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Introduction
The contribution provides our views on adaptation of common signal/channel transmissions that was agreed in RAN#102 as network energy savings enhancements for NR as follows:
	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 



Adaptation of SSB in Time Domain
RAN1#116 made the following agreements related to adaptation of SSB in time domain:
	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 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 signaling/indication/configuration 


NR supports cell-defining SSB (CD-SSB) and non-cell-defining SSB (NCD-SSB). The CD-SSB has associated SIB1 and transmitted in a cell supporting initial access/idle mode operation for idle/inactive UEs while the NCD-SSB does not have associated SIB1 and can be transmitted in a cell that may not support initial access/idle mode operation e.g., the secondary cell (Scell) in CA deployments. Furthermore, the NCD-SSB is only needed for UE connected mode operation e.g., for beam management, mobility management and QCL/power control framework or for a BWP without CD-SSB. 
The transmission of SSB may be adapted in time domain to enable the gNB to transmit SSB efficiently for energy savings. For example, the gNB may transmit SSB with a periodicity of 160ms when the cell has empty load while it transmits SSB with a periodicity of 20ms when the cell has some load. Additionally, for the additional SSB transmissions, the actually transmitted SSBs in the burst may also be updated. 
Two main questions were brought up during the RAN1#116 meeting discussion. First, whether SSB transmission adaptation is applicable to both idle/inactive UEs and connected UEs or to connected UEs only. Second, for connected UEs, whether it should be applied to both the Pcell and Scell or to only one of them.
For the first question, the following compares the pros and cons of each RRC state.
· Idle/Inactive mode UEs: for idle/inactive mode mobility, UEs search for SSBs on sync rasters and use the detected CD-SSBs which have associated SIB1 for their cell (re)selection procedures. In the legacy systems, for initial cell selection, the UEs assume SSBs are being sent every 20ms. Time-domain adaption of SSBs, with associated SIB1, would have a negative impact on the legacy UEs’ cell search (e.g., if the SSB transmission does not follow a regular 20ms periodicity). Moreover, sending CD-SSBs with associated SIB1 with larger periodicity would impact the initial access latency and idle mode operation. Hence, adapting SSB transmission in time domain for those SSBs is not preferable for legacy and idle/inactive UEs. 

· Connected mode UEs: adaptation of NCD-SSBs, SSBs that do not have associated SIB1, can be beneficial for NES, where the impact on the legacy and idle/inactive mode UEs can be avoided unless the periodicity of NCD-SSB is larger than 160ms. Assume the NCD-SSB is configured for both legacy UEs and R19 NES-capable UEs and the periodicity of NCD-SSB is larger than 160ms. In this case, the legacy UEs may not be able to know availability of the skipped SSB transmission when performing measurement and it may treat noise/interference as SSB measurement.
Observation 1: Adaptation of SSB in time domain for SSB with associated SIB1 has a negative impact on legacy UEs and idle/inactive UEs in terms of cell search, initial access latency and idle mode operation.
Observation 2: SSB adaptation in time domain can be applied to SSB that does not have associated SIB1.
For the second question, it is important to realize that the UE may be configured with NCD-SSB (SSBs with no associated SIB1) in the Pcell and/or the Scell. Since the network can adapt the NCD-SSB in a way that avoids impacting the legacy and idle/inactive mode UEs, it is possible to have NCD-SSB adaptation in both the Pcell and Scell. For example, the network can adapt NCD-SSB transmission in the Scell for Scell time/frequency synchronization, L1/L3 measurements and Scell activation when the UE is configured with CA.
Observation 3: For connected UEs, SSB adaptation in time domain can be applied to SSB that does not have associated SIB1 for both the Pcell and Scell.
The main parameters that determine the SSB transmission in time domain are the SSB burst periodicity and the SSBs within an SSB burst. Therefore, adapting these two parameters can be natural for SSB adaptation.
Proposal 1: Time domain SSB adaptation is not supported for the idle/inactive UEs.
Proposal 2: Discuss the following techniques for SSB adaptation for UEs in connected mode for SSB without associated SIB1.
· Adaptation of SSB burst periodicity.
· Adapting the number of actually transmitted SSBs within an SSB burst.
Adaptation of PRACH in Time Domain
The following agreement was made during RAN1#116 meeting:
	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



