3GPP TSG RAN WG1 #117                                                         R1-2404034
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Agenda Item:	9.5.3
Source:	Spreadtrum Communications
Title: 	Discussion on adaptation of common signal/channel transmission
Document for:	Discussion and decision

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
In RAN1#116bis [2], it was agreed to support DL indication for SSB adaptation at least.
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger


In RAN1#116bis, three scenarios were agreed to be supported or studied.
	Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· [bookmark: _Hlk164286497]Option A3: adaptation for SSB not on sync raster
· Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized 


We will discuss the DL indication based SSB adaptation for above three scenarios.

1.1 DL indication for serving cell for idle/inactive UEs
For idle/inactive UEs, SSB in serving cell is used to achieve DL sync and perform L3 measurement.
The serving cell for idle/inactive UEs supporting SSB adaptation could be an NES cell. The NES cell can send long SSB periodicity (e.g. 160ms) only for UEs to receive paging, process random access and perform L3 measurement, e.g. through SMTC. If the NES cell is aware of that UE will starts random access (e.g. due to network paging or UE PRACH), the NES cell can send DL indication for short SSB periodicity (e.g. 20ms) to assist UEs to achieve better DL sync.
Proposal 1: For serving cell for idle/inactive UEs, DL indication for SSB adaptation can be considered.

1.2 DL indication for PCell for connected UEs
For PCell for connected UEs, SSB in PCell is used to achieve DL sync and perform L1/L3 measurement including BM/BFD/RLM/RRM. In our view, for PCell for connected UEs, periodicity of SSB should be at least 20ms to reach performance and mobility requirement.
Observation 1: For PCell for connected UEs, periodicity of SSB should be at least 20ms to reach performance and mobility requirement.
PCell can send short SSB periodicity (e.g. 20ms) for UEs to process DL/UL traffic and perform L1/L3 measurement. If PCell is aware of UL out-of-sync, PCell can send DL indication for shorter SSB periodicity (e.g. 5ms) to assist UE(s) to achieve better DL sync, and send PDCCH order to trigger UE to transmit PRACH. However, aperiodic TRS may be enough for this case. Hence, using DL indication to trigger shorter SSB periodicity (e.g. 5ms) instead of aperiodic TRS should be justified.
Proposal 2: For PCell for connected UEs, using DL indication to trigger shorter SSB periodicity (e.g. 5ms) instead of aperiodic TRS should be justified.
In another case, before Msg4 for a UE, “PCell” is an NES cell with long SSB periodicity (e.g. 160ms). After Msg4 for the UE, the NES cell turns to be PCell. RRC signaling in Msg4 indicates short SSB periodicity (e.g. 20ms). It is similar to NCD-SSB defined in R17 for RedCap UE. However, NCD-SSB for non-RedCap UE will be specified in BWP without restriction (as Option C), in which NCD-SSB can be indicated by RRC signaling in Msg4. Therefore, if NCD-SSB for non-RedCap UE is specified for R18 BWP without restriction (as Option C), SSB adaptation for R19 eNES can reuse it.
Proposal 3: For Pcell for connected UEs, if NCD-SSB for non-RedCap UE is specified for R18 BWP without restriction (as Option C), SSB adaptation for R19 eNES can reuse it.

1.3 DL indication for SCell for connected UEs
For SCell for connected UEs, SSB in SCell is used to achieve DL sync and perform L1/L3 measurement including BM/BFD/RLM/RRM. In our view, for SCell for connected UEs after SCell activation is complete, similar to SCell for connected UEs, periodicity of SSB should be at least 20ms to reach performance and mobility requirement.
Observation 2: For SCell for connected UEs after SCell activation is complete, periodicity of SSB should be at least 20ms to reach performance and mobility requirement.
For a UE, before an SCell is completely activated by the UE, SSB adaptation can reuse on-demand SSB to be defined in agenda item 9.5.1 (i.e. on-demand SSB for SCell).
Proposal 4: Before SCell activation is complete, SSB adaptation can reuse on-demand SSB operations to be defined in agenda item 9.5.1.
After the SCell is completely activated by the UE, SCell is similar to PCell actually. As discussed for PCell for connected UEs, maybe RRC indicated NCD-SSB for non-RedCap UE is necessary to be introduced, but it does not fit for SCell for connected UEs.
Proposal 5: After SCell activation is complete, necessity of SSB adaptation for SCell for connected UEs should be justified.

1.4 Considering on-demand SIB1 for idle/inactive UEs
On-demand SIB1 for idle/inactive UEs can be considered as a special case for SSB adaptation for idle/inactive UEs. For example, an NES cell can send long SSB periodicity (e.g. 160ms) only for UEs to perform L3 measurement, e.g. through SMTC. Once upon receiving UL-WUS, gNB can be aware of UEs to camp on the NES cell, so the NES cell can send short SSB periodicity (e.g. 20ms) to assist UEs to achieve better DL sync and L3 measurement for the NES cell.
In other words, the NES cell can send on-demand SIB1 to inform UE that SSB periodicity in the NES cell is updated.
Proposal 6: If on-demand SIB1 for idle/inactive UEs is supported, SSB adaptation for idle/inactive UEs is supported either.

