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Introduction
In RAN1#116, normative work for Rel-19 NES WI begun in RAN1. The objective of the WI includes adaptation of common signal/channel transmissions, and based on discussions on related topics the following agreements were made [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

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

Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· [bookmark: _Hlk163223589]Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2

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

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)

In this contribution, based on the above agreements, we discuss our view on enhancements for adaptation of common signal/channel transmissions for NES.

Discussion
Time domain adaptation of SSB
[bookmark: _Hlk163131714]For the SSB time domain adaptation, in order to further clarify the design direction, it was agreed to study further applicable scenarios and associated legacy UE impact. In our view, if the legacy UEs camp on or attach to a NES cell to which Rel-19 SSB adaptation is applied, negative effects on their SSB-based measurements are inevitable. Therefore, to avoid the negative impact to legacy UEs, the network should necessarily provide alternative cells (for example, anchor/macro cell, or cell in a different frequency) for the legacy UEs in the NES cell coverage area. Then, the NES cell operation would be relatively free from the legacy issues, and from that it can be safely assumed that the NES cell serves only the Rel-19 NES UEs. Under the above assumption, it is feasible to apply a new SSB adaptation scheme to a NES cell, aiming for both PCell and SCell and both connected mode UEs and idle/inactive UEs, with no negative impact to legacy UEs.
Observation 1: For adaptation of SSB in time domain, to avoid the negative impact to legacy UEs, the network can provide alternative cells (for example, anchor/macro cell, or cell in a different frequency) to legacy UEs in a NES cell coverage area.
Proposal 1: For adaptation of SSB in time domain, consider a scenario where NES cell to which the SSB adaptation is applied serves only the Rel-19 NES UEs as a design direction.
Proposal 2: Potential enhancements for adaptation of SSB in time domain are aimed at the following scenarios:
· Both PCell and SCell
· Both idle/inactive UEs and connected mode UEs

Time domain adaptation of PRACH
For the PRACH, it was agreed to study further a PRACH adaptation scheme based on multiple PRACH resources. A Rel-19 NES UE can be configured with two PRACH resources, i.e., a legacy PRACH resource and an additional PRACH resource. Based on the access load in a NES cell, the additional PRACH resource can be dynamically activated/deactivated. When activated, the UE may transmit msg1/msgA PRACH on one of the two PRACH resources.
Figure 1 illustrates examples of the PRACH configuration based on 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. Regarding the PRACH configuration, further discussion may be needed on how much configuration flexibility across two PRACH resources should be given. For example, in the overlap between the two PRACH resources, partial overlap may not be desirable to ensure the preamble orthogonality between resources. Another issue is a signalling method. To support idle mode UEs as well, the configuration information on the additional PRACH resource can be broadcasted as part of system information.
Proposal 3: For PRACH adaptation based on two PRACH resources, discuss whether to support full flexibility or to give some restriction for PRACH configuration across two PRACH resources.
Proposal 4: For PRACH adaptation based on two PRACH resources, discuss appropriate signalling method for the PRACH configuration (system information vs. UE-specific RRC).
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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 give a priority across the two PRACH resources. For example, a NES UE may preferentially transmit the preamble in the additional PRACH resource when both the two PRACH resources are available. The priority may be fixed in the specification or can be signalled to UE. In addition, the priority can be applied under a certain condition, for example, when both the two PRACH resources are available within a time window.
Proposal 5: When both two PRACH resources are available, UE can choose one of the two PRACH resources based on priority inbetween to transmit a preamble.

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. Related examples are illustrated in Figure 2 and Figure 3.
Observation 2: For PRACH adaptation based on two PRACH resources, UE can determine the RAR window for msg2 reception based on the legacy operation.
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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 6: For PRACH adaptation based on two PRACH resources, discuss whether/how to resolve ambiguities in the RA-RNTI interpretation during the msg2 reception.

Lastly, for the SSB-RO association for the additional PRACH resource, two basic directions are available. One is to perform SSB-RO association separately for the legacy and the additional PRACH resources, and the other is to perform a joint SSB-RO association between the two resources. Pros/cons of each scheme and issue of coexistence with legacy UEs can be further discussed.
Proposal 7: Discuss SSB-RO association rule when two PRACH resources are configured (and both are activated).
[bookmark: _GoBack]
Adaptation of paging
For the paging adaptation, it was agreed in the last meeting that details for PO/PF determination and related configuration/procedures will be handled by RAN2. From RAN1 perspective, signalling aspects for the PO adaptation can be mainly discussed. 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 the paging DCI (i.e., P-RNTI) may be used to indicate the PO resource pattern to use, or a paging mode.
Proposal 8: PO (e.g., PO resource pattern, paging mode, etc.) can be dynamically adapted based on indication via a common DCI.
Proposal 9: A new common DCI or the paging DCI can be used for the paging 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 adaptation of SSB in time domain, to avoid the negative impact to legacy UEs, the network can provide alternative cells (for example, anchor/macro cell, or cell in a different frequency) to legacy UEs in a NES cell coverage area.
Proposal 1: For adaptation of SSB in time domain, consider a scenario where NES cell to which the SSB adaptation is applied serves only the Rel-19 NES UEs as a design direction.
Proposal 2: Potential enhancements for adaptation of SSB in time domain are aimed at the following scenarios:
· Both PCell and SCell
· Both idle/inactive UEs and connected mode UEs
Proposal 3: For PRACH adaptation based on two PRACH resources, discuss whether to support full flexibility or to give some restriction for PRACH configuration across two PRACH resources.
Proposal 4: For PRACH adaptation based on two PRACH resources, discuss appropriate signalling method for the PRACH configuration (system information vs. UE-specific RRC).
Proposal 5: When both two PRACH resources are available, UE can choose one of the two PRACH resources based on priority inbetween to transmit a preamble.
Observation 2: For PRACH adaptation based on two PRACH resources, UE can determine the RAR window for msg2 reception based on the legacy operation.
Proposal 6: For PRACH adaptation based on two PRACH resources, discuss whether/how to resolve ambiguities in the RA-RNTI interpretation during the msg2 reception.
Proposal 7: Discuss SSB-RO association rule when two PRACH resources are configured (and both are activated).
Proposal 8: PO (e.g., PO resource pattern, paging mode, etc.) can be dynamically adapted based on indication via a common DCI.
Proposal 9: A new common DCI or the paging DCI can be used for the paging adaptation.
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