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Introduction
In this paper, we further discuss adaptation of SSB in time domain in aspect of use cases, potential schemes in Section 2. The adaptation of PRACH in time domain as well as in spatial domain are discussed in Section 3 and Section 4. Moreover, techniques for adaptation of paging occasions in time domain from RAN1’s perspective are also discussed. 
Adaptation of SSB in time domain
Scenarios for adaptation of SSB in time domain
In RAN1#116 meeting, applicable scenario is agreed as follows: 
	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)


From the perspective of NES capable UE, a NES cell serves for both UEs in idle/inactive mode and connected mode. Towards UEs in connected mode, adaptation of SSB in time domain may affect measurement of UE, e.g., RRM measurement. For UEs in idle/inactive mode, adaptation of SSB in time domain may affect the initial access of UE. 
For example, UE in idle/inactive mode assumes the periodicity of SSB is 2 radio frames (i.e., 20ms). If idle/inactive UEs are able to access the NES cell by the SSB with larger periodicity than 20ms, decent NES gain would be obtained since gNB can transmit sparse SSB transmission.
[bookmark: _Toc2449][bookmark: _Toc31185]The bottleneck of obtaining significant NES gain from adaptation of SSB in time domain lies on the idle/inactive UEs.
Regarding impact on legacy UEs if any, some solutions can be considered for reducing the negative impact. For example, UEs are barred to access in the NES cell. In this case, gNB is capable of adapting the periodicity according to its system load without considering impact on legacy UE. And adaptation of SSB in time domain in this case can obtain good NES gain. 
[bookmark: _Toc1212][bookmark: _Toc21971]Observation 2: There are solutions for reducing the impact on legacy UE, including e.g., legacy UEs are barred to access in the NES cell.
[bookmark: _Toc2862][bookmark: _Toc1418]Prioritize to study SSB adaptation in time domain for idle/inactive UEs. 
As for connected UE (NES capable UE), we think the technique developed for idle/inactive UE can be applicable to connected UEs. And from the perspective of PCell and/or SCell(s), we are open to consider both. 
[bookmark: _Toc13385][bookmark: _Toc32656]Further study SSB adaptation in time domain for connected UEs.
In the AI 9.5.1, there is an agreement associated with the case that SSB periodicity adaptation in time domain as follows: [1]
	Agreement
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, the following cases are identified for further study:
· Case #1: No always-on SSB on the cell
· [bookmark: _GoBack]Case #2: Always-on SSB is periodically transmitted on the cell
· FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for


From our perspective, Case#2 is about SSB periodicity adaptation in time domain in SCell, which is in the scope of AI 9.5.3. Therefore, we suggest to discuss Case#2 in AI 9.5.3.
[bookmark: _Toc28120][bookmark: _Toc9234]The study of Case #2: Always-on SSB is periodically transmitted on the cell in AI 9.5.1 should be move to AI 9.5.3.  
Potential schemes for adaptation of SSB in time domain 
In RAN1#116 meeting, we summarized the potential schemes for adaptation of SSB in time domain [1]. 
	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


From our perspective, mechanisms of adaptation of SSB burst transmission in time domain should focus on e.g., adaptation of SSB burst periodicity, adaptation of SSB configuration. On the other hand, adaptation of SSB within SSB burst considers the adjustment of SSB transmission in one SSB burst, may not harvest network energy saving. Since gNB is capable of going to sleep in a time internal by adaptation of SSB burst transmission in long time, but difficult going to sleep by adaptation of SSB in one SSB burst.
Moreover, we think general schemes for adaptation of SSB in time domain should be prioritized, and schemes for specific scenarios, including e.g., cell DTX scenario can be further studied. 
To this end, adaptation of SSB burst periodicity, adaptation based on two SSB configurations where up to two configurations can be active should be considered.
[bookmark: _Toc10153]Prioritize to specify adaptation of SSB burst in time domain, including, e.g., 
· [bookmark: _Toc30571]adaptation of SSB burst periodicity 
· [bookmark: _Toc12020]adaptation based on two SSB configurations
· [bookmark: _Toc30869]adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration.
Signaling for adaptation of SSB in time domain 
In RAN1#116 meeting, we summarize the potential mechanism for adaptation of SSB in time domain [1]. 
	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


