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Introduction
[bookmark: _Hlk163037690]Normative work for Rel-19 NES WI begun in RAN1#116bis. Regarding adaptation of common signal/channel transmissions, the following agreements were made in the last meeting [1].
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
· [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

RAN2 had also started discussion for Rel-19 NES, and regarding the paging adaptation they made the following agreements in RAN2#125bis [2]:
	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 this contribution, we provide our view on potential enhancements for adaptation of common signal/channel transmissions for NES.

Discussion
[SSB TD adaptation]
For the SSB time domain adaptation, the following two scenarios were discussed in the last meeting:
· Cell with both legacy UEs and Rel-19 NES-capable UEs
· Cell with only Rel-19 NES-capable UEs
For the first scenario, it was agreed to support PCell and SCell case for Rel-19 NES-capable UE. One unclear point in the agreement is whether the legacy UEs are RRC-connected mode UEs or idle/inactive mode UEs or both. If the legacy idle mode UEs are camping on the NES cell, CD-SSB cannot be adapted and the network may be forced to configure an additional SSB for adaptation. Therefore, the achievable NES gain would be marginal and also the network operation would be complicated.
Proposal 1: For SSB time domain adaptation, for the scenario “cell with both legacy UEs and Rel-19 NES-capable UEs” in the previous agreement, clarify that the legacy UEs are RRC connected mode UEs.
Proposal 2: For SSB time domain adaptation, do not consider a scenario where legacy idle/inactive mode UEs are camping on a NES cell.

Under the above clarification, the presence or absence of the legacy connected mode UEs would not make a big difference to the SSB adaptation. Therefore, there seems no need to distinguish between the above two scenarios.
If the SSB time domain adaptation scheme is not supported for Rel-19 NES-capable idle/inactive UEs, camping is not supported at all on the NES cell. Then, the usage of the NES cell will be limited to serving connected mode UEs, and it may also have a negative impact on the idle mode load balancing. Therefore, we propose to support both idle/inactive UEs and connected UEs for Rel-19 SSB time domain adaptation.
Moreover, if there is no legacy idle/inactive UE in a NES cell, CD-SSB can directly be adapted. For adaptation signalling, a common DCI may be a good candidate to support idle/inactive UEs as well as connected UEs.
Proposal 3: Irrespective of whether the legacy UEs are present or not in a NES cell, SSB time domain adaptation is supported for the following Rel-19 UEs:
· Rel-19 NES-capable UE in idle/inactive mode
· Rel-19 NES-capable UE’s PCell (Connected mode)
· Rel-19 NES-capable UE’s SCell
Proposal 4: Support time domain adaptation of CD-SSB.
Proposal 5: The periodicity of CD-SSB can be adapted based on DCI indication.

[PRACH TD adaptation]
In the last meeting, it was agreed to support PRACH time domain adaptation based on two PRACH resources, i.e., a legacy PRACH resource and an additional PRACH resource. Figure 1 illustrates examples of the PRACH configuration based on the two PRACH resources. Basically, the additional PRACH resource can be configured in a TDM/FDM manner with the legacy PRACH resource with or without sharing the same periodicity. When the two resources have different periodicity values, there may also be a possibility that the two resources overlap as shown in Case 4.
It can be discussed how much configuration flexibility should be allowed across the two PRACH resources. For example, for overlap between the two PRACH resources, partial overlap may not be desirable in terms of ensuring the preamble orthogonality between resources. Regarding the signalling method, to support both connected mode UEs and idle/inactive mode UEs, the configuration information on the additional PRACH resource can be broadcasted as part of system information.
Proposal 6: For PRACH adaptation based on two PRACH resources, study how much configuration flexibility is allowed across the legacy PRACH resource and the additional PRACH resource (e.g., PRACH configuration index, periodicity, overlap).
Proposal 7: For PRACH adaptation based on two PRACH resources, configuration information of additional PRACH resource is included in SIB.
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Figure 1. Examples for configuration of two PRACH resources

One use case of activating the additional PRACH resource is to force the NES UEs leave from the legacy PRACH resource when the legacy resource is crowded. To achieve that purpose, it may be appropriate to set a priority for Rel-19 NES-capable UEs across the two PRACH resources. For example, a NES UE may preferentially transmit a preamble in the additional PRACH resource when both the two PRACH resources are available. The priority may be predefined or signalled to UE, and may be applied under a certain condition.
Proposal 8: When both two PRACH resources are available, UE can choose one of the two PRACH resources based on priority.

