in Figure 4.
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[bookmark: _Ref158823802]Figure 4. Example illustration of paging frames.
From the network perspective, it is possible to support the same paging density by squeezing the paging frames and/or paging occasion slots to be in consecutive slots or frames. In such paging configuration, gNB does not necessarily need to wake up frequently to be able to transmit paging to UEs. As long as the total paging density is preserved, there would be no paging latency impact from the UE perspective. Figure 5 illustrates an example of introducing consecutive paging frames to increase periods between paging frames.
 [image: ]
[bookmark: _Ref158666625]Figure 5: Potential enhancement to concatenate paging frame/occasion into consecutive frames or slots while maintaining the same paging occasion density.

Proposal 4:
· RAN1 should consider techniques that allow compacting paging resources into consecutive slots/frames.

Conclusions
In this contribution, we have provided our views on adaptation of common signal/channel transmissions for network energy saving. In summary, we have the following list of proposals:

Proposal 1:
· RAN1 to consider support of a second SSB transmission pattern that could be superimposed on top of the first SSB transmission periodicity.
· The second SSB transmission pattern should allow two consecutive SSB bursts to be relatively spaced together in time. 
· FFS how to handle impact (if any) to non- Rel-19 NES capable UEs
Proposal 2:
· RAN1 to support additional PRACH resources that can be clustered in time domain
· FFS whether additional PRACH resources can be allocated as additional PRACH resources in frequency domain on slots that have been configured with PRACH resources, or whether to introduce additional PRACH resources in different slots.
· FFS supported PRACH resource pattern and resource configuration
· FFS impact on legacy UEs and how to multiplex legacy PRACH resources with newly introduced clustered PRACH resources
Proposal 3:
· RAN1 to consider non-uniform resources assignment of PRACH occasions for different SSB beams, including evaluation of potential energy saving benefits
· FFS: details of non-uniform resource allocation for PRACH for each SSB beam
Proposal 4:
· RAN1 should consider techniques that allow compacting paging resources into consecutive slots/frames.
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