Based on the first bullet of the agreement, next step should be identifying how the additional PRACH resources should be added/configured which is discussed in the following subsection followed by the activation/deactivation and the association period and SSB-RO mapping considerations. 
Configuration of additional PRACH resources
In the following we present two options for the additional PRACH resources for R19 UEs.
· Option 1: In addition to the PRACH configuration index for the legacy UE, another PRACH configuration index is semi-statically configured to provide the PRACH configuration for R19 NES-capable UEs.
· Both configuration indices should correspond to the same preamble format
· It may be beneficial from NW/UE perspectives if PRACH resources in the first PRACH configuration index are a subset of the PRACH resources in the second PRACH configuration index. In particular, both UE and NW do not need to track two configurations simultaneously. This could be linearly scaled up if PRACH adaption is applied to multiple RACH procedures.
· Example: the following figure shows PRACH configuration index 3 provided for the legacy UEs with ROs represented in blue. The figure also shows PRACH configuration index 17 provided for the R19 UEs adding new ROs represented in pink.
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Figure 1 Configuring additional PRACH resources by adapting the PRACH configuration index
· Option 2: The PRACH configuration periodicity in the PRACH configuration index for the legacy UE is adapted to provide additional PRACH resources for the R19 NES-capable UEs.
· Example: the following figure shows PRACH configuration index 3 provided for the legacy UE which has a periodicity of 20 ms. It also shows how changing the periodicity from 20ms to 10ms will introduce the pink RO for the R19 UE.
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Figure 2 Configuring additional PRACH resources by adapting the PRACH periodicity