At first, the adaptation mechanism indicated or configured by gNB without UE trigger should be firstly considered. For adaptation triggered by UE, we think the motivation should be clarified.
In current specification [3], UEs obtains parameters for SSB through SIB1 or ServingCellConfigCommon, such as periodicity through ssb-periodicityServingCell, which can be set as a value from {5ms, 10ms, 20ms, 80ms, 160ms}. For mechanism for adaptation of SSB in time domain, one way is to use system information to inform the adaptation. However, system information can be only updated in modification period, which is multiple of paging cycles. If adaptation of SSB can be only updated via system information, the latency is large. And large update latency will make it difficult to fit into the time-varying cell load. Hence, it is beneficial to update the periodicity SSB in a fast way. 
[bookmark: _Toc23792]Specify dynamic signaling for adaptation of SSB in time domain.
[bookmark: _Toc525][bookmark: _Toc82][bookmark: _Toc29400][bookmark: _Toc29089]Adaptation of PRACH in time domain   
Potential schemes for adaptation of PRACH in time domain
In RAN1#116 meeting, we summarize the potential schemes for adaptation of PRACH in time domain. [1] 
	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


At first, the adaptation mechanisms for adaptation of PRACH in time domain focus on additional/different PRACH resource for NES-capable UEs in addition to PRACH resources for legacy UEs. To our understanding, based on the PRACH configuration, the term of the additional PRACH resources has the same meaning as the term of different PRACH resources, since there is a note in sub-bullet illustrating that NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs.
Then for additional PRACH resource, the NES gain originates from large time period when gNB is able to go to sleep. Based on the potential schemes for additional PRACH resources in the agreement, we consider adaptation of PRACH resource periodicity/PRACH occasion, and concentrating ROs in time domain. 
Towards adaptation of PRACH resource periodicity, the additional PRACH resources originate from changing periodicity. For example, if PRACH configuration period is adjusted from 40ms to 20ms, legacy UE still follow its original PRACH configuration (periodicity of 40ms) for initial access, as illustrated in Figure 1.
[image: ]
Figure 1 Illustration of adaptation of PRACH resource periodicity.
Towards adaptation of PRACH occasion, the additional PRACH resources are added on demanded. In Figure 2, adaptation of PRACH occasion is based on the PRACH configuration period with periodicity of 160ms. Due to changing of system load, i.e., there would be more NES-capable UEs in the cell, additional PRACH resources are needed in order to balance the NES gain and access capacity.
[image: ]
Figure 2 Illustration of adaptation of PRACH occasion
Towards concentrating ROs in time domain, the additional PRACH resource can be acquired by the PRACH configuration. In Figure 3, assuming there was a new PRACH configuration, the PRACH configuration includes ROs which legacy UEs can be acknowledged (colored in blue). When the PRACH occasions in configured in the cell, legacy UEs is capable of using the acknowledged ROs for initial access. While NES capable UE is supposed to prioritize to use other ROs (in green) which is not recognized by legacy UE.
[image: ]
Figure 3 Illustration of concentrating ROs in time domain
For adaptation at PRACH association period and association pattern period level and SSB to RO mapping cycle, they are relevant to SSB to RO mapping. Thus it should be discussed in adaptation of PRACH in spatial domain.
To this end, adaptation of PRACH resource periodicity/PRACH occasion and concentrating RO in time domain are preferred for adaptation of PRACH in time domain. We have the following proposal:
[bookmark: _Toc30297]Specify additional PRACH resources for NES, including e.g., 
· [bookmark: _Toc30752]Adaptation of PRACH resource periodicity/PRACH occasion 
· [bookmark: _Toc25714]Concentrating ROs in the time domain 
Signaling for adaptation of PRACH in time domain
In RAN1#116 meeting, we summarized the potential mechanism for adaptation of PRACH in time domain. [1] 
	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)


