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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
· 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. 
Adaptation of periodicity of SSB 
During the study phase, 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.
It became evident that solely modifying the periodicity of SSB without adapting other signals might not fully maximize energy savings. Therefore, it is crucial to synchronize the adaptation of SIB-1 periodicity and repetition interval alongside SSB periodicity. This coordinated adjustment is vital for optimizing energy efficiency while preserving network performance. 

[bookmark: _Hlk158719342]Since SSB/SIB-1 transmissions usually take place every 20 ms, the maximum time in sleep mode for a gNB is very limited. Even at the best assumptions of TR 38.864 (category 1) the gNB can only operate in light sleep mode. However, to achieve deep sleep mode and attain larger energy savings, transmission intervals exceeding 50 ms (Category 1 settings) are required. This adjustment allows gNBs to significantly reduce energy consumption. Notably, in scenarios with no network load, extending the periodicity of SSB/SIB-1 transmissions from 20 ms to 160 ms can yield energy savings of up to 70% for the gNB. Considering a 10% network load, this saving may decrease to 20%, but it still represents a significant reduction in energy consumption [3].
Observation 1: Adjusting the periodicity of SSB and SIB-1 can result in high energy savings at zero and low network load. 
Proposal 1: Joint SSB/SIB-1 transmission periodicity adaptation should be considered for Rel-19.
During the study phase, a key concern regarding Technique A1-3 in TR 38.864 was its lack of backward compatibility. To address this, a backward-compatible design should maintain a constant SSB period perceptible to legacy UEs. In a coverage layer (e.g., PCells) SSBs may continue to be sent using legacy perioditiy. On capacity layers (SCells), two types of SSBs can be sent: sparse SSBs which are sent all the time and additional complementary SSBs sent only during periods of increased system load. This approach ensures backward compatibility while enabling efficient energy savings through dynamic adaptation of SSB periodicity [3]. 
[image: ]
[bookmark: _Ref159216623]Figure 1 – Sparse SSBs are always transmitted at constant rate to serve legacy UEs. Complementary SSBs are added to dynamically adapt the SSB rate.

Proposal 2: The adaptation of SSB periodicity is made backward compatible by defining complementary SSB occasions that can be added during high traffic load.
Adaptation of Paging Occasions 
In cellular networks, paging occasions are typically distributed across time to ensure distributing the paging load over time and, therefore, timely delivery of paging messages to UEs. However, spreading paging occasions throughout time may lead to suboptimal energy utilization in the network. Compact paging occasions, concentrated within specific time slots, can potentially yield energy savings by allowing gNB to enter deeper sleep modes during idle periods. However, transitioning to compact paging occasions presents a challenge for legacy UEs, which are accustomed to the dispersed nature of traditional paging schemes. Therefore, any transition towards compact paging occasions must include provisions to ensure backward compatibility for legacy UEs, ensuring uninterrupted service and a smooth transition to the new scheme.
Proposal 3: RAN2 to investigate the solutions to support the legacy UEs while adapting the paging occasions for NES UEs.
Adaptation of PRACH
Time
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. 
Similar to what is shown for SSBs on Figure 1, the key to achieve backward compatibility on PRACH adaptations would be to have sparse RACH occasions which are available at all times, and as the load increases extra RACH occasions are added to serve the load created by Rel-19 UEs. 
Observation 2: Having sparse PRACH occasions which are always available and adding extra PRACH occasions as the load increases to serve the Rel-19 UEs, can be a backward compatible approach for adapting PRACH occasions.
Spatial
Spatial adaptations of PRACH can also be considered. In essence, this modifies the typical behaviour of initial beam selection where the same transmission beam is used for SSB/SIB-1 and later a corresponding reception beam is used for PRACH. A spatial adaptation would be, for example, to have less beams for PRACH than for SSB/SIB-1. 
Before any standardization happens on that respect it should be clarified under which scenarios and antenna configurations this is applicable and what energy savings can be attained. 
Proposal 4: RAN2 to clarify in which scenarios and antenna configuration spatial adaptation of PRACH occasions should be considered.
Conclusions
In this contribution, we discussed some aspects of Common signals adaptation for NES. The following observations and proposals have been made:
Observation 1: Adjusting the periodicity of SSB and SIB-1 can result in high energy savings at zero and low network load. 
Observation 2: Having sparse PRACH occasions which are always available and adding extra PRACH occasions as the load increases to serve the Rel-19 UEs, can be a backward compatible approach for adapting PRACH occasions.

Proposal 1: Joint SSB/SIB-1 transmission periodicity adaptation should be considered for Rel-19.
Proposal 2: The adaptation of SSB periodicity is made backward compatible by defining complementary SSB occasions that can be added during high traffic load.
Proposal 3: RAN2 to investigate the solutions to support the legacy UEs while adapting the paging occasions for NES UEs.
Proposal 4: RAN2 to clarify in which scenarios and antenna configuration spatial adaptation of PRACH occasions should be considered.
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