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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#102 [1], a new WID has been approved with requirements for the adaptation of common signal/channel transmissions as following:
Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
0. Adaptation of SSB in time domain, e.g. adapting periodicity 
0. Adaptation of PRACH in time domain
0. Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
2. This study is to be done in 2Q’2024 only
0. Adaptation of paging occasions including confining the paging occasions in the time domain
3. Note: there shall be no paging latency increase
0. Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
The following agreements have been reached in RAN1#116 [2]:
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 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 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

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: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signalling/indication/configuration.

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)

In this contribution, we discuss our views on the issues to support ‘adaptation of common signal/channel transmissions’ during cell DTX/DRX, for UEs in idle/inactive mode or connected mode.
[bookmark: _Ref129681832]Discussion
Indication of common control channel adaptation for cell DTX/DRX
In Rel-18, common channels or signals such as SSB, Paging and PRACH continue to be transmitted even during non-active period of the DTX and/or DRX. In Rel-19, if the transmissions of common channels are not reduced during cell DTX/DRX operations, the benefit of reduced transmissions of dedicated channels during cell DTX/DRX could be lost as gNB still needs to be ready for periodic transmission of common channels/signals. 

The adaptation of common control channels/signals for UE in Idle/Inactive mode and connected mode may include the transmission of following DL channels:
· SSB
· PDCCH with common search space for SI, paging, RACH procedure
· RS for RLM/RRM and mobility management
[bookmark: _Hlk158194041]New or alternative configuration for common channels for Cell DTX/DRX inactive duration may be provided and is applicable for DTX/DRX non-active duration only. 
For connected mode UEs, the new set of configuration may be provided via dedicated RRC signaling and applied upon Cell DTX/DRX activation.  

For idle mode UEs, to maximize the sleep time of gNB, all or most common signals/channels may adopt the new/alternative configuration for cell DTX/DRX. The new set of configuration may be provided via system information. 
The enabling/disabling of the alternative configuration of common channel transmissions (e.g. reduced SSB transmissions or RACH occasions) during cell DTX/DRX non-active duration may be indicated dynamically in DCI format 2_9, and is applicable for DTX/DRX non-active duration only. For example, two bits can be indicated, one bit for DL common channels and one bit for UL common channels, such as the following:
· 11: Both DL and UL common channels will be transmitted as legacy 
· 10: DL will be transmitted as legacy, UL will not be transmitted or with reduced transmission occasion
· 01: DL will be transmitted on demand or with reduced transmission, UL will be transmitted as legacy
· 00: Both DL and UL will be transmitted on demand or with reduced transmission 

[bookmark: _Hlk158744908]Proposal 1: Support new or alternative configuration for common channels adaptation during cell DTX/DRX inactive.
Proposal 2:  Provide the new/alternative configuration of common channel adaptation associated with cell DTX/DRX non-active duration for idle mode UEs in system information.
Proposal 3: Support dynamic indication in DCI format 2-9 for the activation and deactivation of common channel adaptation during cell DTX/DRX non-active duration.

Adaptation of SSB transmissions in time domain
The following SSB adaptation may be considered for cell DTX/DRX inactive duration:
For SSB, less SSBs in a burst or longer SSB periodicity may be configurable for cell DTX/DRX inactive duration. To turn off SSB (and TRS) in some transmission occasions in cell DTX non-active duration, gNB can be configured to allow one transmission every n transmission occasions. gNB may also allow e.g. only the first SSB (and TRS) transmission occasion within a cell DTX/DRX non-active duration. Reduced transmission may be applicable for low mobility scenarios.
It is also beneficial to apply the on-demand SSB bursts to the cell DTX/DRX inactive duration only for SSB transmission adaptation, for example, SSB and TRS may be transmitted on demand during cell DTX/DRX inactive duration while resuming normal transmissions during cell DTX/DRX active duration. 
For the cell in non-active duration of cell DTX/DRX configuration, if no SSB is transmitted, DRS can be transmitted in addition during cell DTX inactive duration so that UE is able to detect/discover the cell. 
[bookmark: _Hlk158744941]Proposal 4: Support reduced SSB transmissions such as one transmission every n occasions for cell DTX/DRX inactive duration.
Proposal 5: Support on-demand SSB transmission during cell DTX/DRX inactive duration only.

[bookmark: _Hlk158718102][bookmark: _Hlk67056900]Adaptation of PRACH in time domain
A PRACH occasion can be considered ‘invalid’ if it falls within cell DRX inactive duration. gNB will not schedule corresponding PDCCH/PDSCH for those invalid RACH Occasions in cell DRX inactive duration. Rel-19 UE may send initial access request at PRACH occasions during cell DRX active time only, if cell DRX is activated.
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Figure 1 PRACH occasion skipped during cell DRX inactive

Proposal 6: PRACH occasion may be skipped during cell DRX inactive duration.
Less or different RACH occasions (RO) may be configured via prach-ConfigurationIndex during cell DRX inactive duration. In case an RO is validated only in active time of cell DRX, shorter RO period can be used to ensure there are enough ROs for beam sweeping or random access traffic.

A prach-ConfigurationIndex with longer period may be used such that there is no interaction with cell DRX when cell DRX is activated. For example, the time domain position of PRACH may be aligned with cell DTX/DRX configuration. It is also possible that when using ‘n_sfn mod x = y’ rule, x and y may be configured with more flexible values, including x>16 (e.g. 32, 64…).