Observation 4: Additional PRACH resources can be defined by indicating a PRACH configuration index or changing the periodicity of the PRACH configuration.
Proposal 3: Discuss the following options to configure the additional PRACH resources:
· Option 1: In addition to the first PRACH configuration index for the legacy UE, a second PRACH configuration index is semi-statically configured to provide the PRACH configuration for R19 NES-capable UEs.
· Both configuration indices should correspond to the same preamble format
· FFS: whether PRACH resources in the first PRACH configuration index are a subset of the PRACH resources in the second PRACH configuration index
· Option 2: The PRACH configuration periodicity in the PRACH configuration index for the legacy UEs is adapted to provide additional PRACH resources for the R19 NES-capable UEs.
Furthermore, the additional PRACH resources configured for the R19 UEs should not introduce a new configuration that doesn’t currently exist in the specifications.
Proposal 4: New PRACH configuration index is not introduced to support time domain PRACH adaptation.
Network may indicate additional PRACH resources based on network information and UE coverage to reduce collision probability and reduce the latency of the random-access process. Since these conditions can be different per direction, additional PRACH resources could be added to serve only certain directions depending on the network load and UE distribution. A restriction can be added to the SSB/PBCH block indices that can be mapped to the additional PRACH resources. In other words, while the baseline configuration map all actually transmitted SSB/PBCH block indices to valid PRACH resources, only a subset of transmitted SSB/PBCH indices may map to the additional ROs.
Observation 5: Additional PRACH resources may map to a subset of the actually transmitted SSB blocks to enable PRACH spatial domain adaptation.
Proposal 5: Further discuss whether the additional ROs map to all or a subset of the actually transmitted SSBs.
Activation and deactivation of additional PRACH resources
For activation/deactivation of additional PRACH resources, we do not prefer to introduce new DCI format. Instead, we suggest discussing following options to activate/deactivate the additional PRACH resources for R19 NES-capable UEs. Furthermore, we prefer having the same activation/deactivation mechanisms for idle/inactive UEs and connected UEs.
· Option 1: SIB1/RRC
· The activation/deactivation of additional PRACH resources is provided in SIB1 (e.g., in the cell the UE camps to) or RRC (e.g., for RACH in Scell). When the activation/deactivation is in SIB1, the R19 idle/inactive UE would need to read SIB1 to find out if additional PRACH resources are available or not.
· In the current specs, when SIB1 is updated, the gNB may need to inform UE on the SIB1 update via short paging message. gNB sends SIB1 update notification due to the activation/deactivation of additional PRACH resources, it would wake up all UEs including legacy UEs for SIB1 reacquisition, which is not efficient. From our perspectives, no SIB1 update notification is necessary if the update is only for the activation/deactivation of additional PRACH resources. There are some similar instances where SI update does not require SI update notification to the UEs. For example, change of si-RequestResources in SI-RequestConfig in SIB1 for on-demand OSI procedure does not result in system information change notification according to TS 38.331.
· Option 2: DCI format 2_7
· This requires UE support DCI format 2-7 that was introduced in Rel-17.
· Option 3: Paging DCI 
· Currently, if TRS availability indication is provided, there may not be reserved bits in the paging DCI.
The motivation of having fast PRACH adaptation is unclear. In the current system, SIB1 carrying RACH configuration is updated very infrequently. For PRACH adaptation, it should be sufficient to have the availability of additional PRACH resources updated every SI modification period. This also helps minimizing UE implementation change in managing the RACH configuration update. Therefore, the indicated activation/deactivation is applied in the next SI modification period. From these options, our preference is Option 1 (i.e., SIB1/RRC). 
Proposal 6: No new DCI format is introduced for activation/deactivation of additional PRACH resources.
Proposal 7: RAN1 strives to have a common activation/deactivation mechanism for idle/inactive/connected UEs.
Proposal 8: At least support activation/deactivation of the additional PRACH resources via SIB1/RRC. Additionally, consider paging DCI (if reserved bits are available) or DCI format 2_7 for the activation/deactivation.
· The activation/deactivation in SIB1 does not result in SI change notification.
· The indicated activation/deactivation is applied in the next SI modification period. 
Another question to be asked is once the network indicates an activation of the additional PRACH resources, for how long would these resources be active for? One option is that the network keeps the activation/deactivation until another explicit deactivation/activation is indicated by the network. The other option is that the activation/deactivation would last for a given amount of time.
Proposal 9: Discuss whether the activation/deactivation of PRACH resources would be timer-based or explicit.
Association period and SSB-RO mapping
The association period is defined based on the available PRACH occasions and their mapping to SSBs. Upon dynamic activation/deactivation of additional PRACH resources, the number of available PRACH occasions may change which may impact the association period. However, since the activation/deactivation is opportunistic, changing the association period relative to the activation/deactivation indication may lead to additional complexities that doesn’t have a strong motivation. Therefore, it is beneficial to keep the association period independent from the activation/deactivation of the additional PRACH resources.
Proposal 10: The association period definition for the R19 UEs should not be changed due to the time domain adaptation of PRACH.
Additional PRACH resources activated for the R19 UE can be mapped to SSBs either jointly with legacy RACH occasions or separately from legacy RACH occasions.
· Option 1: Separate SSB-RO mapping
· In separate mapping, the R19 UE maps the SSB indices to the legacy ROs according to the legacy rules. In addition, R19 UE independently maps certain SSB indices to the additionally added ROs.Figure 3 Separate SSB-RO mapping for the legacy and additional PRACH resources



· Option 2: Joint SSB-RO mapping
· In joint mapping, the R19 UE maps SSB to ROs according to the current rules without any differentiation between legacy and additional ROs. In certain cases, joint mapping may lead to inconsistencies between SSB indices for RACH occasions. For example, in the following figure, the last two ROs map to SSB2 and SSB3 while the R19 UE maps SSB0 and SSB1 to the same ROs.
Figure 4: Joint SSB-RO mapping for all legacy and additional PRACH resources.


Proposal 11: SSB-RO mapping should be done independently for the legacy ROs and the additional R19 UE ROs (i.e., Option 1).
Adaptation of PRACH in Spatial Domain
Spatial domain adaptation can achieve network energy saving by the proper optimization of the number of ROs for each direction which matches the number of UEs in the coverage area of each direction.
First, we show that number of UEs in the coverage area of each direction is non-uniform. Second, we present our views on how PRACH spatial domain adaptation can be achieved and lastly show the network energy saving gain obtained by PRACH spatial domain adaptation.
Distribution of UEs across the coverage area of a cell
In this section, we would like to show the practicality of the assumption that the number of UEs in the coverage region of each SSB index is non-uniform. We start with a single cell in FR2 deployment and count the number of UEs in the coverage area of different azimuth directions (e.g., for 24 azimuth directions). Figure 5 shows the ratio of the UEs for each angle and the minimum SNR in the respective angles. The figure shows that for certain directions (angle > 25 degrees), the number of UEs in the coverage area are much smaller than other directions.Figure 5: Distribution of the UEs in the coverage region.



