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1. [bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866][bookmark: _Hlk161308639]In Rel-19 NES WID [1], the detailed objectives on adaptation of common signal/channel transmissions are captured as follows.
	3. [bookmark: _Hlk162217333]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
· [bookmark: _Hlk162795477]Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· [bookmark: _Hlk161603597]Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 


This contribution would like to provide our considerations on the Objective-3 of Rel-19 NES. 
2. Discussion 
2.1 [bookmark: _Hlk161603396]Adaptation of SSB in time domain
The SSB configuration in time domain includes SSB periodicity and time domain positions of the transmitted SSB in an SSB burst. For legacy RRC_IDLE/INACITVE UE, CD-SSB is configured by the parameters ssb-periodicityServingCell and ssb-PositionsInBurst in ServingCellConfigCommonSIB in SIB1. Network may adapt SSB in time domain relying on system information modification, and a modification period is used as effective time. For legacy RRC_CONNECTED UE, both CD-SSB and NCD-SSB could be configured and adapted by network via dedicated RRC signalling. 
Based on R1 minutes, R1 has made some general agreements on this.
	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)
· 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 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 the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· [bookmark: _Hlk162219329]Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration



In our understanding, most work on the enhancement of adaptation mechanisms is within R1 scope. If the legacy signalling framework is used to support SSB periodicity adaptation, value range extension of SSB periodicity to enable longer periodicity of SSB could be considered for NES purposes. 
Regarding the trigger mechanisms, SSB is a common signal for a cell and network can fully decide when and how to adapt it based on the status of cell, therefore it is not necessary to allow a single UE to trigger the adaptation.
Observation 1 From R2 perspective, only SSB adaptation mechanism indicated or configured by gNB without UE trigger is supported.
Proposal 1 [bookmark: _Hlk162219679]For adaptation of SSB in time domain, R2 relies on R1 for enhancement (if any) on top of legacy signalling framework of SSB periodicity adaptation.
From R2 perspective, what could be discussed in R2 is the applicable scenarios and associated legacy UE impact/handling. In our understanding, the intention of this objective is to adapt some common signal/channel transmissions to achieve network power saving gain, so it should be applied to all RRC mode UE, which of course has impact on legacy RRC_IDLE/INACTIVE UE. R2 may discuss on the cell barring mechanism for this kind of NES cells. For NES cells allowing SSB adaptation in time domain, all legacy UEs and Rel-19 UEs that are not capable of this feature should be barred.
Observation 2 [bookmark: _Hlk162822446]Adaptation of SSB in time domain applies to all RRC modes.
Proposal 2 R2 discusses whether legacy UE should be prevented from accessing cells with Rel-19 SSB time-domain adaptation.
2.2 Adaptation of RACH in time domain
In legacy, the time domain configuration of RACH occasion (RO) is configured in an index manner via SIB or dedicated RRC signalling, i.e., by prach-ConfigurationIndex in RACH-ConfigGeneric, where the periodicity and time domain positions is mapped in TS 38.211. Besides, the parameters PRACH mask indexes (i.e., ra-ssb-OccasionMaskIndex) are also used to define RO associated with an SSB in which the MAC entity may transmit a Random-Access Preamble, and the mapping table is defined in TS 38.321.
Similarly, most work on the enhancement of adaptation mechanisms is also within R1 scope. Based on R1 minutes shown, R1 has made some general agreements on this.
	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 
· 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 RACH adaptation in time domain, R1 has already considered the related mechanisms, as well as legacy UE support. From R2 perspective, R2 may discuss the related spec impacts later based on decisions from R1.
Proposal 3 For adaptation of RACH in time domain, R2 relies on R1 for enhancement (if any) on top of legacy signalling framework of RACH periodicity adaptation.
2.3 Adaptation of RACH in spatial domain
In legacy, RACH resources for a cell are uniformly associated with each SSB in different directions. Especially for CBRA, gNB has to keep monitoring for RACH preambles at ROs associated with the SSB directs to an area with fewer UEs, which leads to unnecessary consumption of network energy.
Observation 3 Uniform RACH resource in spatial domain leads to unnecessary network energy consumption in the SSB directs to an area with fewer UEs.
Therefore, non-uniform RACH resource allocation per SSB could be considered in this situation. 
For the SSB directs to an area with fewer UEs, a smaller number of RACH preambles could be supported to configure for the ROs associated with this SSB, so that network could reduce power consumption on RACH preamble detection and processing in this direction. 
On the other hand, one may propose to switch off the RACH resource allocation for a SSB direction completely, but that will cause the SSB transmission of the concerned direction meaningless. In other words, if the intention is to configure zero RACH resource for a direction, gNB should switch off the SSB transmission of that direction completely, rather than transmitting SSB but allowing no RACH attempt.
Considering the latter direction is not included in WID, i.e., spatial domain adaptation of SSB is not included, the former one seems to be the only possibility to evaluate/study in Rel-19.
Observation 4 SSB transmission without associated RACH is meaningless.
Proposal 4 For RACH adaptation in spatial domain, R2 focuses on the scenario where each SSB associates with non-empty RACH resources in a non-uniform manner to evaluate the potential benefit.
Regarding legacy UE impact/handling, one option is to keep the original RACH resources and the new ones separately (e.g., in time-frequency resource level or in preamble level), to allow both legacy UE and Rel-19 NES UE to access this kind of NES cell. Another option is to consider preventing the access of legacy UE for this kind of NES cell, cell barring mechanism could be introduced to support this.
Proposal 5 For RACH adaptation in spatial domain, if R2 tends to support the feature, R2 discusses the following options for backwards compatibility:
Option 1: Prevent the access of legacy UE via barring;
Option 2: Separate RACH resources for legacy UEs and Rel-19 NES UEs;
2.4 Adaptation of Paging
In legacy, the PF and PO for paging are determined by the following formulae:
	SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N),
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns,