1.5 Mechanisms for SSB adaptation
In RAN1#116 [3], 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 under 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 7: 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
In RAN1#116, 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



1.6 PF DTX
In RAN2#125bis [4], adaptation of paging in time domain has some progresses.
Agreements on paging adaptation:
1. From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle.
2. For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3. 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 (assuming there are legacy UEs)
In above agreements, a) bundling PFs and b) reducing PFs (with increasing POs per PF) can be regarded as PF DTX.

1.7 SSB DTX
[bookmark: _GoBack]When PF DTX is supported, SSB periodicity should be long enough (e.g. 160ms) and each SSB is close to a bundle of PFs or a PF to allow gNB entering deeper sleep. However, it may cause large power consumption at UE side, if UE needs to process two SSB bursts before monitoring UE’s target PO, in which UE should wake up at least 320ms a prior to UE’s target PO.
Observation 3: Using long SSB periodicity for PF DTX may cause large UE power consumption.
Alternatively, SSB can be only transmitted close to a bundle of PFs or a PF. It can be called SSB DTX. It means R18 cell DTX can be extended for idle/inactive UEs. In other words, R18 cell DTX can be extended to support SSB DTX for idle/inactive UEs.
Proposal 8: For PF DTX (paging adaptation in time domain), R18 cell DTX can be extended to support SSB DTX for idle/inactive UEs.

Adaptation of PRACH in time domain
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 4: PRACH periodicity can be updated adaptively.
In RAN1#116, 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


In RAN1#116, it was agreed for DL indication for PRACH adaptation.
	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 RAN1#116bis, additional PRACH resource was elaborate, e.g. semi-static signaling based configuration for additional PRACH resource, separate SSB-RO-mapping for additional PRACH resource.
	Agreement
For adaptation of PRACH in time-domain, support at least the following: 
· Adaptation based on additional 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
· Configuration of additional PRACH resources is provided by semi-static signalling
· FFS: details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs
· FFS: adaptation mechanism for additional PRACH resources
· Note: No change to the existing PRACH configuration tables in 38.211
Agreement
For adaptation of PRACH in time-domain, support the following: 
· SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs (if any)
· FFS: whether/how to handle SSB-RO mapping if the additional PRACH resources overlap in both time and frequency with the PRACH resources for legacy UEs
· Note: SSB-RO mapping of the PRACH resources for legacy UEs is not impacted if Rel-19 UE uses these PRACH resources
· FFS: SSB-RO mapping for the additional PRACH resources 


In RAN1#116bis, it was agreed that PRACH adaption is applicable for idle/inactive/connected UEs.
	Agreement
Support adaptation mechanisms of PRACH in time-domain for following:   
· UE in idle/inactive mode
· UE in connected mode



1.8 DL indication for idle/inactive UEs
Different from SSB, PRACH is only used for UEs during random access and connected state, in which the serving cell can know information of UEs and have proper decisions for PRACH adaptation. The serving cell can be configured with PRACH with long periodicity (e.g. 160ms).
If the serving cell is aware of that UE will start random access (e.g. due to network paging), the serving cell can send DL indication for additional PRACH with short periodicity (e.g. 10ms) to reduce latency of RACH procedure.
Proposal 9: For idle/inactive UEs, DL indication for PRACH adaptation can be considered.

1.9 DL indication for connected UEs
If the serving cell is aware of UL out-of-sync, the serving can send DL indication for additional PRACH with periodicity (e.g. 10ms) to command UE to transmit PRACH. However, PDCCH order based contention free RACH resource (CFRA) may be enough for this case. Hence, using DL indication to trigger additional PRACH with periodicity (e.g. 10ms) instead of PDCCH order based CFRA should be justified.
Proposal 10: For connected UEs, using DL indication to trigger additional PRACH with periodicity (e.g. 10ms) instead of PDCCH order based CFRA should be justified.

Issues of SSB/paging/PRACH adaptation for connected UEs
In SI evaluation, SSB/paging/PRACH adaptation (i.e. command signals/channels adaptation) is mainly targeting for idle/inactive UEs or connected UEs with empty load. For connected UEs with empty load, optimization of RRC release is enough and it is up to gNB implementation. To be honest, for connected UEs with traffics, common signals/channels that has been reduced for overhead purpose as fundamental of 5G can provide noticeable network energy consumption.
Hence, in SI evaluation, network energy gain for SSB/paging/PRACH adaptation can be considered mainly for idle/inactive UEs.
Observation 5: In SI evaluation, network energy gain for SSB/paging/PRACH adaptation can be considered mainly for idle/inactive UEs.
In fact, if load is low/medium/high, gNB can easily use cell DTX/DRX to make active period to cover SSB/paging/PRACH. Network energy saving gain can be achieved largely. 
On the hand, if gNB indicates SSB/paging/PRACH periodicity update, UE performance may be degraded, which may be negative impact to network energy saving. If gNB enables SSB/paging/PRACH DTX/DRX, it falls back to leftover of R18 cell DTX for connected UEs. In R18, it was controversial especial for UE processing, and we expect it is still controversial. In a note of an agreement in agenda item 9.5.1 (i.e. on-demand SSB for SCell), UE expects that on-demand SSB transmission is in a periodic manner. 
	· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.