Second, to show that this observation is not an isolated cell observation, the following figure shows the distribution of the non-uniformity across multiple cells measured in terms of the spatial coverage ratio that hosts 80% of the UEs. What this distribution shows is that 50% of the cells host 80% of the UE population in 34% (or less portion) of their spatial coverage area. The figure also shows how a uniform distribution would look like. Clearly, the distribution of the UEs is highly non-uniform. Hypothetical uniform coverage
Figure 6: Distribution of spatial coverage region hosting 80% of UE population.



Observation 6: In practice, the distribution of the UEs across the coverage regions of different beams is highly non-uniform.

Spatial domain adaptation methods and energy saving
Spatial domain adaptation can be achieved by leveraging the time domain PRACH adaptation framework by adding PRACH occasions that map to a subset of transmitted SSBs. The following figure shows three different scenarios in TDD FR1, starting with PRACH configuration index 17. The second row represents time domain PRACH adaptation which can be derived from the first row by changing the periodicity from 20ms to 10ms. In the last row only additional PRACH resources that map to a subset of transmitted SSB indices remain active/valid which will eventually lead to having additional PRACH resources serving a subset of beams. Mapping to a subset of SSBs is what achieves spatial domain adaptation and results in the PRACH resources shown in the third row.

Figure 7: First row: Baseline PRACH config index 17 (FR1-unparied spectrum), Second row: PRACH time domain adaptation, Third row: Spatial domain adaptation.
Observation 7: Spatial domain adaptation can be achieved by leveraging the PRACH time domain adaptation framework and applying a restriction to the SSB indices mapped to the additional PRACH resources.
Network energy saving is achieved by spatial domain adaptation by utilizing the non-uniformity of UE distribution across the coverage region of each beam. The energy saving can be looked at from the lens of PRACH time domain adaptation. In other words, when the network applies PRACH time domain adaptation, if it applies it only in the directions that need additional PRACH resources, how much energy saving will be achieved.
For FR1, Fig. 7 shows PRACH configuration index 17 as a baseline configuration shown in the first row. The second row represents the PRACH time domain adaptation while the third-row mutes certain PRACH resources achieving spatial domain adaptation. In this scenario, we assume SIB1 periodicity of 160ms, SSB periodicity of 20ms. By using the reference configuration for the BS power consumption model for category 1, Set 1 FR1, the following table which is also represented in the following bar chart gives the equivalent power of each scenario.
 Figure 8: Network average power consumption for a baseline PRACH configuration, time domain adaptation and Spatial domain adaptation in FR1


As the figure shows, even though time domain adaptation consumes 19% more energy due to the additional PRACH resources, spatial domain adaptation can save 10% of energy consumption by properly adding PRACH resources for the directions that need them the most. Figure 9: First row: Baseline PRACH config index 69 (FR2), Second row: PRACH time domain adaptation, Third row: Spatial domain adaptation.




For FR2, Fig. 9 shows PRACH configuration index 69 (Table 6.3.3.2-4) [2] as a baseline configuration in the first row. We assume there are 32 SSB beams and 120kHz SCS. PRACH configuration index 69 has a periodicity of 20ms. By applying time domain adaptation by adapting the periodicity to 10ms, we obtain double the number of PRACH resources. By selectively muting certain PRACH resources such that 25% of the SSBs indices map to 2 ROs while the remaining SSBs map to one RO each we can achieve spatial domain adaptation. The following table which is also represented in the following bar chart shows the average power consumption for each case showing that 7% of network energy saving can be achieved via spatial domain adaptation.
Figure 10: Network average power consumption for a baseline PRACH configuration, time domain adaptation and Spatial domain adaptation in FR2


Observation 8: The studied scenarios show that spatial domain PRACH adaptation can save 10% in FR1 and 7% in FR2 network power consumption compared to time domain PRACH adaptation in no-load scenarios.
As the results show, spatial domain adaptation has a significant network energy saving gain and hence, supporting spatial domain adaptation will have a significant impact.
Proposal 12: Support spatial domain adaptation by leveraging the PRACH time domain adaptation framework.