where T denotes DRX cycle of the UE, N denotes the number of total paging frames in T, Ns denotes the number of paging occasions for a PF, PF_offset is the offset used for PF determination, and UE_ID is derived based on 5G-S-TMSI. The legacy PF/PO determination mechanism has already supported to confine the PF/PO in the time domain based on the adjustment of parameters N/Ns.
Observation 5 The legacy PF/PO determination mechanism has already supported to confine the PF/PO in the time domain based on the adjustment of parameters N/Ns.
In our understanding, Rel-19 NES could still follow the legacy framework of N/Ns based PF/PO window adjustment. Meanwhile, in order to achieve better network power saving, value range extension of N/Ns to allow sparser PFs per paging cycle could be considered.
Proposal 6 [bookmark: _Hlk162220848]For adaptation of paging in PF/PO level, R2 discusses value range extension of N/Ns to allow sparser PFs per paging cycle, i.e., smaller value of N and larger value of Ns.
[bookmark: _Hlk162800270]If value range extension of N/Ns is adopted, the legacy UE impact/handling needs to be discussed also. Considering the additional value of N/Ns cannot be recognized by legacy UE, similarly, either cell barring mechanism for Rel-19 NES cell to prevent the access of legacy UE or separate paging resources for legacy UEs and Rel-19 NES UEs should be considered.
Proposal 7 For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
Option 1: Prevent the access of legacy UE via barring;
Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs;
Besides, note that there is also eDRX based paging mechanism for RRC_IDLE and RRC_INACTIVE UE. For eDRX based paging, if the UE operates in eDRX with an eDRX cycle greater than 10.24 seconds, H-SFN, PH (Panging Hyper Frame) and PTW (Paging Time Window) are used to describe the POs that need to be monitored by this UE, i.e., UE monitors POs during a periodic PTW configured for the UE, where the PTW is UE-specific and is determined by a PH, a starting position within the PH (PTW_start) and an ending position (PTW_end). PH, PTW_start and PTW_end are given by the formula of CN paging or RAN paging. 
To obtain network power saving gain as much as possible, R2 may further discuss whether need to touch eDRX based paging mechanism in paging adaptation topic, i.e., whether need to consider paging adaptation enhancement in PH domain, a longer time scale. 
In legacy, the eDRX based paging is consecutive in PH domain, as shown as the following formulae:
	The PH for CN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX, CN= (UE_ID_H mod TeDRX, CN), where
-	TeDRX, CN: UE-specific eDRX cycle in Hyper-frames, (TeDRX, CN = 2, …, 1024 Hyper-frames) configured by upper layers.
The PH for RAN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_RAN= (UE_ID_H mod TeDRX_RAN), where
-	TeDRX_RAN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_RAN = 2, …, 1024 Hyper-frames) configured by RRC.


It requires network to wake up at each PH to be ready for paging different UEs. For Rel-19 NES, compact paging in PH domain could be considered, i.e., revise the PTW formula to make PH for paging distributed in a sparser manner, so as to allow network to be in a sleep state at the PHs not for paging. In this way, the effect of network power saving is achieved in a longer time scale. 
Proposal 8 R2 discusses whether need to consider PH level paging adaptation topic.
3. Conclusion
[bookmark: _Hlk162822557]Based on the discussion above, we made the following observations and proposals:
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Adaptation of SSB in time domain
Observation 1 From R2 perspective, only SSB adaptation mechanism indicated or configured by gNB without UE trigger is supported.
Proposal 1 For adaptation of SSB in time domain, R2 relies on R1 for enhancement (if any) on top of legacy signalling framework of SSB periodicity adaptation.
Observation 2 Adaptation of SSB in time domain applies to all RRC modes.
Proposal 2 R2 discusses whether legacy UE should be prevented from accessing cells with Rel-19 SSB time-domain adaptation.
Adaptation of RACH in time domain
Proposal 3 For adaptation of RACH in time domain, R2 relies on R1 for enhancement (if any) on top of legacy signalling framework of RACH periodicity adaptation.
Adaptation of RACH in spatial domain
Observation 3 Uniform RACH resource in spatial domain leads to unnecessary network energy consumption in the SSB directs to an area with fewer UEs.
Observation 4 SSB transmission without associated RACH is meaningless.
Proposal 4 For RACH adaptation in spatial domain, R2 focuses on the scenario where each SSB associates with non-empty RACH resources in a non-uniform manner to evaluate the potential benefit.
Proposal 5 For RACH adaptation in spatial domain, if R2 tends to support the feature, R2 discusses the following options for backwards compatibility:
	Option 1: Prevent the access of legacy UE via barring;
Option 2: Separate RACH resources for legacy UEs and Rel-19 NES UEs;
Adaptation of Paging
Observation 5 The legacy PF/PO determination mechanism has already supported to confine the PF/PO in the time domain based on the adjustment of parameters N/Ns.
Proposal 6 For adaptation of paging in PF/PO level, R2 discusses value range extension of N/Ns to allow sparser PFs per paging cycle, i.e., smaller value of N and larger value of Ns.
Proposal 7 For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
Option 1: Prevent the access of legacy UE via barring;
Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs;
Proposal 8 R2 discusses whether need to consider PH level paging adaptation topic.
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