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1	Introduction
In this contribution we discuss aspects related to the potential adaptations of the common signal/channel transmissions.
2	Adaptation of SSB in time domain
During the previous RAN2 meeting, there were no agreements on this topic. Pending input available from RAN1 meetings are
1) A list of mechanisms aiming at adapting SSBs in the time domain that was agreed to be investigated further during the RAN1#116 meeting.
	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



2) 2 agreements concluded during the RAN1#116bis meeting.
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger

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
Note: Impact to idle/inactive UEs shall be minimized



RAN1 discussions will need to limit the list of studied mechanisms so that RAN2 can provide input.
Proposal 1: RAN2 to wait for RAN1 to further advance discussions on each proposed mechanism for adapting SSB in the time domain before providing input.
In any case, it is important to highlight that the impact to legacy UEs should be considered when defining and specifying SSB adaptation scenarios and solutions for R19 devices. As per the note in the WID’s objective, there shall be no negative impact to legacy UEs. Therefore, adaptation of SSB transmissions should not result in dropping of any SSBs that legacy UEs expect to receive. Also, methods that allow only R19 UEs to be served by the cell should be avoided because the cell would then serve only a small fraction of the UEs.
Observation 1: Adaptation of SSB transmissions should not result in dropping of any SSBs that legacy UEs expect to receive.
Proposal 2: SSB adaptation methods that allow only R19 UEs to access the cell should not be prioritized. 


3		PRACH Adaptation in time domain
The network defines random access opportunities (RO) by the totalNumberOfRA-Preambles that the UE can select from to send a preamble and the prach-ConfigurationIndex which provides the UE details on the transmission of the selected preamble. In details, each prach-ConfigurationIndex as specified in TS 38.211 in tables 6.3.3.2-2 to 6.3.3.2-4. Each corresponds to a RO distribution which is defined by radio frame index, subframe number within the frame and starting symbol within the slot. 
There are two types of PRACH that can be configured: 
· PRACH associated with CBRA configured by cell-specific signaling 
· PRACH associated with CFRA configured by UE-dedicated signaling
The PRACH adaptation should primarily target CBRA procedures. If time allows, we could study PRACH adaptation associated with CFRA procedures as well.
Proposal 3: Prioritize PRACH adaptation solution(s) that are applied to CBRA. FFS whether to study PRACH adaptation solutions for CFRA.
The likelihood that cells are designed to only serve R19 UEs is low; thus, the PRACH adaptation should be applicable to cells that support both legacy and Rel-19 (NES-capable) UEs. 
Proposal 4: PRACH adaptation should be applicable to cells that support both legacy and Rel-19 UEs.

