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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_LINK143]In RAN1 #116b [1], the following is agreed:

Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger

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 

Agreement
Support adaptation mechanisms of PRACH in time-domain for following:   
· UE in idle/inactive mode
· UE in connected mode

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
· 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
· [bookmark: OLE_LINK91]Note: Impact to idle/inactive UEs shall be minimized 

Agreement
For adaptation of PRACH in spatial domain, 
· Study possibility of scenarios with non-uniform distribution of UEs in different beams 
· Note 6: Companies are encouraged to provide details on how they map UEs to different beams
· Study network energy savings gain achieved by non-uniform PRACH resource allocation across SSBs for scenarios with non-uniform distribution of UEs in different beams (if any), 
· Assume the following framework for network energy evaluation in FR1 and companies to report at least the below settings used in the evaluation/simulation
· 20ms SSB period
· 30kHz SCS, DDDSU TDD pattern
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E1: PRACH configurations 
· (legacy) PRACH resources according to the following PRACH configuration for all transmitted SSBs
· Case A1-1: PRACH configuration #5 (20ms) 
· Case A1-2: PRACH configuration #17 (10ms) 
· Case A2-1: PRACH configuration #0 (160ms) 
· (time-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration for all transmitted SSBs
· Case B1: PRACH configuration #17 (10ms) 
· Case B2: PRACH configuration #0 (160ms)
· Companies to report details of assumed time domain adaptation mechanism 
· (spatial-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration 
· Case C1: PRACH configuration #17 (10ms) 
· Case C2: PRACH configuration #0 (160ms)
· Companies to report details of assumed spatial domain adaptation mechanism, including details of non-uniform PRACH resource allocation across SSBs
· Setting F: Cat 1/Cat 2 BS as defined in TR38.864
· Setting G1: Number of SSB beams: 4,8 SSBs in a SSB burst with SSB pattern case C
· Note 1: Baseline to compare is Case C1 vs Case B1/A1-1/A1-2, Case C2 vs Case B2/A2-1
· Note 2: It is up to company to report the SSB-RO mapping ratio and FDMed RO number, etc
· Note 3: Other PRACH configuration index with different PRACH format other than format 0 is not precluded
· Note 4: Other SSB/SIB1/RACH periodicity/PRACH resource/configuration assumptions are not precluded (up to companies to report)
· Other frameworks for network energy evaluation are not precluded, e.g. including for FR2

This contribution provides our views on this topic. 
[bookmark: OLE_LINK3][bookmark: _Ref159248700]SSB Adaptation in Time Domain
[bookmark: OLE_LINK10]Potential Issues for Legacy UE
In RAN1 #116b [1], the following is agreed:

	[bookmark: OLE_LINK2]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
· [bookmark: OLE_LINK151]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
· [bookmark: OLE_LINK5]Option B2: adaptation for SSB that is not CD-SSB
· [bookmark: OLE_LINK7][bookmark: OLE_LINK152]Option B3: adaptation for SSB not on sync raster
· [bookmark: OLE_LINK145]FFS: Rel-19 NES-capable UE in idle/inactive mode
Note: Impact to idle/inactive UEs shall be minimized 



We have the following observations and proposals based on the agreement above.

[bookmark: OLE_LINK159]Observation 1: A UE's PCell may be another UE's SCell and vice versa. Adaptation mechanism(s) of SSB in time-domain should be consistent.

[bookmark: OLE_LINK44][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Observation 2: CD-SSB is an SSB associated with an RMSI. UE may obtain the inconsistent information from SIB and SSB due to their different transmission period.

[bookmark: OLE_LINK32][bookmark: OLE_LINK40][bookmark: OLE_LINK39][bookmark: OLE_LINK42]Proposal 1: To reduce the impact on connected mode UE, at least Option A2/B2 should be considered as a limitation for SSB adaptation.

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 as shown in Figure 1. 

[image: ]
[bookmark: _Ref158983762]Figure 1. Fast adaptation of SSB transmission will impact legacy idle mode UE

We hence have the following observations and proposals.

[bookmark: _Ref162984991][bookmark: OLE_LINK33]Observation 3: 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]
[bookmark: OLE_LINK41]Observation 4: Dynamic adaptation to SSB periodicity can lead to poor synchronization result to legacy UEs in idle/inactive mode as illustrated in Figure 1. 

[bookmark: OLE_LINK43]Proposal 2: To limit the impact to idle mode UE, Option A3/B3 should also be considered as a limitation for SSB adaptation (as there may be UEs camping on the PCell/SCell).

