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[bookmark: _Ref494215420]Introduction
In RAN#102 meeting, a new WID of duplex operation had been approved:[1]
	4.1	Objective of Core part WI
The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
......
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In this contribution, we focus on the SBFD random access operation, including random access in Connected mode, and random access in Idle/Inactive mode.

Discussion
Random access in Connected mode
RO configuration, validation and SSB-RO mapping
In current specifications, only ROs in UL symbols and flexible symbols are valid ROs. In order to implement PRACH preamble transmission in UL subband of SBFD symbols, the RO configuration schemes and validation rules need to be improved.
Regarding the configuration of ROs in SBFD symbols for SBFD-aware UEs in RRC CONNECTED state, RO configuration option 1, associated RO validation rules and SSB-RO mapping rules have been agreed in the last meeting [2]. 
	Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, consider the following alternatives to derive the time and frequency resources of the configured ROs in SBFD symbols. 
· Alt 1-1: only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). 
· FFS the details
· FFS: Alt 1-2: based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon) and newly introduced parameter(s). 

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, no separate prach-ConfigurationIndex to be configured in this option.

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, use existing random access configurations tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2 in TS38.211).



Regarding Option 1, the existing parameters of the single RACH configuration are used for PRACH transmission both in non-SBFD symbols and SBFD symbols. However, the subframe containing PRACH slots is designed to target UL slots in the TDD-DL-UL pattern. Meanwhile the SBFD symbols/slots are located within the DL/FL symbols/slots in the TDD-DL-UL pattern. This means that the ROs indicated by the existing parameters do not necessarily lie within the SBFD symbols/slots. One of the main reasons for introducing RO in SBFD symbols/slots is to reduce delay at UE side. Therefore, new ROs should be introduced with respect to the existing ones. One of the solutions is that the SBFD ROs will be associated to the legacy ROs according to the time and/or frequency offsets, so that the SBFD ROs can be utilized in the SBFD slots and UL subbands.
Proposal 1: the time and frequency resources of the configured ROs in SBFD symbols should be derived from the existing parameters of the single RACH configuration and newly introduced parameter(s).

Regarding the configuration of ROs in SBFD symbols for SBFD-aware UEs in RRC CONNECTED state, RO configuration option 2, associated RO validation rules and SSB-RO mapping rules have been agreed in the last meeting [2].
	Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, down-select (in RAN1#117) from the following alternatives:
· Alt 2-3: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
· FFS: The case where the additional-ROs partially overlap with non-SBFD symbols 
· Alt 2-4: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs.
For the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs.



With respect to Option 2, additional RO configuration is used to configure ROs for SBFD-aware UEs. Option 2 has the benefit of enabling more flexible resource allocation in the time/frequency domain. In addition, it can support different PRACH preamble formats for SBFD-aware UEs and legacy UEs. ROs in SBFD symbols can be valid for SBFD-aware UEs, but whether ROs in non-SBFD symbols are valid or not is subject to further discussion. Since the legacy ROs of a legacy RACH configuration are valid for SBFD-aware UEs, these ROs may conflict in time/frequency domain if additional ROs in non-SBFD symbols of an additional RACH configuration are valid.
Proposal 2：The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.

[bookmark: _Hlk159426658]RO across SBFD symbols and non-SBFD symbols
Regarding the RO validation, the issue of whether a RO can across SBFD symbols and non-SBFD symbols has been raised in last meeting [3]. The following options are agreed for further discussion:
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, further study the following two options:
· Option 1: a valid RO can only be on SBFD symbols or on non-SBFD symbols
· a configured RO across SBFD and non-SBFD symbols in the same slot or across slots is invalid
· Option 2: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots
RAN1 to leverage the study in Rel-18 as baseline.