From the perspective of the scenarios of adaptation of PRACH in time domain, to enable gNB to adapt additional ROs in the certain situation for network energy saving or relieve PRACH collision, adaptation of PRACH in different situations (e.g., depending on system load) is helpful. 
In our opinions, the scenarios of adaptation of PRACH adaptation in time domain includes both UEs in RRC connected mode and UEs in idle/inactive mode. For UEs in RRC idle/inactive mode, ROs are used for initial access. For UEs in RRC connected mode, ROs are used for e.g., beam failure recovery. 
[bookmark: _Toc2410]Adaptation of PRACH adaptation in time domain can be used for both UEs in RRC connected mode and UEs in idle/inactive mode.
From the perspective of adaptation mechanism, at first, the adaptation mechanism provided by gNB without UE trigger should be firstly considered. 
In current specification [3], the determination of the PRACH configuration is by the prach-configuraionIndex in SIB1 or in the high layer parameters, including e.g., ServingCellConfigCommon and BeamFailureRecoveryConfig. Base stations can achieve PRACH adaptation in time domain by update of SIB1 for idle/inactive UEs or the high layer parameters for connected mode UEs. However, gNB will expect to have a fast way to adapt the PRACH configuration for energy saving when possible. For instance, when gNB is aware that there are few UEs in the cell, it can disable additional PRACH occasions quickly. In these cases, a fast and dynamic indication is needed.
Therefore, the alternatives of adaptation PRACH in time domain can be summarized as follows:
· Alt 1: MAC CE based signaling for adaptation of PRACH in time domain
· Alt 2: DCI based signaling for adaptation of PRACH in time domain 
Among these two alternatives, considering there is no MAC CE transmission for idle/inactive UEs, it is more feasible for idle/inactive UEs to consider DCI based PRACH configuration adaptation. For Alt 2, the DCI based indication can be based on the system information or the high layer parameter. For example, multiple candidate PRACH configurations can be configured in the system information/high layer parameter, and gNB can select one candidate through DCI. To this end, the system information/high layer parameter plus DCI based PRACH configuration adaptation is preferred from our perspective. 
[bookmark: _Toc30585] Specify DCI based signaling for adaptation of PRACH in time domain. 
Adaptation of PRACH in the spatial domain
Motivation
To our understanding, the use case of adaptation of PRACH in spatial domain is that UEs are random in position within the cell coverage, causing non-uniform UEs distribution in different beam coverage. For example, in Figure 4, some of UEs are located in SSB#1 and SSB#3, while none/few UEs are covered by SSB#0 and SSB#2, given that there are 4 transmitted SSB in the SSB burst. 
[image: ]
Figure 4 Example of non-uniform UE distribution.
In this case, SSB{#0, #2} and SSB{#1,#3} would be uniformly mapping to ROs based on the mapping ratio (i.e., 1/2) according to [2]. By this SSB and RO mapping, it is obvious that there was no UE accessing via the ROs mapped to SSB#0 and SSB#2, but gNB would still detect PRACH preambles in these ROs, which leads to network energy waste. Assuming the mapping ratio is 1/2, i.e., 1 SSB mapping to 2 ROs, the SSB-RO mapping pattern according to legacy procedure is as shown in Figure 5.
[image: ]
Figure 5 Example of SSB-RO mapping according to legacy procedure.
To this end, adaptation of PRACH in the spatial domain can be considered for these cases, allowing the procedure that mapping ROs to SSB{#1,#3} is different from that mapping ROs to SSB{#0, #2}, as illustrated in Figure 6. 
[image: ]
Figure 6 Example of SSB-RO mapping according to enhanced procedure.
From our perspective, the key point of adaptation of PRACH in spatial domain is to confine the SSB and RO mapping to let some PRACH occasion be invalid in time domain to achieve network energy saving.
[bookmark: _Toc14530]Adaptation of PRACH in spatial domain is to confine the SSB and RO mapping to let some PRACH occasion be invalid in time domain to achieve network energy saving.
Potential schemes on adaptation of PRACH in spatial domain
Based on our conclusion in 4.1, in our opinions, there are two ways of adaptation of PRACH in spatial domain. One is the RO level adaptation. For this kind of schemes, current RO-SSB mapping in [2] can be reused. And the ROs can be muted by gNB indication/triggering when the ROs are thought to be unnecessary. For example, in Figure 7, the ROs associated with SSB#0 and SSB#2 in the PRACH configuration are muted by indication, given 4 SSB transmitted in one SSB burst and the mapping ratio is 1, i.e., 1 SSB mapping to 1 ROs.
[image: ]
Figure 7 Illustration of RO level adaptation
Towards this kind of scheme, there is limited specification impact but the NES gain may be limited as well. Since the indication/triggering for mutable ROs is within one PRACH configuration period, gNB is impossible to have opportunities to go to sleep in a long period.
The second way of adaptation of PRACH in spatial domain is the association period level adaptation. In this case, ROs in a long period can be muted by gNB indication/triggering when the ROs are thought to be unnecessary. For one thing, the ROs in the association period are all muted by gNB indication/triggering within an association pattern period in order to obtain NES gain. For another, parts of ROs in one association period are muted, such as the ROs for single SSB to RO mapping cycle are muted. For example, in Figure 8, within one association period, the ROs out of first SSB to RO mapping cycle (i.e., four ROs are mapped to all 4 SSBs in first mapping cycle) can be muted by gNB indication/trigger. Moreover, this kind of schemes may have an impact on SSB-RO mapping rule, which causes large specification impact.
[image: ]
Figure 8 Illustration of association period level adaptation
[bookmark: _Toc28575] Consider at least e.g., RO level adaptation and PRACH adaptation within one association period. 
Signaling for adaptation of PRACH in spatial domain 
For signaling of adaptation of PRACH in spatial domain, similar as adaptation PRACH in time domain, the system information/high layer parameter combined with DCI based PRACH configuration adaptation is preferred from our perspective. 
[bookmark: _Toc2031] Specify DCI based signaling for adaptation of PRACH in spatial domain. 
Adaptation of paging occasions in the time domain
Techniques for adaptation of paging occasions in time-domain 
In RAN1#116 meeting, the agreement about adaptation of paging occasions in time domain is shown as follows [1].
	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