[bookmark: OLE_LINK146][bookmark: OLE_LINK150]Proposal 3: Consider Option A2/B2 and A3/B3 as a limitation for SSB adaptation in connected mode UE.
[bookmark: _Ref158990966]
Proposal 4: Do not support SSB adaptation for Rel-19 NES-capable UE in idle/inactive mode.

[bookmark: OLE_LINK147]Dynamic SSB Periodicity/Position Adaptation
For detailed design of dynamic SSB periodicity/position adaptation, we have the following proposals:
[bookmark: _Ref159251010][bookmark: OLE_LINK160][bookmark: OLE_LINK20]Proposal 5: Non-uniform SSB transmission during modification period (with an example in Figure 2) can be applied to ensure synchronization performance for legacy UEs.
[image: ]
Figure 2. Non-uniform SSB transmission adaptation

[bookmark: _Ref159251012][bookmark: OLE_LINK19][bookmark: OLE_LINK21]Proposal 6: The information regarding non-uniform SSB transmission can be signaled to UEs supporting dynamic adaptation to SSB periodicity. A bitmap that indicates whether an SSB burst will be transmitted during each interval of the updated SSB periodicity can be introduced. The length of the bitmap is determined by the ratio of the updated SSB periodicity to the SSB periodicity indicated in the SIB.

[bookmark: _Ref158990968][bookmark: OLE_LINK26]Proposal 7: A 3-bit indicator is used for updating the SSB period. This indicator allows for the selection of multiple predefined SSB periodicity options in SIB.
· For example, an indicator value of ‘001’ could correspond to an update of the SSB period (ssb-periodicityServingCell) to a periodicity of 5ms (ms5).

[bookmark: _Ref158990969]Proposal 8: For SSB position adaptation, the signaling depends on the carrier frequency range (Fc):
· For Fc ≤ 3GHz, a 4-bit indicator is utilized for "inOneGroup" updates.
· For 3GHz < Fc ≤ 6GHz, an 8-bit indicator is utilized for "inOneGroup" updates.
· [bookmark: OLE_LINK30]For Fc > 6GHz, an 8-bit indicator is utilized for "GroupPresence" updates, and another 8-bit indicator is utilized for "inOneGroup" updates.

[bookmark: _Ref159251015][bookmark: _Ref158990970][bookmark: OLE_LINK31]Proposal 9: To enable fast adaptation to SSB configuration, the updated information of SSB period and/or SSB position can be indicated through DCI. 
· FFS existing DCI formats or new DCI format
[bookmark: OLE_LINK148][bookmark: OLE_LINK153]PRACH Adaptation in Spatial Domain
[bookmark: OLE_LINK149]In RAN1 #116b [1], the following is agreed for the evaluation of PRACH adaptation in spatial domain.

	Agreement
For adaptation of PRACH in spatial domain, 
· Study possibility of scenarios with non-uniform distribution of UEs in different beams 
· Note 6: Companies are encouraged to provide details on how they map UEs to different beams
· Study network energy savings gain achieved by non-uniform PRACH resource allocation across SSBs for scenarios with non-uniform distribution of UEs in different beams (if any), 
· Assume the following framework for network energy evaluation in FR1 and companies to report at least the below settings used in the evaluation/simulation
· 20ms SSB period
· 30kHz SCS, DDDSU TDD pattern
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E1: PRACH configurations 
· (legacy) PRACH resources according to the following PRACH configuration for all transmitted SSBs
· Case A1-1: PRACH configuration #5 (20ms) 
· [bookmark: OLE_LINK158]Case A1-2: PRACH configuration #17 (10ms) 
· Case A2-1: PRACH configuration #0 (160ms) 
· (time-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration for all transmitted SSBs
· Case B1: PRACH configuration #17 (10ms) 
· Case B2: PRACH configuration #0 (160ms)
· Companies to report details of assumed time domain adaptation mechanism 
· (spatial-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration 
· Case C1: PRACH configuration #17 (10ms) 
· Case C2: PRACH configuration #0 (160ms)
· Companies to report details of assumed spatial domain adaptation mechanism, including details of non-uniform PRACH resource allocation across SSBs
· Setting F: Cat 1/Cat 2 BS as defined in TR38.864
· Setting G1: Number of SSB beams: 4,8 SSBs in a SSB burst with SSB pattern case C
· Note 1: Baseline to compare is Case C1 vs Case B1/A1-1/A1-2, Case C2 vs Case B2/A2-1
· Note 2: It is up to company to report the SSB-RO mapping ratio and FDMed RO number, etc
· Note 3: Other PRACH configuration index with different PRACH format other than format 0 is not precluded
· Note 4: Other SSB/SIB1/RACH periodicity/PRACH resource/configuration assumptions are not precluded (up to companies to report)
· Other frameworks for network energy evaluation are not precluded, e.g. including for FR2




[bookmark: OLE_LINK155][bookmark: OLE_LINK154][bookmark: OLE_LINK156]From the RAN1 #116b agreed evaluation assumption of PRACH adaptation in spatial domain, we can see that the SSB period is always set as 20ms. The achievable gain of PRACH adaptation in spatial domain would be evident only when the network energy consumption is dominated by the PRACH monitoring, which would hold when PRACH period is smaller than or equal to 20ms, i.e., Case C1 vs Case B1/A1-2 from the RAN1 #116b agreement.

