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[bookmark: _Ref84031448][bookmark: _Ref87012988][bookmark: _Ref92717881]Introduction
	1. [bookmark: OLE_LINK1]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 



According to the WID, the adaptation of common signal/channel transmissions includes relaxing the periodicity of SSB, Paging Occasion (PO), and Random-Access Occasion (RO). Before considering the details of fast adaptation, it is also necessary to ensure that there are no negative impacts on legacy UEs. This contribution will address potential issues for legacy UEs in various scenarios.


[bookmark: OLE_LINK3][bookmark: _Ref159248700]Potential Issues for Legacy UE 
[bookmark: _Ref162984814]SSB Adaptation 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)




The agreement reached at the RAN1#116 meeting emphasizes that before moving forward with the design of time-domain adaptations for SSB, it is necessary to first comprehend the potential effects such changes might have on legacy UE.

Typically, legacy UEs depend on a 20-msec synchronization raster for detecting SSB, which is essential for cell search and network connection processes. Altering the timing of SSB transmissions could potentially make it more difficult for UE to discover and connect to the network. Such changes would negatively affect the cell search process for legacy UEs. Furthermore, after establishing a connection with a cell, UEs depend on the periodic transmission of SSBs for maintaining time and frequency synchronization before PO reception. The implications of such changes and the importance of preserving SSB bursts for legacy UEs are depicted in Figure 1, highlighting the potential impact on synchronization stability.
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[bookmark: _Ref158983762]Figure 1. Fast adaptation of SSB transmission will impact legacy idle mode UE


[bookmark: _Ref162984991]Observation 1: UE in idle/inactive mode use a default 20-ms synchronization raster for cell searches. The SSB within this raster should remain unchanged.
[bookmark: _Ref162984992]Observation 2: Dynamic adaptation to SSB periodicity can lead to poor synchronization result to legacy UEs in idle/inactive mode as illustrated in Figure 1. 


For UE in connected mode, measuring SSBs is essential for Beam Management (BM), Radio Link Monitoring (RLM), Radio Resource Management (RRM) and fine frequency/time tracking. If dynamic SSB adaptation is implemented, legacy UEs might not receive updated information about valid SSBs. Consequently, these UEs might attempt to measure SSBs that are not actually being transmitted, leading to inaccurate measurements.

Furthermore, UEs in connected mode measure SSBs without a fixed reference time, unlike in idle/inactive mode where paging occasions provide a reference. This absence of a reference time complicates the decision-making process regarding which SSBs can be omitted to conserve energy, as it's difficult to determine their relevance for connected mode UEs without potentially impacting their measurement accuracy.

[bookmark: _Ref162984994]Observation 3: Legacy UEs in connected mode may be uncertain about the availability of SSBs. Applying fast SSB adaptation could have a negative effect to legacy UEs.


[bookmark: OLE_LINK302][bookmark: OLE_LINK301]Implementing time-domain adaptation mechanisms for SSBs carries the risk that legacy UEs may miss crucial network communications or experience a decline in service quality. To prevent this, it is recommended to postpone SSB adaptation until it can be confirmed that such changes will not negatively affect legacy UEs. 

[bookmark: _Ref162985022][bookmark: OLE_LINK303][bookmark: OLE_LINK304]Proposal 1: RAN1 to further check whether negative impact to legacy UEs can be avoided before implementing features of time-domain adaptation mechanisms for SSBs.


PRACH Adaptation 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




In the last meeting, the trend of adaptation of PRACH resources is to focus on configuring additional resources for NES-capable UEs, alongside the standard resources for both legacy and NES-capable UEs. The strategy is outlined as follows:

· Legacy RO: A default configuration with a sparse period, serving both legacy and NES-capable UEs.
· Additional RO: Additional configuration with a dense period, designated for NES-capable UEs, which can be dynamically activated or deactivated as needed.

However, a significant challenge arises in idle mode, where the gNB is unable to determine the specific type of UEs in the network. If the gNB observe a rise in UE numbers (such as an increase in receiving msg1), it may be required to increase the RO. This action is beneficial if NES-capable UEs are in the majority. However, if legacy UEs predominate, a dynamic increase in the additional RO is unlikely to be useful.