On the one hand, the gNB Rx antenna configurations on SBFD and non-SBFD symbols may be different, and if the same PRACH configuration is used for the PRACH preamble transmitted in the RO, the PRACH reception performance on SBFD symbols will be degraded. On the other hand, if different PRACH configurations (e.g., different transmission powers) are used for the PRACH preamble transmitted in the RO, phase continuity cannot be guaranteed, and as a result, the PRACH reception performance will be degraded.
Proposal 3: A valid RO can only be on the SBFD symbols or non-SBFD symbols.

Random access configuration tables for unpaired spectrum
Regarding the configuration of ROs in SBFD symbols for SBFD-aware UEs in RRC CONNECTED state, RO configuration option 2, associated RO validation rules and SSB-RO mapping rules have been agreed in the last meeting [2].
	Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration,
· For FR2, consider from the following alternatives:
· Alt 1: use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the slot number for ROs in SBFD symbols.
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211)
· For FR1, consider from the following alternatives:
· Alt 1: Use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the subframe number for ROs in SBFD symbols.
· Alt 2: Use existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211)
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211)



The UE's PRACH transmission is configured by the higher layer based on the ‘PRACH configuration index’, which defines the PRACH format sequence (e.g., long sequence and short sequence) and the time-domain resources of the PRACH. In TS 38.211, three tables for PRACH configuration index based on the frequency range (FR1 and FR2) and duplexing type (unpaired spectrum, paired spectrum/supplementary uplink) has specified .
For the SBFD random access operation for RRC-CONNECTED UEs in TDD carriers, the time domain resources are designed based on the tables for random-access configuration for FR1/FR2 unpaired spectrum. The subframe within a frame containing PRACH slots is designed to target UL slots in the TDD-DL-UL pattern. However, the SBFD symbols/slots are located within the DL/FL symbols/slots in the TDD-DL-UL pattern. This means that the ROs indicated by the tables for random-access configuration for FR1/FR2 unpaired spectrum do not necessarily lie within the SBFD symbols/slots. To enable SBFD random access operation in FR1/FR2 unpaired spectrum, some enhancements should be specified. Among them, Alt 3 for FR2 and Alt 2/Alt 3 for FR 1 can provide more ROs for SBFD-aware UEs on SBFD slots/symbols.
Proposal 4: For RACH configuration Option 2, Alt 3 for FR2 and Alt 2/Alt 3 for FR 1 should be specified.

Random access in Idle/Inactive mode
The benefits of supporting random access in SBFD symbols for UE in RRC_IDLE/INACTIVE mode include, at least, the following: increasing the PRACH capacity and reducing the PRACH collision probability. This not only reduces the random access latency, but also decreases the NAS initial attach procedure delay (L1/RRC/NAS). Additionally, enabling a long PRACH format in SBFD symbols improves the achievable UL coverage and can increase the supportable cell sizes for TDD 30 kHz ‘DDDSU.’ Furthermore, multiple PRACH transmissions can be performed within a shorter time interval, thereby enhancing PRACH coverage.
As for the inter-UE CLI caused by the SBFD random access operation, the issue of CLI caused by CBRA being common for both the CONNECTED and IDLE/INACTIVE modes. It is noted that PRACH transmissions in the UL subband in SBFD symbols may cause UE-to-UE CLI, similar to the case of RRC-connected mode UEs, for some deployment scenarios. Initial studies based on evaluation results from two companies suggest that the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenarios and Urban Macro scenarios.
Proposal 5: Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.

Conclusion
[bookmark: OLE_LINK40][bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK39]In this contribution, we focus on the SBFD random access operation, including including random access in Connected mode, and random access in Idle/Inactive mode. Based on the discussion in section 2, we provide the following proposals:
Proposal 1: the time and frequency resources of the configured ROs in SBFD symbols should be derived from the existing parameters of the single RACH configuration and newly introduced parameter(s).
Proposal 2：The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Proposal 3: A valid RO can only be on the SBFD symbols or non-SBFD symbols.
Proposal 4: For RACH configuration Option 2, Alt 3 for FR2 and Alt 2/Alt 3 for FR 1 should be specified.
Proposal 5: Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
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