In our view, this may be also true for SSB adaptation for connected UEs, so extending R18 cell DTX to enable SSB DTX may be still controversial.
Observation 6: For connected UEs, SSB/paging/PRACH DTX/DRX may be still controversial as discussed in R18 cell DTX/DRX.
As mentioned above, for connected UEs, SSB/paging/PRACH adaptation can be replace by other techniques:
· SSB adaptation
· For PCell, aperiodic TRS may be enough
· For Scell, on-demand SSB in agenda item 9.5.1 may be enough
· RRC based NCD-SSB to be specified in BWP without restriction may be enough
· Paging adaptation
· Paging can be sent in other RRC message for connected UEs
· PRACH adaptation
· PDCCH order based CFRA may be enough
Observation 7: For connected UEs, SSB/paging/PRACH adaptation can be replace by other techniques.
For SSB/PRACH adaptation, we always assume periodicity of SSB/PRACH before DL indication is 160ms. However, it may be over optimistic for connected UEs, since performance/latency may be critical issues for connected UEs. In current real deployment, periodicity of SSB/PRACH in a normal cell may not be 160ms. It may be only feasible for NES cell for idle/inactive UEs.
Observation 8: It is not feasible for connected UEs in current real deployment that periodicity of SSB/PRACH can be is 160ms in anytime.
As mentioned above, issues of SSB/paging/PRACH adaptation for connected UEs in our view are listed as follows:
· In SI evaluation, network energy gain for SSB/paging/PRACH adaptation can be considered mainly for idle/inactive UEs
· SSB/paging/PRACH DTX/DRX may be still controversial as discussed in R18 cell DTX/DRX
· SSB/paging/PRACH adaptation can be replace by other techniques
· It is not feasible for connected UEs in current real deployment that periodicity of SSB/PRACH before DL indication is 160ms
To be honest, we think there could be risks that SSB/paging/PRACH adaptation for connected UEs is paper work only.
Proposal 11: Issues of SSB/paging/PRACH adaptation for connected UEs could be:
· In SI evaluation, network energy gain for SSB/paging/PRACH adaptation can be considered mainly for idle/inactive UEs
· SSB/paging/PRACH DTX/DRX may be still controversial as discussed in R18 cell DTX/DRX
· SSB/paging/PRACH adaptation can be replace by other techniques
· It is not feasible for connected UEs in current real deployment that periodicity of SSB/PRACH can be 160ms in anytime

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following proposals.
Adaptation of SSB in time domain
Proposal 1: For serving cell for idle/inactive UEs, DL indication for SSB adaptation can be considered.
Proposal 2: For PCell for connected UEs, using DL indication to trigger shorter SSB periodicity (e.g. 5ms) instead of aperiodic TRS should be justified.
Proposal 3: For Pcell for connected UEs, if NCD-SSB for non-RedCap UE is specified for R18 BWP without restriction (as Option C), SSB adaptation for R19 eNES can reuse it.
Proposal 4: Before SCell activation is complete, SSB adaptation can reuse on-demand SSB operations to be defined in agenda item 9.5.1.
Proposal 5: After SCell activation is complete, necessity of SSB adaptation for SCell for connected UEs should be justified.
Proposal 6: If on-demand SIB1 for idle/inactive UEs is supported, SSB adaptation for idle/inactive UEs is supported either.
Proposal 7: 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
Proposal 8: For PF DTX (paging adaptation in time domain), R18 cell DTX can be extended to support SSB DTX for idle/inactive UEs.

Adaptation of PRACH in time domain
Proposal 9: For idle/inactive UEs, DL indication for PRACH adaptation can be considered.
Proposal 10: For connected UEs, using DL indication to trigger additional PRACH with periodicity (e.g. 10ms) instead of PDCCH order based CFRA should be justified.
Proposal 11: Issues of SSB/paging/PRACH adaptation for connected UEs could be:
· In SI evaluation, network energy gain for SSB/paging/PRACH adaptation can be considered mainly for idle/inactive UEs
· SSB/paging/PRACH DTX/DRX may be still controversial as discussed in R18 cell DTX/DRX
· SSB/paging/PRACH adaptation can be replace by other techniques
· It is not feasible for connected UEs in current real deployment that periodicity of SSB/PRACH can be 160ms in anytime
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