3.1 PRACH adaptation scheme
As per the latest RAN1#117 meeting outcome, it was agreed to support at least the PRACH adaptation based on additional PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any). It was also noted that NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs. 
Based on our understanding, the configuration of additional PRACH resources can be illustrated as per Figure 1 where NES-capable UEs are provided with additional PRACH resources (in green boxes) that are different from the legacy PRACH resources (blue boxes). Assuming that the legacy UEs are configured with prach-ConfigurationIndex=5, NES-capable UEs can be configured with additional PRACH resources as per prach-ConfigurationIndex=17, which overlap with the PRACH resources for legacy UEs. For example, subframe number 4 of frame 0 can be used by both legacy and NES-capable UEs for initiating RACH. 
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[bookmark: _Ref162336324]Figure 1: Illustration of the PRACH adaptation based on the configuration of additional PRACH resources (overlapping with legacy PRACH resources).
From a NW energy saving perspective, any additional PRACH resources on top of legacy PRACH resources will increase the NW energy consumption due to additional PRACH occasions monitoring and/or reception, particularly with the design shown in Figure 1, where the BS has to wake up more often for legacy PRACH monitoring occasions and also for the additional PRACH occasions when enabled.
Observation 2: From NW energy saving perspective, any additional PRACH resources on top of legacy PRACH resources will consume more NW energy for additional PRACH occasions monitoring and/or reception. 
Proposal 5: Specify the PRACH adaptation based on additional PRACH resources for NES-capable UEs only for the solution with network energy saving gains identified. 
One alternative approach to enable the additional PRACH resources with minimized impact to NES gains is to associate them with the legacy PRACH occasions, where the additional resources are contiguous in time and/or frequency domain to the legacy PRACH resources or overlapping with legacy PRACH resources. And with this approach, the monitoring occasions are compact in time and/or frequency, which may provide longer BS sleeping opportunities and to achieve better energy saving, with no impact on legacy UEs (that are not aware of these additional PRACH resources).
Observation3: It would be beneficial to define the additional PRACH resources for NES-capable UEs contiguous in time and/or frequency domain to the legacy PRACH resources or overlapping with legacy PRACH resources to mitigate from negative impact to NES gains. 
This could be achieved by legacy means, i.e. configuring a dedicated prach-ConfigurationIndex that provides subframes number(s) contiguous to those of the legacy PRACH . One example is shown in Figure 2 where NES-capable UEs are configured with prach-ConfigurationIndex=11 while legacy UEs are configured with legacy prach-ConfigurationIndex=12. 
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[bookmark: _Ref165379328]Figure 2: Illustration of the PRACH adaptation based on the configuration of additional PRACH resources  (contiguous in time domain with legacy PRACH resources) using legacy means.
Note that this cannot be achieved with all existing PRACH configurations as listed in tables of TS 38.211 and RAN1 does not intend to define new PRACH configurations, nor to change the existing ones, as noted in the latest agreement. Hence, this legacy approach is not flexible enough and we need to define new mechanism to configure these additional PRACH resources that should be contiguous with legacy PRACH resources as illustrated in Figure 3 regardless of the PRACH configuration for legacy UEs. 
The additional PRACH resources can be in a form of additional time domain resources, e.g. additional subframes, and/or additional frequency domain resources, e.g. additional PRBs and/or additional preambles dedicated for NES-capable UEs. The definition of additional PRACH resources in time domain would the least preferred option because it increases the NW energy consumption due to additional subframes for UL monitoring/reception instead of microsleep. However, by considering additional PRACH resources in frequency domain, the increase in the energy consumption is negligeable as the subframe is already considered for legacy UL activities. The additional PRACH in a form of dedicated preamble would have no impact in terms of energy consumption as it is up to configuration. 
Observation 4: The configuration of additional PRACH resources for NES-capable UEs contiguous in time domain to the legacy PRACH resources using legacy means can only be achieved with a subset of existing PRACH configuration as per tables in 38.211. 
Proposal 6: Additional PRACH resources for NES-capable UEs shall be in a form of additional time domain resources, e.g. additional subframes, and/or additional frequency domain resources, e.g. additional PRBs and/or additional preambles dedicated for NES-capable UEs. 
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[bookmark: _Ref165383626]Figure 3: Illustration of the PRACH adaptation based on the configuration of additional PRACH resources (contiguous in time and/or frequency domain(s) with legacy PRACH resources).
Furthermore, regarding configuration of the additional PRACH resources, it has been agreed in RAN1#116bis that the configuration of the additional PRACH resources is provided by semi-static signaling. Moreover, the adaptation mechanism for additional PRACH resources is still FFS. To our view, to enable the flexible adaptation of PRACH resources, with one way, the NW gNB may configure a list of new PRACH configurations containing different patterns of additional resources to the R19 NES UEs, and based on the needs in practice, for adapting of the additional PRACH resources in time domain, the gNB may enable one of the new PRACH configurations to the R19 NES UEs, either via semi-static RRC signaling or dynamic DCI-signaling. The R19 NES UEs having two PRACH configurations may use both additional PRACH resources and PRACH resources for legacy UEs, and prioritization rules can be applied for R19 NES UEs to select one of the PRACH configurations, either the enabled new PRACH configuration containing additional PRACH resources or legacy PRACH configuration containing the PRACH resources for legacy UEs.
Proposal 7: A list of new PRACH configurations containing different patterns of additional resources can be configured to the R19 NES UEs.
Proposal-8: For adapting of additional PRACH resources in time domain, one of the new PRACH configurations can be enabled either via semi-static RRC signaling or dynamic DCI-signaling.

3.2 Triggering conditions
Based on the RAN1#116 meeting outcome, it was agreed that the support of PRACH adaptation is at least provided by NW without UE trigger. Particularly for the adaptation based on additional PRACH resources for NES-capable UEs, the trigger could be by NW implementation e.g. based on the NW load condition. For example, in order to enable more UEs to successfully initiate access in the cell and/or to reply to paging, more PRACH resources can be made temporarily available, without any assistance from the UE.
Observation 5: It would be beneficial to enable additional PRACH resources based on the NW load condition. 
Proposal 9: Only NW-triggered PRACH adaptation shall be specified in R19.

