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Introduction
The Release 19 WI for Network Energy Saving (NES) was approved in RAN#102 [1]. One of the objectives for specification is as follows:
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· [bookmark: _Hlk158621745]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
· [bookmark: _Hlk163035902]Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 



This contribution focuses on relevant aspects concerning the adaptation of common signals and channels, based on the discussions and agreements from RAN1#116bis [2], [3]. 
Adaptation of PRACH in Time-Domain
The PRACH capacity can easily become the bottleneck in cellular networks at periods of high load. However, during periods of low load PRACH reception may as well become the reason why a gNB cannot implement larger energy savings. Agreements from RAN1#116bis [2], [3] concerning the adaptation of PRACH in time-domain are as follows.
	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




Note that the approach in the agreement above is key to achieve backward compatibility in PRACH adaptations, as legacy UEs are accommodated. Specifically, the default PRACH resources that are always available for legacy UEs can be sparse, and as the load increases additional PRACH resources can be added to serve the load created by Rel-19 UEs. 
Arguably, a similar approach can be adopted in general for other common signal periodicity adaptations as well, to support legacy UEs in a backward compatible manner.  In the next section we demonstrate this in more detail, on how a similar approach can be adopted for the case of SSB and SIB1 periodicity adaptation.
Observation 1: A general backward compatible approach can be adopted for adaptation of common signal/channel transmissions, based on load-dependent extra resources for NES-capable UEs, in addition to always-ON sparse resources for legacy UEs.
Adaptation of SSB/SIB-1 periodicity in Time-Domain
Agreements from RAN1#116bis [2], [3] concerning the adaptation of SSB periodicity are copied below.
	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
· [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 




Backward Compatibility of Dynamic SSB/SIB-1 Adaptation
[bookmark: _Hlk158719368]According to the discussions in previous meetings, one of the main concerns raised for  this technique was no backward compatibility. However, while this is a legitimate concern, it is not insurmountable. In fact, even Release-15 UEs can camp on cells with different SSB periodicities: 5 ms, 10 ms, 20 ms (the typical case), 40 ms, 80 ms and 160 ms. This opens possibility for a backward compatible design of SSB/SIB-1 adaptation. What really would cause difficulties to legacy UEs is not a sparse energy saving period, but frequent changes. A legacy UE would not be able to cope, for example, with SSB which vanishes suddenly. A backward-compatible design of dynamic SSB/SIB-1 time domain adaptation needs to ensure legacy UEs perceive a constant SSB period.  
Observation 2: A backward-compatible design of dynamic SSB/SIB-1 time domain adaptation needs to ensure legacy UEs perceive a constant SSB period.  
Proposal 1: RAN1 specification for SSB/SIB1 periodicity adaptation should be applicable to
· Adaptation in both single-cell and multi-cell scenarios 
· Adaptation in both PCell and SCell,
· Adaptation for idle/inactive and connected UEs and should include potential techniques to handle legacy UEs.
Many of the discussions of dynamic SSB/SIB-1 adaptation revolved around having a default SSB period (e.g. 20 ms) and during periods of low load SSB transmissions are omitted to save energy. That creates difficulties and would not be understood by legacy UEs. Instead, to achieve a backward-compatible design, the default behavior, at least in SCells, should be to have a sparse SSB period (e.g. 80 or 160 ms) and when the load increases further SSB occasions are added to make sure the best performance is attainable. The complete envisioned operation is as follows:
· To make sure there are no issues on initial cell search, on a coverage layer (e.g. PCell), SSB periods can be transmitted with legacy 20 ms period and SIB-1 at legacy 160 ms period with 8 repetitions.
· At least on capacity layers (SCells), and optionally on the coverage layer (with acceptable impact on initial access performance) as well:
The baseline configuration defines only sparse SSBs with a large periodicity (e.g. 80 ms or 160 ms)
· SIB-1 signals as usual, the configuration understood by legacy UEs, i.e. 80 ms or 160 ms on ssbperiodicityServingCell
· During times the network has more load, complementary SSBs are also transmitted to achieve the typical performance needed (e.g. an effective 20 ms period) in initial access and measurements. By complementary SSBs we mean SSBs which complement the already existing period of Sparse SSBs to achieve a shorter periodicity. This concept is illustrated in Figure 2. 
· These complementary SSBs may be based on NCD-SSBs. This would make sure that legacy UEs can still find them, measure them, and synchronize to them but guide the UE to search for the sparse SSBs to obtain System Information with the proper periodicity information.  
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[bookmark: _Ref159216623]Figure 2 – Sparse SSBs are always transmitted at constant rate to serve legacy UEs. Complementary SSBs are added to dynamically adapt the SSB rate.