Paging Enhancements
RAN1#116 made the following agreement related to paging:
	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



Confining paging occasions would require a new determination rule for the R19 UE to determine the new PF/PO. However, even with paging resources that are known only to the R19 UEs, since paging is opportunistic transmission, network may decide to have all the UEs paged on the legacy paging resources. Therefore, the network needs to indicate whether the R19 UE should follow the legacy paging resources, R19 paging resources (if configured) or both.
Proposal 13: Network should indicate to the R19 UE whether to follow the legacy paging resources or the R19 paging resources through system information.

Conclusion
The contribution has discussed our views on adaptation of signal/channel transmissions. In particular, we make the following observations and proposals:
SSB adaptation in time domain
Observation 1: Adaptation of SSB in time domain for SSB with associated SIB1 has a negative impact on legacy UEs and idle/inactive UEs in terms of cell search, initial access latency and idle mode operation.
Observation 2: SSB adaptation in time domain can be applied to SSB that does not have associated SIB1.
Observation 3: For connected UEs, SSB adaptation in time domain can be applied to SSB that does not have associated SIB1 for both the Pcell and Scell.

Proposal 1: Time domain SSB adaptation is not supported for the idle/inactive UEs.
Proposal 2: Discuss the following techniques for SSB adaptation for UEs in connected mode for SSB without associated SIB1.
· Adaptation of SSB burst periodicity.
· Adapting the number of actually transmitted SSBs within an SSB burst.

PRACH adaptation in time domain
Observation 4: Additional PRACH resources can be defined by indicating a PRACH configuration index or changing the periodicity of the PRACH configuration.
Observation 5: Additional PRACH resources may map to a subset of the actually transmitted SSB blocks to enable PRACH spatial domain adaptation.

Proposal 3: Discuss the following options to configure the additional PRACH resources:
· Option 1: In addition to the first PRACH configuration index for the legacy UE, a second PRACH configuration index is semi-statically configured to provide the PRACH configuration for R19 NES-capable UEs.
· Both configuration indices should correspond to the same preamble format
· FFS: whether PRACH resources in the first PRACH configuration index are a subset of the PRACH resources in the second PRACH configuration index
· Option 2: The PRACH configuration periodicity in the PRACH configuration index for the legacy UEs is adapted to provide additional PRACH resources for the R19 NES-capable UEs.
Proposal 4: New PRACH configuration index is not introduced to support time domain PRACH adaptation.
Proposal 5: Further discuss whether the additional ROs map to all or a subset of the actually transmitted SSBs
Proposal 6: No new DCI format is introduced for activation/deactivation of additional PRACH resources.
Proposal 7: RAN1 strives to have a common activation/deactivation mechanism for idle/inactive/connected UEs.
Proposal 8: At least support activation/deactivation of the additional PRACH resources via SIB1/RRC. Additionally, consider paging DCI (if reserved bits are available) or DCI format 2_7 for the activation/deactivation.
· The activation/deactivation in SIB1 does not result in SI change notification.
· The indicated activation/deactivation is applied in the next SI modification period. 
Proposal 9: Discuss whether the activation/deactivation of PRACH resources would be timer-based or explicit.
Proposal 10: The association period definition for the R19 UEs should not be changed due to the time domain adaptation of PRACH.
Proposal 11: SSB-RO mapping should be done independently for the legacy ROs and the additional R19 UE ROs (i.e., Option 1).

PRACH adaptation in spatial domain
Observation 6: In practice, the distribution of the UEs across the coverage regions of different beams is highly non-uniform.
Observation 7: Spatial domain adaptation can be achieved by leveraging the PRACH time domain adaptation framework and applying a restriction to the SSB indices mapped to the additional PRACH resources.
Observation 8: The studied scenarios show that spatial domain PRACH adaptation can save 10% in FR1 and 7% in FR2 network power consumption compared to time domain PRACH adaptation in no-load scenarios.

Proposal 12: Support spatial domain adaptation by leveraging the PRACH time domain adaptation framework.

Paging adaptation
Proposal 13: Network should indicate to the R19 UE whether to follow the legacy paging resources or the R19 paging resources through system information.
Reference
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