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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The Rel-19 New WID on Network Energy Savings for NR has the following objective on adaptation of common signal/channel transmissions [1]:
	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 


In this contribution, we discuss the enhancements for enabling adaptation of common siganls/channels under RAN1 scope.
Discussion
A key NES enhancement, disussed during Rel-18, is to adapt the transmission periodicity and the resources associated with the common signals and channels, including SSB, PRACH and paging signals/channels. With such approaches, NES gains can be realized by flexibly varying the periodicity and/or adapting the transmission/reception patterns of the common signals/channels. Although it can be easier to apply such approaches when there are no legacy UEs (e.g. in a greenfield deployment), as per the WID it is important for the adaptation techniques to minimize any impacts to the legacy UEs. 
Adaptation of SSB in time domain
In legacy, the time-domain positions of the transmitted SSBs within a half frame are semi-statically configured and a single periodicity is assumed for the transmitted SSBs in a burst. Supporting transmission of SSBs with more than one periodicity and/or burst pattern can provide longer inactivity periods for the gNB and potentially higher energy saving gains. Such adaptations to the transmission patterns, as captured under technique A-1 in the TR [2], includes changes to periodicity, time resource locations, and omission of some signals/channels. 
On adapting SSB periodicities, the TR observations include that the “longer SSB/SIB1 periodicity can bring BS with significant energy savings in most cases (with gains up to 84.8%), compared to a selected baseline. When other configurations/settings are the same, the saving gain generally increase as the periodicity becomes larger, and decrease as the traffic load increases or the number of SSBs increases”. On skipping one or more common signals/channels, the TR observes that “ static adaptation of number of SSB can achieve energy saving gain by 0.3%~25.4% at different scenarios with FTP3 model. The gain generally increases when the traffic load becomes lighter while decreases as the SSB periodicity becomes larger. For a same traffic load and SSB periodicity, the gain increases as the number of SSB can be reduced. For FR2 with larger number of SSB for baseline, there is generally larger gain observed than FR1.”
In the case of adaptation of SSBs in time domain, the key techniques that can be considered for enhancements are configuration/adaptation of longer periodicity of SSB (technique A-1-3), and skipping of SSB transmission occasions (technique A-1-2) which can also be realized by adapting the number of SSBs per burst. Both of these techniques are beneficial in terms of energy saving gains and low impact on UPT. Given the benefits, both can be supported. In order to reduce complexity and impact to legacy UEs, the position of absent SSBs (per technique A-1-2) within the burst can be maintained per legacy assumptions.
Proposal 1: Support following adaptation patterns for SSBs in time domain: 
· Adaptation to SSB transmission periodicity
· Adaptation to the number of SSBs per burst
For the SSB adaptations discussed above, whether such adaptations are applicable for single carrier or CA (multi-carrier) should be discussed. In single carrier case, any of the adaptations done to the SSB transmission pattern can have significant impact on the associated procedures handled within the carrier/cell. For example, the impacts on legacy and idle UEs can be significant when supporting initial access procedures, including cell discovery, cell (re)selection, synchronization, and random access, especially in the case when the adaptations include prolonging the SSB periodicity.  
In the multi-carrier case, the SSB adaptations can apply primarily to Scells, where their SSB periodicities can be increased (e.g. greater than 160 ms) during low load conditions. This can be done without adapting the SSBs of other coverage-based carriers/cells for minimizing the impact on legacy/idle UEs. The SSB adaptations can also be applied to certain capacity-based Pcells which do not create coverage holes, hence allowing the legacy UEs to camp on other cells with similar coverage. Given the comparison, in our view, the SSB adaptation can be supported only for CA scenarios. 
Proposal 2: Adaptation of SSB is supported only for Scells and capacity-based Pcells in CA scenarios
The next aspect to be discussed is how the adaptation pattern for SSBs, including changing the SSB periodicity and number of SSBs, can be signalled to UE. The TR mentions that the potential spec impact when supporting transmission pattern adaptation includes the signaling mechanism to inform the UE about the configuration/adaptation for longer periodicity of SSB/SIB1, and about the skipping of SSB/SIB transmission occasions. 
The work item objective for SSB-less Scell already enables the gNB to save power on the Scell. For PCells, there is need to enable gNBs to save power consumed by periodic SSB transmisisons, especially when PCells are transmitted on a different frequency band from SCells or when PCells are overlapped with other coverage cells. In order to not impact legacy UEs or not rely on cell barring for non capable UEs, network planning can ensure that legacy UEs can connect ot an alternative coverage cell that is overlapped with the NES cell. Configuration of SSB periods up to 160 ms can be configured for some cells is already possible, but longer periodicities can provide more substantial energy savings.
In general, the adaptation common signals/channels can be supported via semi-static approaches such as SIBx or RRC signaling, or based on dynamic signalling. In legacy, the SI update mechanism can adapt the parameters in the cell, including those associated with the DL common and broadcast signals such as SSB/SI/paging/cell common PDCCH. Although such semi-static approaches may be adequate for long term energy savings, for realizing higher NES gains and for reducing the access latency, a faster signalling mechanism is needed especially when adapting the SSBs. To this end, dynamic signaling can be considered for indicating the active SSB adaptation pattern to the NES-capable UEs. 
