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Introduction
[bookmark: OLE_LINK7]In the RAN#102 meeting, the new WI of enhancements of network energy savings for NR was set up [1], , one of the objectives is to adapt the common signal/channel transmission, which has been discussed during R18 SI and proved to be beneficial for energy saving, the related objective is as following,
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4] 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]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
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]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 provide the initial considerations on SSB/PRACH/paging adaptation and indication method for adaptation, and give our proposals.
[bookmark: _Hlk110416859]Discussion
Adaptation of SSB 
Based on the WID, at least adaptation of SSB in time domain is supported. RAN1#116 meeting has started the discussion on Rel-19 NES, and following are the agreements made in RAN1[2], including the related UE state and potential solutions:
	Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
Applicability to PCell and/or SCell(s)

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
· [bookmark: _Hlk162985269]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



Adaptation of SSB burst periodicity
In current cell search procedure, SSB is used for of basic functions such as T/F synchronization, AGC, beam selection and system information acquisition. A UE may need to receive at least 2-3 SSB bursts to accomplish the above functions. Simultaneously, according to TS 38.213 [3], the UE may assume that SSB burst is transmitted per 20ms during the cell search procedure. And once UE camps on a cell, it may acquire SSB based on the periodicity indicated in SIB1. And now, SSB periodicity of the serving cell can be configured to 5 ms, 10 ms, 20 ms, 40 ms, 80 ms, 160ms and the network may configure the SSB periodicity to a large value to reduce the transmission of SSB for energy saving.
Observation 1: Current mechanism support the reconfiguration of serving cell SSB periodicity for energy saving.
For achieve further energy saving, larger periodicity value(s) can be introduced and applied when the network has low traffic load. In this way, though it may introduce extra UE  cell search latency, it doesn’t affect legacy UE’s access to the NES cell.
Proposal 1: Larger SSB periodicity value(s) can be introduced for more NES gain.
Adaptation based on two SSB configurations where up to two configurations can be active
In this approach, two SSB configurations can be configured by the network, and only one is activated in. In our opinion, the similar NES gain may be achieved like adaption SSB burst periodicity, but higher complexity is introduced to both network and UE side.
Observation 2: Similar NES gain of adaptation based on two SSB configurations may be achieved like adaption SSB burst periodicity, but higher complexity is introduced to both network and UE side.
Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
With SSB burst skipped by the network, UE may not detect SSB in some SSB cycles, and the network may get NES gain by reducing SSB transmission. For the UE failing to receive SSB, it should continue to receive SSB in the following several SSB cycles based on the SSB periodicity indicated in the system information. From network side, the non-uniformed SSB burst skipping can enlarge the probability to enter deep sleep based on the traffic load dynamically, however, from UE side, it may result in larger camping latency and power consumption, since UE doesn’t know which SSB burst will be skipped or transmitted by the network.   In our view, non-uniform SSB burst skipping/transmission can be achieved by network implementation.
Proposal 2: Non-uniform SSB burst skipping/transmission can be achieved by network implementation.
Adapting the transmitted number of SSBs within a SSB burst
In NR system, SSB is transmitted by beam sweeping, and the SSB transmitted for a beam sweeping is a SSB burst. If the transmitted number of SSBs within a SSB burst is adapted, it means SSB is not transmitted in all beams of the cell, and this may result in the UEs in the direction of that beam cannot receive SSB. As discussed in the adaptation based on skipping/transmitting some SSB bursts, if UE does not detect SSB, it may continue SSB monitoring until it complete the related procedures need SSB. However, from network view, it cannot enter a deep sleep with such approach and NES gain is relatively since some SSB of SSB burst are still transmitted. For further NES gain, it’s preferred to apply this approach with others, such as adaptation of SSB periodicity.
Observation 3: NES gain of adaptation of transmitted SSB number within a SSB burst is relatively limited.
Proposal 3: It’s preferred to apply adaptation of transmitted SSB number within a SSB burst with other SSB adaptation approaches for further NES gain.