[bookmark: _Ref162984995]Observation 4: The network is unable to differentiate between NES-capable UE and legacy UE when they are in idle/inactive mode. Thus, the advantages of adapting to additional/different PRACH resources are not well-defined.

Moreover, extending the period of the RO could result in delays for legacy UEs in connected mode. The UEs may experience delay in the beam recovery process when a beam failure occurs. These delays risk disrupting the re-establishment of a stable connection and, in certain instances, could result in a disconnection from the network. It is therefore essential to carefully assess the consequences of altering the RO period to avoid negatively impacting the connectivity of legacy devices in the network.

[bookmark: _Ref162984996]Observation 5: If the period of RO is extended, the legacy UE may experience a delay in the beam recovery procedure in the event of a beam failure, and it may even lead to disconnection from the network. 

As discussed in section 2.1, adapting the periodicity of SSB in the time domain can affect legacy UE. Therefore, in this section, we present the evaluation results of the power-saving gains from adapting the RO periodicity, without impacting SSB. Our evaluation is based on the following assumptions:

· Traffic type: FTP
· DRX settings: (Cycle, On, Inactivity Timer) = (160, 8, 100) msec
· SSB settings:
· Periodicity: 20 msec (default setting)
· Duration: 4 slots for 8 beams, 2 slots for 4 beams
· SIB settings:
· Periodicity: 20 msec, 40 msec
· Duration: 8 slots for 8 beams, 4 slots for 4 beams
· RO periodicity:
· Baseline: 20 msec
· Enhancement: 160 msec

Table 1 shows that without relaxing the SSB periodicity, the power-saving gain from adjusting RO periodicity is not significant (less than 5% power saving gain), even with low traffic load.

In line with the note from the WID, which states "there shall be no negative impact to legacy UEs, unless significant benefits are shown," it appears that RO adaptation does not fulfill this requirement. Consequently, we suggest deprioritizing the study of PRACH adaptation.

[bookmark: _Ref162984924]Table 1. Power saving gain by adjusting RO periodicity


[bookmark: _Ref162985018]Observation 6: Based on the simulation results in Table 1, the gain of PO adaptation not significant.
[bookmark: _Ref162985020][bookmark: OLE_LINK305]Observation 7: According to WID, the design of adaptation shall be no negative impact to legacy UEs, unless significant benefits are shown. PRACH adaptation does not fulfill the requirements of the WID.

[bookmark: _Ref162985024][bookmark: OLE_LINK306]Proposal 2: RAN1 to further check whether negative impact to legacy UEs can be avoided before implementing features of PRACH adaptation mechanisms.

[bookmark: _Ref101526679]Conclusion
In this contribution, the following observations and proposals are provided:

Observation 1: UE in idle/inactive mode use a default 20-ms synchronization raster for cell searches. The SSB within this raster should remain unchanged.

Observation 2: Dynamic adaptation to SSB periodicity can lead to poor synchronization result to legacy UEs in idle/inactive mode as illustrated in Figure 1.
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Figure 1. Fast adaptation of SSB transmission will impact legacy idle mode UE


Observation 3: Legacy UEs in connected mode may be uncertain about the availability of SSBs. Applying fast SSB adaptation could have a negative effect to legacy UEs.

Proposal 1: RAN1 to further check whether negative impact to legacy UEs can be avoided before implementing features of time-domain adaptation mechanisms for SSBs.




Observation 4: The network is unable to differentiate between NES-capable UE and legacy UE when they are in idle/inactive mode. Thus, the advantages of adapting to additional/different PRACH resources are not well-defined.

Observation 5: If the period of RO is extended, the legacy UE may experience a delay in the beam recovery procedure in the event of a beam failure, and it may even lead to disconnection from the network.

Observation 6: Based on the simulation results in Table 1, the gain of PO adaptation not significant.Table 1. Power saving gain by adjusting RO periodicity



Observation 7: According to WID, the design of adaptation shall be no negative impact to legacy UEs, unless significant benefits are shown. PRACH adaptation does not fulfill the requirements of the WID. 

Proposal 2: RAN1 to further check whether negative impact to legacy UEs can be avoided before implementing features of PRACH adaptation mechanisms.
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