Towards adaptation of paging occasions in time domain, the goal is to confine paging occasion in time domain to obtain NES gain. In RAN1#116 meeting, there was consensus that most of proposed schemes about confining paging occasions should be handled by RAN2. To this end, from RAN1’s perspective, the discussion should focus on how to indicate the adaptation of paging. Since paging is mainly monitored by both idle/inactive UEs and connected mode UEs, DCI based indication for the adaptation of paging occasions in time domain is more feasible.
[bookmark: _Toc16235]DCI based indication for the adaptation of paging occasions in time domain can be considered for the paging configuration adaptation. 
Unified signaling for adaptation of common signal/channel
From signaling perspective in general, dynamic adaptation of common signal/channel including SSB, PRACH, paging configuration can be considered together. Therefore, a unified signaling design is proposed to reduce the workload. Besides, a common signaling for both idle/inactive UE and connected UE is preferred.
The idle/inactive mode UEs are required to monitor paging DCI, SI DCI and PEI. For example, paging early indication signaling (PEI) can be considered. UEs in idle/inactive should monitor PEI signaling after receiving SSB. Hence, paging early indication signaling (PEI) is suitable for inform the adaptation of SSB in time domain. For UEs in RRC connected mode, it is necessary to modify the UE behavior on monitoring PEI. In another example, a new DCI format for adaptation of SSB in time domain can be considered. 
[bookmark: _Toc20383]A unified signaling can be considered for the indication of SSB adaptation, PRACH adaptation and paging adaptation. 

Conclusion
In this contribution, we have the following observations/proposals:
Observation 1: The bottleneck of obtaining significant NES gain from adaptation of SSB in time domain lies on the idle/inactive UEs.
Observation 2: There are solutions for reducing the impact on legacy UE, including e.g., legacy UEs are barred to access in the NES cell.
Observation 3: Adaptation of PRACH adaptation in time domain can be used for both UEs in RRC connected mode and UEs in idle/inactive mode.
Observation 4: Adaptation of PRACH in spatial domain is to confine the SSB and RO mapping to let some PRACH occasion be invalid in time domain to achieve network energy saving.

Proposal 1: Prioritize to study SSB adaptation in time domain for idle/inactive UEs.
Proposal 2: Further study SSB adaptation in time domain for connected UEs.
Proposal 3: The study of Case #2: Always-on SSB is periodically transmitted on the cell in AI 9.5.1 should be move to AI 9.5.3.
Proposal 4: Prioritize to specify adaptation of SSB burst in time domain, including, e.g.,
• adaptation of SSB burst periodicity
• adaptation based on two SSB configurations
• adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration.
Proposal 5: Specify dynamic signaling for adaptation of SSB in time domain.
Proposal 6: Specify additional PRACH resources for NES, including e.g.,
• Adaptation of PRACH resource periodicity/PRACH occasion
• Concentrating ROs in the time domain
Proposal 7: Specify DCI based signaling for adaptation of PRACH in time domain.
Proposal 8: Consider at least e.g., RO level adaptation and PRACH adaptation within one association period.
Proposal 9: Specify DCI based signaling for adaptation of PRACH in spatial domain.
Proposal 10: DCI based indication for the adaptation of paging occasions in time domain can be considered for the paging configuration adaptation.
Proposal 11: A unified signaling can be considered for the indication of SSB adaptation, PRACH adaptation and paging adaptation.
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