Cell DTX for SSB adaptation
In Rel-18 NES, Cell DTX was introduced for RRC_CONNECTED NES UEs. When cell DTX is configured and activated for the concerned cell, the UE may not monitor PDCCH in selected cases or does not monitor SPS occasions during cell DTX non-active duration. If this mechanism if introduced for SSB adaptation, the NES gain could be significant since SSB burst is periodically transmitted during the active duration, and the cell may enter deep sleep in the non-active duration. Compared with other SSB adaptation approaches, Cell DTX for SSB adaptation to legacy UE is greater, since the duration without SSB may be bigger than other approaches. In Rel-18 NES, there’s a cellbar mechanism to bar legacy UEs but allow cell DTX/DRX supporting UE access the NES cell. When cell DTX is applied to SSB adaptation,  cellbar mechanism can be considered. 
Proposal 4: Cellbar mechanism can be considered to prevent legacy UEs’ access to NES cell applying Cell DTX for SSB adaptation.
Adaptation of PRACH
[bookmark: OLE_LINK2]PRACH configuration is transmitted in system information, so that UE in any RRC state can get the essential information for random access procedure. The related high layer parameter prach-ConfigurationIndex configures the PRACH format and available set of PRACH occasions in time domain (e.g., PRACH periodicity, duration of RO and locations of the RO within the PRACH periodicity). After acquiring the valid RO based on PRACH configuration, frame structure and SSB transmission pattern, the UE determines the association period and the association pattern period based on SSB-to-RACH mapping configuration (indicated by parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB).
As PRACH resource adapts, the valid RO and association period/association pattern period may change accordingly, which means that the spatial information for a specific RO (i.e., the SSB beam it associate with) will be totally changed. Simultaneously, if there is a legacy UE in the cell, its PRACH resource may not change with adaptation. Thus, with the consideration of forward compatibility, it is recommended that PRACH adaptation shall not change the spatial information for RO (mapping of the association period and association pattern period).
Proposal 5: PRACH adaptation shall not change the spatial information for RO (mapping of the association period and association pattern period).
Therefore, the following alternatives to realize dynamic PRACH adaption can be further considered,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption. SSB-to-RACH mapping performs independently for each PRACH configure. Legacy UE can always configure with the basic PRACH configuration index, so that the PRACH adaptation has good forward compatibility.
· Opt 2: Adaptation between two prach-ConfigurationIndex. The PRACH configuration changes between two prach-ConfigurationIndex. It is up to gNB implementation to ensure that the mapping of association period and association pattern period does not change upon PRACH adaptation. Regarding the current design of PRACH configuration list in TS 38.211, the flexibility for gNB is relatively limited.
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH. It is up to gNB implementation to ensure that the non-active period includes an integer number of PRACH association pattern period.
Proposal 6: Support the following schemes for PRACH adaptation in time domain,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption;
· Opt 2: Adaption between two prach-ConfigurationIndex;
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH
Adaptation of Paging occasion
Paging message is transmitted periodically. The PFs and its corresponding POs are uniformly distributed in a DRX cycle. For a PO during a DRX cycle, it will be monitored by a set of UEs which depend on UE’s ID. And for a specific UE,  it only monitor a PO during a DRX cycle. From the network side, the power consumption of paging transmission is due to the repeated transmission of the same message in different POs in the same DRX cycle. Therefore, to reduce power consumption two directions can be taken into consideration:
1. DRX cycle adaptation;
2. PO/PF adaptation.
For DRX cycle adaptation, larger DRX periodicity value can be considered. Since UE only monitor on PO in one DRX cycle, the longer DRX cycle periodicity, the larger paging latency. However, based on the WID,  adaptation of Paging occasions should not increase the paging latency. Therefore, DRX cycle adaptation is not preferred.
Proposal 7: Paging DRX cycle is not adapted to avoid paging latency increasing.
For PO/PF adaptation, it can be realize via adaptation of the PO numbers of a PF by configuration, mute some POs related to unpaged UEs, or introduce new PO/PF calculation formulas.
