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1. Introduction
[bookmark: _Hlk101275836]In RAN#103, R19 NES WI was revised [1].The objectives of the R19 NES work item are shown as following. In this contribution, the views on the adaptation of common signal will be provided.
	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 


2. Discussion 
Adaptation of common signal/channel has already been discussed in R18 NES SI [2]. Network energy saving can be realized by varying the periodicity and/or changing a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or flexibly varying the periodicity of uplink random access opportunities. In this section, SSB adaptation, PRACH adaptation and paging adaptation will be discussed respectively [2].
2.1. Adaptation of SSB in time domain
	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)

[bookmark: _Hlk161942408]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
· 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)
· [bookmark: OLE_LINK1]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

Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration


In RAN1 116 meeting, there are some discussion about the applicable sceinaros and mechanisms for SSB adaptation in time domain. For the adaptation mechanisms, from our perspective, a new larger SSB burst periodicity value can achive network energy saving gain since the network transmit less SSB in a certain period. Nevertheless, the impact of a new larger SSB burst periodicity value should be discussed in RAN4.
[bookmark: _Ref163053976]Proposal 1: New larger SSB burst periodicity value(s) can be introduced. Send an LS to RAN4 to ask the detail value and impact.
Some adaptation mechanisms intends to transmit or skip some SSB burst with the time mask, such as cell DTX or non-uniformly time window. Although the network can tranmit less SSB by these methods, more standard offorts is required compared with that of a new larger SSB burst periodicity. For example, the cell DTX application for SSB transmission when UE is in both connected mode and idle mode should be specified.
Some adaptation mechanisms are proposed to change SSB periodicity or actural transmited numbers of SSBs within a SSB burst which are already supported to be semi-statically updated by SIB1 or RRC signaling. The applicable scenario for fast SSB adapatation by physical layer singaling or MAC layer singaling is not clear.
Adaptation based on two SSB configurations where up to two configurations can be active need further details, and its benefit should be clarified. For example, the two SSB configuration have different periodicities can be updated by SIB1. Or when two configurations are activated including a legacy periodic configuration and a aperiodic configuration, it can be realized by on demand SSB in AI 9.5.1. 
New SSB bursts such as new compact SSB bursts also need more design details to evaluate the implementation complexity for both UE and gNB. For example, how the neighbor cell know the compacted SSB pattern of the NES cell.
Moreover, the discussion for the trigger mechanism for SSB adaptation can be posepone after the discussion of scenarios and adaptation mechanisms.
[bookmark: _Ref163053969]Observation 1: The applicable scenario and benefit for fast SSB adapatation for SSB burst periodicity or actural transmitted SSB in a SSB burst should be clarified.
2.2. Adaptation of PRACH in time domain
	Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] 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
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating Ros in time domain
· Other options are not precluded

Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by Gnb without UE trigger
· FFS: PRACH adaptation with UE trigger 
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· List options for Candidate channel types
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode Ues
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 Ues)


For the adaptation of PRACH in time domain, additional ROs could be configured and adapted for network energy saving. For idle UEs, the PRACH resources may need to be adapted with the variable number of random access UE. Moreover, the additional PRACH resource configured in random access can be also applicable for connected UEs.
[bookmark: _Ref159251138][bookmark: _Hlk157613282]Proposal 2: Support additional RO(s) configuration to achieve the adaptation of PRACH in time domain. 
[bookmark: _Ref163053983]Proposal 3: Adaptation of PRACH mechanism is applicable to both idle/iactive UEs and connected UEs.
Furthermore, the case with both legacy UEs and Rel-19 UEs in a cell needs to be considered. Note that legacy UE can only perform random access according to the legacy RACH configuration obtained from SIB1. Thus, to avoid the impact on legacy UE, the legacy RO configured through SIB1 can not be adjusted. 
[bookmark: _Ref163053989]Proposal 4: Adaptation of PRACH mechanism is applicable to a cell with both legacy UEs and Rel-19 UEs.
The additional ROs can be configured in a separate configuration by SIB1. The additional RO could be indicated by physical layer signaling or MAC layer signaling, to realize the fast adaptation of PRACH. To be specific, as shown in Figure 1, the additional RO could be indicated to deactivate when the system load is low. Then UE won’t perform random access procedures on those ROs, and thus network would not monitor those ROs to save power. On the contrary, if there are a lot of UE performing RA procedures, the additional RO could be activated to mitigate the collision for RACH. 
	

[bookmark: _Ref163053864]Figure 1: Additional RO is configured to achieve the PRACH adaptation


As there is a mapping relationship between RO and SSB, whether the additional RO mapped to SSB together with legacy RO or separately should be studied. In legacy, how many ROs map to one SSB or how many SSBs map to one RO is determined from RRC configuration, and the mapping order is also predefined. If the additional RO and legacy ROs are mapped to SSB together, the mapping relationship between legacy RO and SSB might be disturbed after the configuration of additional RO. For example, as shown in Figure 2, when one SSB is mapped to 2 ROs and there are four legacy ROs at first, SSB#1 is mapped to RO#0, RO#1, and SSB#2 is mapped to RO#2, RO#3. If two additional ROs,i.e. RO#4 and RO#5, are further configured, then one SSB should map to 3 ROs as there are only two SSBs. It can be seen that if the additional RO is configured after the original RO slot or at the higher frequency location of RO#3, RO#2 would change to be mapped to SSB#1. Obviously, it’s not easy to ensure the relationship does not change after the configuration of additional RO as the mapping between SSB and RO is performed by order. In this case, legacy UEs would change the behaivior for RO selection when additional RO resources are active which cause unnecessary implementation complexity for legacy UEs. Hence, it’s preferred to map the additional RO and legacy RO separately to SSB to maintain the mapping relationship of SSB and RO for legacy UEs.
	