3.3 Signaling aspects
As per the latest RAN1#117 meeting outcome, it was agreed that the adaptation mechanisms are to be applied for RRC Idle/Inactive and RRC connected UEs and the configuration of additional PRACH resources is provided by semi-static signalling.
 It is likely that SIB modification are too slow for PRACH adaptations thus more dynamic changes for those are likely required. For the (de)-activation of these additional PRACH resources, a dynamic signaling mechanism would be required and ideally designed for monitoring by UEs regardless of their RRC states, e.g. paging information (paging DCI or Early Paging Indication) can be used.
Proposal 10: Prioritize dynamic signaling for PRACH adaptation. FFS to study the following:
· whether the same signaling should be considered for UEs in RRC Idle/Inactive and RRC connected state. 
· whether paging information could be used to indicate the (de)-activation of the additional pre-configured PRACH resources for NES-capable UEs.

3.4 Impact on legacy UEs
As noted in the WID, there shall be no negative impact to legacy UEs, unless significant benefits are shown. Thus, the impact on legacy UEs shall be carefully evaluated when selecting the solutions for PRACH adaptation for specification.
Proposal 11: No impact on legacy UEs shall be allowed when solutions for PRACH adaptation are being specified.
4 Adaptation of paging occasions
At RAN2 #125bis the following was agreed:
	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 our view, the option a to bundle paging frames is beneficial because it confines the cell’s transmissions to a limited period of time. The option b, where the interval between PFs is increased and compensated by more POs per PF may still result in a significant distribution of POs over time, depending on the configured search space, which could impact the base station’s sleeping opportunities negatively.
The bundling of paging frames may also enable the network to provide reference signals, e.g. enable optimized UE synchronization and energy saving. Providing such additional TRS could also enable the network to increase the SSB periodicity to achieve further network energy saving.
Observation 6: option a (bundle paging frames) confines the cell’s transmissions to a limited time period.
Observation 7: option b (more POs per PF, when PFs have increased interval) may cause time-wise distribution of POs for certain search space configurations.
Observation 8: The network may provide additional reference signals, e.g. TRS, near the bundled PFs.
Proposal 12: RAN2 to prioritize to further develop option a (bundle paging frames) for paging clustering.
RAN2 furthermore discussed how to handle legacy UEs. In our view, RAN2 can discuss how the specific paging resources are available to legacy UEs and Rel-19 NES UEs. For example, if a set of PFs are bundled (=option a), the legacy UE will not be aware of the bundling, but only the legacy PF(s) which potentially fall within the bundle period. Thus, it could be an option to keep such legacy PF(s), with corresponding legacy PO(s), available for the legacy UEs. The Rel-19 NES UEs which map to the legacy PF(s) and legacy PO(s) within the bundle could thus monitor the same paging information as the legacy UEs, while Rel-19 NES UEs which map to other PF(s) and PO(s) (i.e. PF(s) and PO(s) not configured/understood by legacy UEs) shall monitor the corresponding paging information.
Observation 9: Legacy UEs can monitor legacy PF(s) and legacy PO(s) which occur within a set of bundled PFs.
Likewise, for option b, the legacy UEs will only be able to monitor the PF(s) and PO(s) which coincides with a legacy value of N, while the remaining (i.e. new) PF(s) and PO(s) that are mapped based on a new N (e.g. T/64) will only be monitored by Rel-19 NES UEs.
Observation 10: Legacy UEs can monitor legacy PF(s) and legacy PO(s) based on legacy value of N and not PF(s) and PO(s) based on a new N, when the new PF(s) and PO(s) do not coincide with the legacy PF(s) and PO(s).
In summary, the Rel-19 NES UEs can use legacy PF(s) and PO(s), while legacy UEs can not use Rel-19 PF(s) and PO(s) based on option a or b. Alternatively, the Rel-19 NES UEs can also be configured not to use the legacy PF(s) and PO(s), but it would complicate the configuration and mapping of PF(s) and PO(s) without any obvious benefit.
Proposal 13: Rel-19 NES UEs can use legacy PF(s) and PO(s) in addition to Rel-19 PF(s) and PO(s), while legacy UEs cannot use Rel-19 PF(s) and PO(s) based on option a or b.

4.1 PRACH Adaptation in time domain in conjunction with adaptation of paging occasions
The PRACH load level will inherently increase if the paging occasions are confined in time domain. This is because the UEs will have to be paged during such confined time period, thereby causing the UEs to respond to the paging also in a confined time interval.
Proposal 14: RAN2 to study PRACH adaptation in time domain to spread the PRACH load when paging occasion adaptation is used.

