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Introduction
It was agreed in WID [1] to specify adaptation of common signal/channel transmission.
	3. 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 SI stage, it is common understanding that adaptation of common signal/channel transmission can enable a cell switching between on and off, which provides energy saving gain.

Adaptation of SSB in time domain

1.1 Concept of adaptation of SSB in time domain
Concept of adaptation of SSB in time domain is illustrated as follows.
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Figure 1: Concept of adaptation of SSB in time domain

1.2 Even triggering: SSB adaptation + cell on/off
UEs in idle/inactive state
For UEs in idle/inactive state, SSB is used for UE to achieve DL sync and perform L3 measurement for serving cell and neighboring cell.
In general, a NES cell can send long SSB periodicity (e.g. 160ms) only for UE(s) to perform L3 measurement of neighboring cell, e.g. through SMTC. Once upon receiving Msg1/Msg3/UL-WUS, gNB can be aware of UE(s) re-selecting or random-accessing the NES cell, so the NES cell can send short SSB periodicity (e.g. 20ms) to assist UE(s) to achieve better DL sync and L3 measurement for serving cell (the NES cell). It can be jointly considered with on-demand SIB1 for UEs in idle/inactive state. An example of the joint consideration can be shown as the following figure.
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Figure 2: Example of joint consideration of adaptation of SSB in time domain and on-demand SIB1
Observation 1: For UEs in idle/inactive state, gNB can change SSB periodicity of an NES cell, which can operate together with on-demand SIB1.
In other words, the NES cell can send on-demand SIB1 to inform UE that SSB periodicity in the NES cell is updated.  SSB periodicity update can be realized by new SSB configuration or additional SSB configuration (if a baseline SSB configuration has been configured to UE).
Proposal 1: For UEs in idle/inactive state, UE can receive on-demand SIB1 in NES cell and then receive new/additional SSB configuration in on-demand SIB1.

UEs in connected state
For UEs in connected state, SSB is used for UE to achieve DL sync and perform L1/L3 measurement, BM, BFD and RLM. Although CSI-RS can be also used, in general cases CSI-RS should have SSB as QCL source, since CSI-RS cannot be standalone and basic time reference is based on SSB.
For CA, a SCell in off state can send long SSB periodicity (e.g. 160ms) for UE(s) to perform L3 measurement of neighboring cell (the SCell). When gNB switches the SCell on and activates the SCell for UE(s), the SCell can send short SSB periodicity (e.g. 20ms) to assist UE(s) to achieve better DL sync and L3 measurement for serving cell (the SCell). It can be jointly considered with on-demand SSB for UEs in connected state. In this case, on-demand SSB is “dense SSB”. The joint consideration can be shown as the following figure.
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Figure 3: Example of joint consideration of adaptation of SSB in time domain and on-demand SSB for SCell
Observation 2: For UEs in connected state, gNB can change SSB periodicity of a SCell in CA, which can operate together with on-demand SSB for CA.
Actually, this scenario has been agreed as Scenario #3 in Section 9.5.1, i.e. after UE receives SCell activation command. Moreover, the corresponding SSB adaptation has been widely discussed in Section 9.5.1.
Proposal 2: For UEs in connected state, UE can receive new/additional SSB configuration in SCell after receiving SCell activation, which can be also discussed in Section 9.5.1.

1.3 Mechanisms for SSB adaptation
In RAN1#116 [2], mechanisms of SSB adaptation are listed as follows.
	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


RAN1 also agreed to study further applicable scenarios and associated legacy UE impact/handling.
	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)


For event triggering, we prefer the following mechanisms for SSB adaptation:
· 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]
In our view, “Adaptation based on two SSB configurations where up to two configurations can be active” and “Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration” are both in the umbrella of “Adaptation of SSB burst periodicity”.
For “Adaptation based on two SSB configurations where up to two configurations can be active”, the two configuration may mean the two periodicities, so it may mean the two periodicities adaptation..
For “Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration”, the single configuration may mean the single periodicity, but skipping/transmitting some SSB bursts non-uniformly can be regarded as a special case of adaptation of SSB periodicities. Moreover, skipping/transmitting some SSB bursts non-uniformly is actually SSB periodicities switching based on UE target PF/PO, which may be discussed in paging DTX.
Therefore, for event triggering based SSB adaptation, adaptation of SSB burst periodicity can be considered, e.g. adaptation of two SSB burst periodicities.
Proposal 3: For event triggering based SSB adaptation, adaptation of SSB burst periodicity can be considered, e.g. adaptation of two SSB burst periodicities.

Adaptation of paging in time domain

1.4 Concept of adaptation of paging in time domain
Concept of adaptation of PO including confining POs in time domain is illustrated as follows.
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Figure 4: Concept of adaptation of PO including confining POs in time domain

1.5 Periodic DTX: Paging DTX + SSB DTX
In our view, adaptation of SSB/paging is tightly related to UEs in idle/inactive state, so adaptation of SSB and paging can be discussed together.
UEs in idle/inactive state
For idle/inactive UEs, it is common understanding that paging (PF/PO) can be confined within a window, which can be regarded as a periodic DTX, e.g. paging DTX.
Furthermore, to allow gNB entering deeper sleep, SSB can be also adaptive inside and outside the window. It can be called SSB DTX also.
Hence, paging/SSB DTX can be considered.
Proposal 4: For UEs in idle/inactive state, paging/SSB DTX can be considered.
In addition, R18 cell DTX can be extended for idle/inactive UEs. In other words, cell DTX for idle/inactive UEs can be introduced, which at least includes paging/SSB DTX.
Proposal 5: For UEs in idle/inactive state, extending R18 cell DTX to cover idle/inactive UEs can be considered.