Such an operation allows for a high degree of backward compatibility. First and foremost, legacy UEs can always be served by the coverage layer and the coverage layer can attain initial access performance. Second, legacy UEs can still access the capacity cells and can be camped on it. The legacy UEs perceive the energy saving cells as legacy cell. Last, but not least, the network can adapt and save a lot of energy by adding or removing complementary SSBs dynamically. Rel-19 UEs may understand this adaptation, e.g. to optimize the schedule of measurements, but legacy UEs can also operate normally. 
Proposal 2: For the cells with both legacy and Rel-19 UEs, adaptation of SSB periodicity can be designed to be backward compatible by defining complementary SSB occasions that can be added when the network needs to serve more traffic.
Proposal 3: For the cells with only Rel-19 UEs, the backward compatibility is not a concern. And the adaptation of SSB can easily be applied for both RRC connected and idle/inactive UEs.
Joint Adaptation of SSB and SIB1
During the study phase [4], 3GPP identified significant potential in adapting the transmission rate of common signals, namely Synchronization Signal Blocks (SSB), System Information Block Type 1 (SIB-1) and paging occasions. Also, in relation to that, the reception rate of RACH may be adapted accordingly. Different views emerged during the study phase. Some contributions considered each signal being adapted completely independently while other contributions considered joint adaptation of the different common signals.
Solely adjusting the periodicity of SSB without adapting the other signals may not be sufficient for maximizing energy savings. In addition to modifying the SSB periodicity, it is essential to adapt the periodicity (including repetition period) of SIB-1 accordingly. Adjusting their periodicities in tandem is crucial for optimizing energy savings and maintaining network performance.
Observation 3: Solely adjusting the periodicity of SSB without adapting the other signals may not be sufficient for maximizing energy savings. It is essential to adapt the periodicity (including repetition period) of SIB-1 accordingly.
Paging and RACH could be adapted more independently to the adaptation of SSB/SIB-1. The reason is that, for paging, the typical cycles can be already sparser to accommodate SSB/SIB-1 adaptations (e.g. between 20 ms and 160 ms). In the case of RACH, the need to adapt together or not with SSB/SIB-1 depends on the duplexing type (TDD vs FDD), the UL/DL ratio in TDD, gNB power consumption and the support for initial beam management. 
Adjusting the periodicity of SSB/SIB-1 holds promise for substantial energy savings by enabling gNBs to enter deeper sleep modes. Typically, with SSB/SIB-1 transmissions occurring every 20 ms, gNBs can only achieve light sleep mode. However, to access deep sleep mode and unlock greater energy savings, the interval between transmissions would need to exceed, for example, 50 ms as per the Category 1 settings assumed in [2]. Such adjustment of SSB/SIB-1 periodicity allows the gNBs to optimize energy consumption effectively. As shown in Figure 1, in scenarios with no network load, increasing the periodicity of SSB/SIB-1 transmissions to 160 ms from the current 20 ms can result in energy savings of up to 70% for the gNB. However, when the network load increases to 10%, this saving may decrease to 20%, but it remains a substantial reduction in energy consumption.
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[bookmark: _Ref159216027]Figure 1 – Energy saving gains for joint SSB/SIB-1 period adaptation compared to a 20 ms baseline for 2 different PRB occupations. 
[bookmark: _Hlk158719342]
Observation 4: Adaptation the periodicity of SSB and SIB-1 can result in high energy savings at low to medium loads. 
Proposal 4: Joint SSB/SIB-1 period adaptation is considered for Rel-19.

0. Adaptation of Cell DTX/DRX regarding SSB adaptation
Cell DTX/DRX has been discussed and standardized for connected mode UEs in R18. Considering the significant potential for energy savings through the adaptation of SSB periodicity for UEs in idle or inactive states, there is growing interest in extending similar adaptive techniques to Cell DTX/DRX mechanisms. For example, consider the following proposal discussed during the previous meeting [3], which was considered for possible agreement, where the support of adaptation of SSB in time-domain as part of enhancement on Cell DTX was mentioned.

	Proposal 2.1.1-updated2
Possible Agreement
For adaptation of SSB in time-domain, at least the following adaptation mechanism is supported 
· Adaptation of SSB burst periodicity using one or more SSB burst periodicity value(s)
· FFS: details including applicable scenarios 
· FFS: other adaptation mechanisms, 
Above does not preclude the specification support of adaptation of SSB in time-domain as part of enhancement on Cell DTX. Above feature is supported at least for RRC connected UEs.



In Rel-19, there is an opportunity to explore and standardize adaptations of Cell DTX/DRX tailored specifically for idle or inactive UEs, by aligning the operation of Cell DTX/DRX with the dynamic adjustments of SSB periodicity.
Proposal 5: RAN1 to discuss enhancements on Cell DTX to include specification support for SSB periodicity adaptation.
Conclusions
In this contribution, we discussed some aspects of Common signals adaptation for NES. The following observations and proposals have been made:

Observation 1: A general backward compatible approach can be adopted for adaptation of common signal/channel transmissions, based on load-dependent extra resources for NES-capable UEs, in addition to always-ON sparse resources for legacy UEs.

Observation 2: A backward-compatible design of dynamic SSB/SIB-1 time domain adaptation needs to ensure legacy UEs perceive a constant SSB period.  
Observation 3: Solely adjusting the periodicity of SSB without adapting the other signals may not be sufficient for maximizing energy savings. It is essential to adapt the periodicity (including repetition period) of SIB-1 accordingly.
Observation 4: Adaptation the periodicity of SSB and SIB-1 can result in high energy savings at low to medium loads.
Proposal 1: RAN1 specification for SSB/SIB1 periodicity adaptation should be applicable to
· Adaptation in both single-cell and multi-cell scenarios 
· Adaptation in both PCell and SCell,
· Adaptation for idle/inactive and connected UEs, and should include potential techniques to handle legacy UEs.
Proposal 2: For the cells with both legacy and Rel-19 UEs, adaptation of SSB periodicity can be designed to be backward compatible by defining complementary SSB occasions that can be added when the network needs to serve more traffic.
Proposal 3: For the cells with only Rel-19 UEs, the backward compatibility is not a concern. And the adaptation of SSB can easily be applied for both RRC connected and idle/inactive UEs.
Proposal 4: Joint SSB/SIB-1 periodicity adaptation is considered for Rel-19.
Proposal 5: RAN1 to discuss enhancements on Cell DTX to include specification support for SSB periodicity adaptation.
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