5	Conclusion
Proposal 1: RAN2 to wait for RAN1 to further advance discussions on each proposed mechanism for adapting SSB in the time domain before providing input.
Observation 1: Adaptation of SSB transmissions should not result in dropping of any SSBs that legacy UEs expect to receive.
Proposal 2: SSB adaptation methods that allow only R19 UEs to access the cell should not be prioritized. 
Proposal 3: Prioritize PRACH adaptation solution(s) that are applied to CBRA. FFS whether to study PRACH adaptation solutions for CFRA.
Proposal 4: PRACH adaptation should be applicable to cells that support both legacy and Rel-19 UEs.
Observation 2: From NW energy saving perspective, any additional PRACH resources on top of legacy PRACH resources will consume more NW energy for additional PRACH occasions monitoring and/or reception. 
Proposal 5: Specify the PRACH adaptation based on additional PRACH resources for NES-capable UEs only for the solution with network energy saving gains identified. 
Observation3: It would be beneficial to define the additional PRACH resources for NES-capable UEs contiguous in time and/or frequency domain to the legacy PRACH resources or overlapping with legacy PRACH resources to mitigate from negative impact to NES gains. 
Observation 4: The configuration of additional PRACH resources for NES-capable UEs contiguous in time domain to the legacy PRACH resources using legacy means can only be achieved with a subset of existing PRACH configuration as per tables in 38.211. 
Proposal 6: Additional PRACH resources for NES-capable UEs shall be in a form of additional time domain resources, e.g. additional subframes, and/or additional frequency domain resources, e.g. additional PRBs and/or additional preambles dedicated for NES-capable UEs. 
Proposal 7: A list of new PRACH configurations containing different patterns of additional resources can be configured to the R19 NES UEs.
Proposal-8: For adapting of additional PRACH resources in time domain, one of the new PRACH configurations can be enabled either via semi-static RRC signaling or dynamic DCI-signaling.
Observation 5: It would be beneficial to enable additional PRACH resources based on the NW load condition. 
Proposal 9: Only NW-triggered PRACH adaptation shall be specified in R19.
Proposal 10: Prioritize dynamic signaling for PRACH adaptation. FFS to study the following:
Proposal 11: No impact on legacy UEs shall be allowed when solutions for PRACH adaptation are being specified.
Observation 6: option a (bundle paging frames) confines the cell’s transmissions to a limited time period.
Observation 7: option b (more POs per PF, when PFs have increased interval) may cause time-wise distribution of POs for certain search space configurations.
Observation 8: The network may provide additional reference signals, e.g. TRS, near the bundled PFs.
Proposal 12: RAN2 to prioritize to further develop option a (bundle paging frames) for paging clustering.
Observation 9: Legacy UEs can monitor legacy PF(s) and legacy PO(s) which occur within a set of bundled PFs.
Observation 10: Legacy UEs can monitor legacy PF(s) and legacy PO(s) based on legacy value of N and not PF(s) and PO(s) based on a new N, when the new PF(s) and PO(s) do not coincide with the legacy PF(s) and PO(s).
Proposal 13: Rel-19 NES UEs can use legacy PF(s) and PO(s) in addition to Rel-19 PF(s) and PO(s), while legacy UEs cannot use Rel-19 PF(s) and PO(s) based on option a or b.
Proposal 14: RAN2 to study PRACH adaptation in time domain to spread the PRACH load when paging occasion adaptation is used.


image1.png
Frame 0

Frame 1

Frame 2

LegacyRO
prach-Configurationindex=5

>
Subframelms

PRACH periodicity 20ms

LegacyRO
prach-Configurationindex=5
+Additional RO
prach-Configurationindex=17

>
Additional PRACH periodicity T0ms

Additional PRACH periodicity 20ms




image2.png
Frame 0

Frame 1

Frame 2

LegacyRO
prach-Configurationindex=12

>
Subframelms

PRACH periodicity 10ms

LegacyRO
prach-Configurationindex=12
+Additional RO
prach-Configurationindex=11

>
Additional PRACH periodicity 10ms




image3.png
Frame 0

Frame 1

Frame 2

LegacyRO
prach-Configurationindex=5

>

Subframelms

PRACH periodicity 20ms

LegacyRO
prach-Configurationindex=5
+Additional RO defined contiguously
(in time/fq) to the legacy RO

>
Additional PRACH periodicity 10ms





