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1	Introduction
In RAN#103, the WID for network energy savings in Rel-19 was revised [1]. The core part objective based on the revised WID is:

	1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.

2. [bookmark: _Hlk153983379]Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. [bookmark: _Hlk162876993]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
· [bookmark: _Hlk158930096]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 
4. Specify the corresponding core requirements, for the above features [RAN4].


In this contribution we discuss the highlighted objective above.
[bookmark: _Ref178064866]2	Discussion
In this section, we consider the following aspects:
· Adaptation of SSB signals
· Adaptation of PRACH occasions and the related signaling
· Adaptation of paging 

2.1 Adaptation of SSB signals 
Currently, SSBs are specified as always on-transmissions whose periodicity can be changed semi-statically. A legacy NR UE camping in a cell may assume a default SSB periodicity of 20ms. Even though the frequency of most broadcast transmissions can be minimized (e.g., periodicity of 160ms or larger), SSB transmissions in a serving cell are required to be provided every 20ms regardless for whether there is light/no traffic in the cell. This leads to energy consumption in the network, which can be minimized by adapting the SSB periodicity or skipping SSB transmissions on certain occasions.
[bookmark: _Hlk162643470][bookmark: _Hlk162643892]In TR 38.864 [2], the evaluation results for adaptation of SSB periodicity were captured. The results show that significant energy savings can be achieved on the network side with such adaptation. For example, the figure below shows how much energy savings can be achieved only by changing the periodicity of SSB transmissions from 20ms to 40ms. Note that the set-up assumes that the other transmissions/receptions are minimized (e.g., SIB1/PRACH is 160ms) to show the full potential of the SSB adaptation.
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Figure 1: NW energy saving (NES) when SSB periodicity is increased from 20ms to 40ms.



[bookmark: _Toc162877016]Changing the periodicity of SSB transmissions in a cell can provide significant energy savings for the network. 

In Rel-19, UEs in RRC connected mode supporting the feature can be informed dynamically about the change in the periodicity of SSB transmissions. For UEs in RRC idle/inactive mode, changing the periodicity of SSB transmissions, e.g., to > 20ms, can also be considered.

[bookmark: _Toc162877032]Support changing the periodicity of SSB transmissions dynamically.
[bookmark: _Hlk162644838]
2.2 Adaptation of PRACH occasions and the related signaling 
Another important periodic/always-on activity for a cell that supports initial access is PRACH occasions and their periodicity. Similar to the discussion on SSB transmissions, the frequency of PRACH occasions can be changed dynamically rather than only semi-statically as specified today. These resources cannot be dynamically adjusted to accommodate changes in traffic load or save energy at the gNB. The PRACH reception on such cells must continue quite frequently even when the cell has no/light traffic. Dynamic adaptation of the PRACH occasions in the time domain, i.e., without using the system information update notification mechanism, allows energy saving on the network side while not compromising the initial access performance.  
In TR 38.864 [2], the evaluation results for adaptation of the frequency of PRACH occasions were captured. The evaluations show that significant energy savings can be achieved by adapting the frequency of PRACH occasions. For example, the figure below shows how much energy savings can be achieved by changing the periodicity of PRACH occasions between 10ms and 40msSSB transmissions from 20ms to 40ms. Note that it is assumed in the set-up that SSBs are broadcast every 20ms (as in legacy) and SIB1 is broadcast every 40ms.

[image: ]
Figure 2: 10ms PRACH occasion periodicity (left), versus another with 40ms PRACH occasion periodicity (right).

[bookmark: _Toc162877017]Changing the periodicity of PRACH occasions in a cell can provide significant energy savings for the network. 

In Rel-19, UEs in RRC connected mode supporting the feature can be informed dynamically about the change in the periodicity of PRACH occasions. For UEs in RRC idle/inactive mode, changing the periodicity of PRACH occasions can also be considered. A second configuration for PRACH occasions can be introduced for Rel-19 UEs and such dynamic signalling can be used to provide additional PRACH occasions per need basis. This would be backwards compatible as legacy UEs can continue to use such carrier when legacy PRACH configuration is provided as part of system information broadcast.

[bookmark: _Toc162877033]Support changing the periodicity of PRACH occasions dynamically.

2.2 Adaptation of paging 
The motivation for the existing framework of paging messages is to distribute the paging frames/occasions evenly across DRX cycles in idle/inactive modes. This is to balance the load not only from gNB perspective in a cell, but also from UE perspective to receive the paging message within a period intended based on the configured DRX cycle. From network energy saving perspective, such framework does not provide many opportunities for a gNB to sleep. It may become more challenging when paging messages are broadcasted in all cells in a tracking area.

[bookmark: _Toc162877018]The current paging framework does not provide many opportunities for a gNB to sleep from network energy saving perspective. 

In current specifications, up to 4 POs may be associated to a paging frame through the parameter Ns. Introducing excessive Ns values may impact scheduling of other traffic when PO resources are fully utilized, as can happen during SI update or Public Warning System notifications. Provisioning of additional POs/PFs should be flexible enough to address such scenarios. If paging frames/occasions can be condensed with no/minimum impact on UE reachability, it would be possible for a network to save energy, e.g., a gNB can sleep longer between condensed paging frame/occasions as it may also be possible to minimize broadcast of common signals such as SSBs or PRACH occasions.

[bookmark: _Toc162877019]If paging frames/occasions can be condensed with no/minimum impact on UE reachability, it would be possible for a network to save energy. 
In figure 3 below, a comparison of legacy Rel-18 PO/PF configuration to a potential Rel-19 PO/PF configuration is shown. Legacy UEs can be supported using the existing PO/PF configuration to complement the Rel-19 PO/PF configuration. I
[image: ]
Figure 3: An example of condensed Paging Frames/Occasions.
Therefore, we propose the following:

[bookmark: _Toc162877034]It should be possible to condense PF/POs in time domain.

3	Conclusion
In this contribution we discuss the objective on the adaptation of common signal/channel transmissions. Based on the discussion in the previous sections we made the following observations:

Observation 1	Changing the periodicity of SSB transmissions in a cell can provide significant energy savings for the network.
Observation 2	Changing the periodicity of PRACH occasions in a cell can provide significant energy savings for the network.
Observation 3	The current paging framework does not provide many opportunities for a gNB to sleep from network energy saving perspective.
Observation 4	If paging frames/occasions can be condensed with no/minimum impact on UE reachability, it would be possible for a network to save energy.

Based on the discussion in the previous section, we propose the following:

Proposal 1	Support changing the periodicity of SSB transmissions dynamically.
Proposal 2	Support changing the periodicity of PRACH occasions dynamically.
Proposal 3	It should be possible to condense PF/POs in time domain.
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