UEs in connected state
For connected UEs, since some signals/channels have been confined in a window (active period) according to R18 cell DTX framework, SSB can be also adaptive inside and outside the window. In other words, R18 cell DTX can be extended and has impact SSB reception for connected UEs.
Proposal 6: For UEs in connected state, extending R18 cell DTX to impact SSB reception for connected UEs can be considered.

1.6 Paging window vs. paging cycle
In RAN1#116 [2], it was agreed that RAN1 studies mechanism of adaptation of paging occasions and the corresponding network energy gain.
	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


There are two alternatives basically to confined POs in a paging window:
· Alt-1: The paging window includes a set of paging cycles
· Alt-2: The paging window is included in a paging cycle
For Alt-1, it means the paging window includes multiple paging cycles, and has periodicity of multiple paging cycles. Since paging cycle is long enough (e.g. 1.28s), Alt-1 will cause long latency for paging.
For Alt-2, it means the paging window has periodicity less than a paging cycle. Alt-2 has no latency issue.
According to the note “Note: there shall be no paging latency increase”, we prefer Alt-2.
Proposal 7: The paging window is included in a paging cycle.

1.7 Mechanisms for SSB adaptation
For periodic DTX, we prefer the following mechanisms for SSB adaptation:
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Cell DTX for SSB adaptation
In fact, for periodic DTX, “cell DTX for SSB adaptation” may cover “Adaptation of SSB burst periodicity” and “Adaptation based on two SSB configurations where up to two configurations can be active”, since essence is DTX.
Proposal 8: For periodic DTX based SSB adaptation, cell DTX for SSB adaptation can be considered.

Adaptation of PRACH in time domain

1.8 Concept of adaptation of PRACH in time domain
Concept of adaptation of PRACH in time domain is illustrated as follows.
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Figure 5: Concept of adaptation of PRACH in time domain

1.9 Additional PRACH resource
For UEs in idle/inactive state, PRACH is used for gNB to calculate TA (assist UE to achieve UL sync) and detect UE initiating random access.
If gNB realizes more UEs are initiating random access, gNB can use short PRACH periodicity (more RACH occasions) to balance load in each RACH occasion, and vice versa. Meanwhile, gNB should inform UE that PRACH periodicity is updated.
For UE in connected state, PRACH is used for gNB to re-calculate TA (assist UE to re-achieve UL sync), when UE is RLF/BF.
Similar to idle/inactive state, gNB can change PRACH periodicity for load balancing. Meanwhile, gNB should inform UE that PRACH periodicity is updated.
Observation 3: PRACH periodicity can be updated adaptively.
In RAN1#116 [2], it was agreed to introduce additional PRACH resource, e.g. adaptation of PRACH periodicity/RO, adaptation of PRACH association period/association pattern period, extending cell DRX.
	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



1.10 Even triggering: PRACH adaptation + cell on/off
Event triggering for PRACH adaptation can be used similar to event triggering for SSB adaptation. For example, if a NES cell is switched on, the NES cell can send on-demand SIB1 to inform UE that PRACH periodicity in the NES cell is updated.
Proposal 9: UE can receive on-demand SIB1 in NES cell and then receive new/additional PRACH configuration in NES cell.

1.11 Periodic DRX
Whether to introduce periodic DRX, e.g. PRACH DRX or extending R18 cell DTX to cover PRACH, can be further studied.
Proposal 10: Whether to introduce periodic DRX, e.g. PRACH DRX or extending R18 cell DTX to cover PRACH, can be further studied.

1.12 Indications
[bookmark: _GoBack]In RAN1#116 [2], it was agreed that gNB can indicate PRACH adaptation at least, and UE triggering is FFS.
	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 our view, if event triggering for PRACH adaptation (e.g. through on-demand SIB1) is supported, PRACH adaptation is actually indicated by on-demand SIB1. It is too redundant for UE to trigger PRACH adaptation e.g. by PRACH based UL WUS.
Proposal 11: UE triggered PRACH adaptation has low priority for study.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following proposals.
Adaptation of SSB in time domain
Proposal 1: For UEs in idle/inactive state, UE can receive on-demand SIB1 in NES cell and then receive new/additional SSB configuration in on-demand SIB1.
Proposal 2: For UEs in connected state, UE can receive new/additional SSB configuration in SCell after receiving SCell activation, which can be also discussed in Section 9.5.1.
Proposal 3: For event triggering based SSB adaptation, adaptation of SSB burst periodicity can be considered, e.g. adaptation of two SSB burst periodicities.

Adaptation of paging in the time domain
Proposal 4: For UEs in idle/inactive state, paging/SSB DTX can be considered.
Proposal 5: For UEs in idle/inactive state, extending R18 cell DTX to cover idle/inactive UEs can be considered.
Proposal 6: For UEs in connected state, extending R18 cell DTX to impact SSB reception for connected UEs can be considered.
Proposal 7: The paging window is included in a paging cycle.
Proposal 8: For periodic DTX based SSB adaptation, cell DTX for SSB adaptation can be considered.

Adaptation of PRACH in time domain
Proposal 9: UE can receive on-demand SIB1 in NES cell and then receive new/additional PRACH configuration in NES cell.
Proposal 10: Whether to introduce periodic DRX, e.g. PRACH DRX or extending R18 cell DTX to cover PRACH, can be further studied.
Proposal 11: UE triggered PRACH adaptation has low priority for study.
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