Similar to the cell DTX/DRX enhancements, the NW can preconfigure a prolonged SSB adaptation pattern via higher layer signaling. As discussed above, such pattern can be different in terms of the SSB transmission periodicity and the number of SSBs per burst. The NW can then signal an SSB adaptation pattern, possibly based on detection of changes to load conditions or reception of UE WUS. Note that such SSB adaptation patterns may not impact the legacy UEs, since the legacy UEs can rely on the overlapped coverage cells (e.g. cells operating in non-NES mode) which may transmit the SSBs with legacy periodicity.     
Regarding the type of signaling to be applied, both L1 or L2 can be considered, as both allow flexible and fast indication of the SSB adaptation pattern to the NES-capable UEs in connected mode. In terms of incurring lower overhead, L1 based signaling is advantageous compared to L2 signaling since a group common DCI can be used to simultaneously indicate the adaptation pattern to multiple UEs. For NES-capable UEs in idle mode, the active SSB adaptation pattern can be signalled via SIB.  
Proposal 3: Support signaling of an active SSB adaptation pattern via SIB and L1/L2 signaling 
Adaptation of PRACH in time domain
On PRACH adaptation, energy saving gains can be realized when dynamically changing or flexibly varying the periodicity of UL random access opportunities. The TR mentions that the “adaptation of RACH occasions can achieve BS energy savings by 14.4%~24.9% for BS Category 1 at empty load case under FR1 TDD compared to 10ms RACH periodicity without adaptation. The gain generally increases as PRACH periodicity increases for the same number of SSBs”. 
In this regard, the NES gains can be enhanced by configuring an energy efficient periodicity for the RACH occasions, which can then be complemented by dynamically scheduling the RACH resources (e.g. PRACH preambles, RACH occasions). If legacy UEs are admitted to the cell, legacy UEs can continue using the RACH resources associated with the semi-statically configured periodicity. NES-capable UEs on the other hand assume a prolonged PRACH periodicity, e.g. possibly matching the prolonged SSB pattern and periodicity.
The adaptation of both the RO periodicity and the number of ROs can be beneficial for energy savings since they both allow conserving energy associated with reception at NW, e.g, during low load scenarios, and quick provisioning of the resources when needed.  
Proposal 4: Support the following PRACH adaptation patterns in time domain
· Adapting the periodicity of RACH occasions
· Adapting the number of RACH occasions per period
Adaptation of paging occasions in time domain
Paging messages are sent by the AMF to all gNBs in the same RAN paging/notification area. gNBs in the same RAN paging area transmit the same paging message, even if the UE is not in that cell, because the network doesn’t exactly know in which cell the UE is camped within the paging area. This can cause lots of gNBs to wake up to transmit the paging, even if some of those gNBs were in an energy saving state, and even if there is one UE to page in the whole notification area. 
In legacy, the paging configuration can be provided via SIB1 in pcch-config. This contains info on the default paging cycle, the first PDCCH monitoring occasion for paging of each PO of the PF, and the number of POs per PF. The UEs can identify the corresponding POs to monitor based on the indicated parameters. The legacy POs which are spread over the time domain, however, results in numerous paging transmisisons and reduced opportunities for the cell to operate in prolonged inactive mode even during low paging load scenarios.  
For technique A-1-4 (paging enhancement where paging resources are grouped in a compact manner), the TR mentioned that “statically adapting paging configuration could provide BS energy savings by 0.2%~6.7% when paging load (resource used for paging) is 0.2%~0.5%, and the gain can be up to 42.3% when paging load is increased up to 3.6%. The gain could also increase as the number of SSB increases”. 
During Rel-18 SI, companies proposed introducing a NW paging window which can be configured to occur less frequently for energy savings, during which the POs of different UEs can be grouped. Such grouping of the POs, including the info on the associated paging cycle and number of POs per cycle, can be provided to the NES-capable UEs via semi-static configuration. It is thus possible to have an alternate DRX cycle for network energy saving, which can be used by the UE if the camped cell is in a sleep mode. This approach can be useful for both the NW and the NES-capable UEs who can benefit from the reduced paging cycles and concentrated number of POs; capable UEs can thus benefit as well by reducing power consumption. Legacy UEs are not expected to be impacted given that the legacy paging configuration can be applied as before. 
Proposal 5: Support the following paging adaptation patterns in time domain with semi-static configuration
· Adapting the paging cycle
· Adapting the number of POs per cycle
Conclusion
In this contribution, the following proposals are made:
Proposal 1: Support following adaptation patterns for SSBs in time domain: 
· Adaptation to SSB transmission periodicity
· Adaptation to the number of SSBs per burst
Proposal 2: Adaptation of SSB is supported only for Scells and capacity-based Pcells in CA scenarios
Proposal 3: Support signaling of an active SSB adaptation pattern via SIB and L1/L2 signaling 
Proposal 4: Support the following PRACH adaptation patterns in time domain
· Adapting the periodicity of RACH occasions
· Adapting the number of RACH occasions per period
Proposal 5: Support the following paging adaptation patterns in time domain with semi-static configuration
· Adapting the paging cycle
· Adapting the number of POs per cycle
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