[bookmark: OLE_LINK157][bookmark: OLE_LINK161]Observation 5: SSB period is always set as 20ms from the RAN1 #116b agreed evaluation assumption of PRACH adaptation in spatial domain. The achievable gain of PRACH adaptation in spatial domain would be evident only when the network energy consumption is dominated by the PRACH monitoring, which would hold when PRACH period is smaller than or equal to 20ms, i.e., Case C1 vs Case B1/A1-2 from the RAN1 #116b agreement.

Observation 6: It is worthwhile to develop the feature of PRACH adaptation in spatial domain in R19 if 10ms PRACH period (ex. PRACH configuration #17) is a default (or frequently used) setting from NW’s perspective.

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

Observation 1: A UE's PCell may be another UE's SCell and vice versa. Adaptation mechanism(s) of SSB in time-domain should be consistent.

Observation 2: CD-SSB is an SSB associated with an RMSI. UE may obtain the inconsistent information from SIB and SSB due to their different transmission period.

Proposal 1: To reduce the impact on connected mode UE, at least Option A2/B2 should be considered as a limitation for SSB adaptation.

Observation 3: UE in idle/inactive mode use a default 20-ms synchronization raster for cell searches. The SSB within this raster should remain unchanged.

Observation 4: Dynamic adaptation to SSB periodicity can lead to poor synchronization result to legacy UEs in idle/inactive mode as illustrated in Figure 1. 

Proposal 2: To limit the impact to idle mode UE, Option A3/B3 should also be considered as a limitation for SSB adaptation (as there may be UEs camping on the PCell/SCell).

Proposal 3: Consider Option A2/B2 and A3/B3 as a limitation for SSB adaptation in connected mode UE.

Proposal 4: Do not support SSB adaptation for Rel-19 NES-capable UE in idle/inactive mode.

Proposal 5: Non-uniform SSB transmission during modification period (with an example in Figure 2) can be applied to ensure synchronization performance for legacy UEs.

Proposal 6: The information regarding non-uniform SSB transmission can be signaled to UEs supporting dynamic adaptation to SSB periodicity. A bitmap that indicates whether an SSB burst will be transmitted during each interval of the updated SSB periodicity can be introduced. The length of the bitmap is determined by the ratio of the updated SSB periodicity to the SSB periodicity indicated in the SIB.

Proposal 7: A 3-bit indicator is used for updating the SSB period. This indicator allows for the selection of multiple predefined SSB periodicity options in SIB.
· For example, an indicator value of ‘001’ could correspond to an update of the SSB period (ssb-periodicityServingCell) to a periodicity of 5ms (ms5).

Proposal 8: For SSB position adaptation, the signaling depends on the carrier frequency range (Fc):
· For Fc ≤ 3GHz, a 4-bit indicator is utilized for "inOneGroup" updates.
· For 3GHz < Fc ≤ 6GHz, an 8-bit indicator is utilized for "inOneGroup" updates.
· For Fc > 6GHz, an 8-bit indicator is utilized for "GroupPresence" updates, and another 8-bit indicator is utilized for "inOneGroup" updates.

Proposal 9: To enable fast adaptation to SSB configuration, the updated information of SSB period and/or SSB position can be indicated through DCI. 
· FFS existing DCI formats or new DCI format

Observation 5: SSB period is always set as 20ms from the RAN1 #116b agreed evaluation assumption of PRACH adaptation in spatial domain. The achievable gain of PRACH adaptation in spatial domain would be evident only when the network energy consumption is dominated by the PRACH monitoring, which would hold when PRACH period is smaller than or equal to 20ms, i.e., Case C1 vs Case B1/A1-2 from the RAN1 #116b agreement.

Observation 6: It is worthwhile to develop the feature of PRACH adaptation in spatial domain in R19 if 10ms PRACH period (ex. PRACH configuration #17) is a default (or frequently used) setting from NW’s perspective.

Reference 
[bookmark: _Ref92443720][bookmark: _Ref158980975][bookmark: _Ref86848915]Chairman’s Notes (Younsun’s Session), RAN1 #116b (Rel-19 9.5.1 On-demand SSB SCell operation)
TR 38.864, “Study on network energy savings for NR(Release 18)”
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