Currently, there can be 1, 2, 4 POs in one PF, and this is configurable. To enlarge NES gain, the network can figure less PO in the PF based on the current spec. What’s more, for a NES cell applying common siganlling adaptation or other NES techniques, the traffic load should be low, therefore, the false alarm issue could not be serious.
Observation 4: Generally, for a cell apply NES techniques, the traffic load could be low and the false alarm issue due to less POs could not be serious.
Besides, in Rel-16, PEI was introduced for UE power saving, in which, UE is indicated whether to monitor the incoming PO, since the network knows which UEs are paged and which are related POs. Similarly, the network can based on the information to identify POs on which the related UEs are paged or not. If there’s no UE paged on a PO, this PO can be muted, in other word, the paging message is not transmitted in this PO. And this can work with PEI mechanism, to reduce network and UE’s power consumption for PO monitoring.
Observation 5: The network can identify which PO has paged UE or not.
As to adaptation of PO/PF calculation formulas, it may make PO/PF dense or sparse in a DRX cycle. Though it may enlarge the probability of the NES cell to enter deep sleep “earlier” if there’s no downlink signalling, there are many other downlink common signals. And in terms of the power consumption for paging transmission, without the previous approaches to reduce the number of POs actual transmitting Paging message, the energy consumption is not reduced for a DRX cycle. And this may introduce extra workload for both RAN1 and RAN2, it should be deprioritized.
[bookmark: _Hlk163142482]Observation 6: In terms of the power consumption for paging transmission, without the previous approaches to reduce the number of POs actual transmitting Paging message, the energy consumption is not reduced for a DRX cycle, if only PO/PF calculation formulas is adapted.
Proposal 8: For paging occasion adaptation, the following approaches can be considered with high priority:
1. Adaptation of the configured PO numbers by right parameter configuration;
2. Mute POs on which there’s no related UEs paged.
Conclusions
In this contribution, we analyse the adaption of common signal/channels, include SSB, PRACH and paging adaptation, and the following proposals and observation are made:
Proposals:
Proposal 1: Larger SSB periodicity value(s) can be introduced for more NES gain.
Proposal 2: Non-uniform SSB burst skipping/transmission can be achieved by network implementation.
Proposal 3: It’s preferred to apply adaptation of transmitted SSB number within a SSB burst with other SSB adaptation approaches for further NES gain.
Proposal 4: Cellbar mechanism can be considered to prevent legacy UEs’ access to NES cell applying Cell DTX for SSB adaptation.
Proposal 5: PRACH adaptation shall not change the spatial information for RO (mapping of the association period and association pattern period).
Proposal 6: Support the following schemes for PRACH adaptation in time domain,
· Opt 1: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption;
· Opt 2: Adaption between two prach-ConfigurationIndex;
· Opt 3: Introduce a Cell DRX-wise cycle for PRACH
Proposal 7: Paging DRX cycle is not adapted to avoid paging latency increasing.
Proposal 8: For paging occasion adaptation, the following approaches can be considered with high priority:
1. Adaptation of the configured PO numbers by right parameter configuration;
2. Mute POs on which there’s no related UEs paged,
Observations:
Observation 1: Current mechanism support the reconfiguration of serving cell SSB periodicity for energy saving.
Observation 2: Similar NES gain of adaptation based on two SSB configurations may be achieved like adaption SSB burst periodicity, but higher complexity is introduced to both network and UE side.
Observation 3: NES gain of adaptation of transmitted SSB number within a SSB burst is relatively limited.
Observation 4: Generally, for a cell apply NES techniques, the traffic load could be low and the false alarm issue due to less Pos could not be serious.
Observation 5: The network can identify which PO has paged UE or not.
Observation 6: In terms of the power consumption for paging transmission, without the previous approaches to reduce the number of POs actual transmitting Paging message, the energy consumption is not reduced for a DRX cycle, if only PO/PF calculation formulas is adapted.
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