After transmitting the msg1/msgA, UE expects to receive msg2/msgB RAR from the NES cell. As per the legacy behaviour, UE may monitor Type 1-PDCCH CSS set by setting the RAR window from the earliest CORESET appearing after the RO where the preamble is transmitted. Some examples are illustrated in Figure 2 and Figure 3.
Observation 1: For PRACH adaptation based on two PRACH resources, the legacy operation can still be applied for determining the RAR window for msg2 reception.
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Figure 2. An example of msg2 RAR reception (case of same RAR window)
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Figure 3. An example of msg2 RAR reception (case of different RAR windows)

During the msg2 PDCCH reception, one issue is that there may be an ambiguity in the RA-RNTI interpretation if the two PRACH resources overlap in time and/or frequency. Currently, the RA-RNTI is determined by the following equation:
· RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id 
For example, if two ROs from different PRACH resources are mapped from the same symbol/slot within a radio frame, the two ROs would correspond to the same (t_id, f_id). In that case, UE that transmitted the msg1 using one of those ROs would not know whether the msg2 corresponds to that chosen RO. As a solution to this issue, it can be considered to add the PRACH configuration index to the RA-RNTI equation. Alternatively, some restrictions may be imposed to the RO resource mapping to avoid the above ambiguity. Similar ambiguity may exist when checking the RAPID in the RAR.
Proposal 9: For PRACH adaptation based on two PRACH resources, discuss whether/how to resolve ambiguities in the RA-RNTI interpretation during the msg2 reception.

Regarding the SSB-RO mapping, the following was agreed with some FFS points:
	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 



[bookmark: _GoBack]One issue is whether the same legacy SSB-RO mapping rule is applied for the additional PRACH resource. In our view, the basic mapping principle should be applied the same, however, perhaps some minor change may be needed if the PRACH spatial domain adaptation is considered. Therefore, this issue may be discussed after reaching a conclusion on the support of spatial domain adaptation.
Observation 2: For SSB-RO mapping for the additional PRACH resource, some minor change may be needed if the PRACH spatial domain adaptation is considered together.

[Paging adaptation]
RAN2 started working on extending the PO and PF for NES purpose, and made some agreements in their last meeting. From RAN1 perspective, signalling aspects for the PO adaptation can be a main topic. Considering that all the UEs in RRC idle, inactive, and connected modes monitor the POs, it may be adequate to use a common DCI for the PO adaptation indication. For example, a new common DCI, or a legacy paging DCI (i.e., P-RNTI, PEI-RNTI) may be used to switch, or activate/deactivate a PO configuration. However, this issue can be discussed after further progress is made in RAN2 and SSB/PRACH time domain adaptation.
Proposal 10: Postpone discussions for paging until further progress is made in RAN2 and SSB/PRACH time domain adaptation.

Conclusion
In this contribution, we discuss our view on potential enhancements for time domain adaptation of SSB, PRACH, and paging. The following observation and proposals are noted.
Observation 1: For PRACH adaptation based on two PRACH resources, the legacy operation can still be applied for determining the RAR window for msg2 reception.
Observation 2: For SSB-RO mapping for the additional PRACH resource, some minor change may be needed if the PRACH spatial domain adaptation is considered together.

Proposal 1: For SSB time domain adaptation, for the scenario “cell with both legacy UEs and Rel-19 NES-capable UEs” in the previous agreement, clarify that the legacy UEs are RRC connected mode UEs.
Proposal 2: For SSB time domain adaptation, do not consider a scenario where legacy idle/inactive mode UEs are camping on a NES cell.
Proposal 3: Irrespective of whether the legacy UEs are present or not in a NES cell, SSB time domain adaptation is supported for the following Rel-19 UEs:
· Rel-19 NES-capable UE in idle/inactive mode
· Rel-19 NES-capable UE’s PCell (Connected mode)
· Rel-19 NES-capable UE’s SCell
Proposal 4: Support time domain adaptation of CD-SSB.
Proposal 5: The periodicity of CD-SSB can be adapted based on DCI indication.
Proposal 6: For PRACH adaptation based on two PRACH resources, study how much configuration flexibility is allowed across the legacy PRACH resource and the additional PRACH resource (e.g., PRACH configuration index, periodicity, overlap).
Proposal 7: For PRACH adaptation based on two PRACH resources, configuration information of additional PRACH resource is included in SIB.
Proposal 8: When both two PRACH resources are available, UE can choose one of the two PRACH resources based on priority.
Proposal 9: For PRACH adaptation based on two PRACH resources, discuss whether/how to resolve ambiguities in the RA-RNTI interpretation during the msg2 reception.
Proposal 10: Postpone discussions for paging until further progress is made in RAN2 and SSB/PRACH time domain adaptation.
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