The cell DTX/DRX may be explicitly configured and activated for Idle/Inactivate UE mode together with the alternative common signal configuration; or the cell DRX may be supported by configuring the RACH occasions well aligned within the active duration of cell DRX time window, hence achieving reduced RACH occasions under cell DTX/DRX for UEs in idle mode implicitly.
Proposal 7: PRACH configuration index may be enhanced to support longer periodicity and more flexible x, y values for cell DRX.
[bookmark: _Hlk158744835]
Common channel adaptation for paging 
On common channel adaptation for paging, during cell DRX inactive, less paging occasions may be configured by prolonging the default DRX cycle, e.g. using smaller N or Ns values. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]As shown in Figure 2,  paging occasion falls within cell DTX non-active period may be skipped. Rel-19 NES capable UE may only monitor paging occasions in cell DTX active time if cell DTX is activated and common channel adaptation for DL is enabled. 
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[bookmark: _Hlk158721027]Figure 2 - Paging occasion skipped during cell DTX inactive
Proposal 8: Paging occasion within cell DTX non-active period may be skipped.

PEI Indication across UE DRX cycle 
[bookmark: _Hlk158743366]Release 17 specifies that the UE in Idle and Inactive mode may receive a Paging Early Indication (PEI). PEI can indicate to the UE whether to decode paging in its PO. Paging occasions may be skipped during cell DTX inactive duration. PEI may also be enhanced to indicate if a PO will be skipped during the next cell DTX non-active period (one bit) and if paging information will be received during the next PO within cell DTX active period (another bit). Idle or inactive mode UEs will not need to wake up for PEI/PO monitoring when paging is not sent to them during cell DTX inactive duration. 

As shown in figure 3, PEI may be used to indicate the paging reception for the next cell DTX active duration. If the PEI indicates that the UE is to be paged, the UE will wake up at the next paging occasion within the upcoming cell DTX/DRX active period. If the PEI indicates ‘No Paging’, UE assumes that there is no paging information (and no associated SSB/TRS) for the next paging occasion within the next cell DTX/DRX active period. 

[image: ]

		Figure 3 - PEI indicating ‘paged’ for next cell DTX active

PEI indication may include an indication field specifying that the next PO within cell DTX non-active period will ‘NOT’ be skipped e.g. to be within a paging latency tolerance; or due to low SINR. If not present, the next PO within cell DTX non-active period will be skipped. 

If a PEI occasion coincides with cell DTX inactive duration, and there is no paging information, PEI may not need to be transmitted. If PEI is not received within cell DTX inactive duration, UE assumes that there is no PO (and no associated SSB/TRS) for this cell DTX inactive duration. If PEI is not received for a cell DTX active duration, UE may continue to monitor every PO within the cell DTX active duration.

Proposal 9: PEI indication may indicate if a PO can be skipped during the next cell DTX non-active period and if paging information will be received during the next PO within cell DTX active period.

Cell DTX/DRX adaptation based on UE indication 
For efficient handling of traffic bursts without Cell DTX/DRX de-activation, Cell DTX/DRX pattern adaptation may be applied without Cell DTX/DRX de-activation. Upon traffic arrival(e.g., a high priority service or a large traffic burst) during cell DTX/DRX non-active duration, the UE may indicate to the cell, that cell DTX/DRX pattern update is needed. 
One or more cell DTX/DRX non-active duration(s) may be cancelled without Cell DTX/DRX deactivation, and cell DTX/DRX non-active duration may become active duration for some number of DTX/DRX cycles. 
gNB may also indicate that one or more cell DTX/DRX non-active duration has become active duration for a specified time, e.g. via DCI format 2-9.  
Proposal 10: Support cancellation of cell DTX/DRX inactive cycles based on UE indication.

Conclusion
From the discussion, we have the following proposals:
Proposal 1: Support new or alternative configuration for common channels adaptation during cell DTX/DRX inactive.
Proposal 2:  Provide the new/alternative configuration of common channel adaptation associated with cell DTX/DRX non-active duration for idle mode UEs in system information.
Proposal 3: Support dynamic indication in DCI format 2-9 for the activation and deactivation of common channel adaptation during cell DTX/DRX non-active duration.
Proposal 4: Support reduced SSB transmissions such as one transmission every n occasions for cell DTX/DRX inactive duration.
Proposal 5: Support on-demand SSB transmission during cell DTX/DRX inactive duration only.
Proposal 6: PRACH occasion may be skipped during cell DRX inactive duration.
Proposal 7: PRACH configuration index may be enhanced to support longer periodicity and more flexible x, y values for cell DRX.
Proposal 8: Paging occasion within cell DTX non-active period may be skipped.
Proposal 9: PEI indication may indicate if a PO can be skipped during the next cell DTX non-active period and if paging information will be received during the next PO within cell DTX active period.
Proposal 10: Support cancellation of cell DTX/DRX inactive cycles based on UE indication.

References
[bookmark: _Ref534892461][1] RP-234065 New WID: Enhancements of network energy savings for NR
replaced by RP-240170
[2] Chairman's notes RAN1#116

image3.png
Cell DTX actve————><+———————————Cell DTX inactiv Cell DTX activ

SSB SSB

UE DRX cycle UE DRX cycle UE DRX cycle




image1.png
<+—————————————Cell DRX inactive Cell DRX actve———————>

\

////

UE DRX cycle UE DRX cycle UE DRX cycle UE DRX cycle




image2.png
<+——————————Cell DTX inactiv Cell DTX active

7%

7

UE DRX cycle UE DRX cycle UE DRX cycle UE DRX cycle