[bookmark: _Ref158042760]Figure 2: Mapping the additional RO to SSB together with legacy RO


[bookmark: _Ref159251144]Proposal 5: It’s preferred to map the additional RO and legacy RO to SSB separately.
To realize the fast adaptation of PRACH, the additional RO could be indicated by physical layer signaling or MAC layer signaling. Considering the idle UE needs to monitor paging information before DL reception, one possibility is to indicate the adaptation of PRACH within the DCI transmitted in PO. For example, the paging DCI, i.e. DCI 1-0 with P-RNTI, can be reused. Optionally, DCI 1-0 with a new RNTI or a new DCI format can also be used to indicate the PRACH adaptation. In this case, the search space for the new DCI format may need to be configured separately to distinguish with paging DCI. In addition, PEI or a similar DCI as PEI could also be used to indicate the adaptation information, thus UE could get the information much earlier.  
[bookmark: _Ref159251147]Proposal 6: Discuss the dynamic signaling in the following that can be used to indicate the adaptation of additional RO to UE:
· Paging DCI
· DCI 1-0 with a new RNTI
· PEI or a DCI similar as PEI
For UE that has triggered RACH procedure, UE would select an RO from the available RO corresponding to a specific SSB to perform RA. If Rel-19 UEs still select the legacy RO other than the additional RO when there are activated additional RO, the congestion level of RA in legacy RO would be increased heavily. One possible method is to prioritize the selection of additional RO if the selected SSB is related to both legacy RO and additional RO. Another possible method is to introduce NES feature preambles in the RA procedure. For example, the preambles related to the NES feature are only configured within additional RO. Then Rel-19 UE would only select the additional RO if it’s activated. 
[bookmark: _Ref159251141]Proposal 7: To avoid the negative impact on legagy UE, the Rel-19 UE should prioritizing the selection of additional RO if applicable.
2.3. Adaptation of PRACH in spatial domain
The network energy saving gain of adaption of PRACH in spatial domain has not been evaluated in the SI stage. From our perspective, the potential use case of adaptation of PRACH in spatial domain is that when SSB beams have different coverage or different access requirement, where different SSBs may associate with different number of PRACH resources. In such case, gNB may not need to monitor the same number of PRACH for some SSB beam. However, the benefit needs to be further clarified. In addition, there are a lot of issues that need to be address for adaptation of PRACH in spatial domain and the potential standard impact for this method could be large. For example, a new mapping rule for PRACH occasion and SSB need to be defined to achieve non-uniformed mapping between PRACH and different SSBs.
[bookmark: _Ref163054006]Proposal 8: For the study on adaptation of PRACH in sptial domain, the network energy saving gain should be further clarified so that the standard effort is justified.
2.4. Adaptation of paging occasions including confining the paging occasions in the time domain
	Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2


[bookmark: _Ref159257151]It has been agreed that the specification details for PO/PF determination and paging-related configurations or procedures will be handled by RAN2, and RAN1 should focus on the adaptation of paging occasion. For example, with the change of the number of legacy camping UE or R19 NES-capable camping UE, the confining PO/PF may be actived or deactived. 
[bookmark: _Ref163054009]Proposal 9: For adaptation of paging occasion, considering activation/deactivation of the confined PO/PF based on number of Rel-19 UE in the cell.
3. Conclusion
In this contribution, the enhancement of CSI framework for network energy saving techniques in spatial and power domain are discussed and the following observations and proposals are summarized as follows: 
Observation 1: The applicable scenario and benefit for fast SSB adapatation for SSB burst periodicity or actural transmitted SSB in a SSB burst should be clarified.
Proposal 1: New larger SSB burst periodicity value(s) can be introduced. Send an LS to RAN4 to ask the detail value and impact.
Proposal 2: Support additional RO(s) configuration to achieve the adaptation of PRACH in time domain.
Proposal 3: Adaptation of PRACH mechanism is applicable to both idle/iactive UEs and connected UEs.
Proposal 4: Adaptation of PRACH mechanism is applicable to a cell with both legacy UEs and Rel-19 UEs.
Proposal 5: It’s preferred to map the additional RO and legacy RO to SSB separately.
Proposal 6: Discuss the dynamic signaling in the following that can be used to indicate the adaptation of additional RO to UE:
· Paging DCI
· DCI 1-0 with a new RNTI
· PEI or a DCI similar as PEI
Proposal 7: To avoid the negative impact on legagy UE, the Rel-19 UE should prioritizing the selection of additional RO if applicable.
Proposal 8: For the study on adaptation of PRACH in sptial domain, the network energy saving gain should be further clarified so that the standard effort is justified.
Proposal 9: For adaptation of paging occasion, considering activation/deactivation of the confined PO/PF based on number of Rel-19 UE in the cell.
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