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Introduction
In Rel-19, a work item on evolution of NR duplex operation for Sub-band full duplex (SBFD) was approved and updated [1], where the objectives identified for the work item 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
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]
· Note: RAN3 will not specify enhancements to network signalling to support inter-operator coordination for CLI handling



In RAN1 #116-bis, the issues on random access operations in SBFD systems were discussed and following agreements were made:
	[bookmark: _Hlk165463083]Agreement
Confirm the working assumption:
Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.

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).

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 enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured indicated as flexible by tdd-UL-DL-ConfigurationCommon (if any). 
· FFS: the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· FFS: It’s up to network configuration to ensure the ROs in SBFD symbols configured indicated as flexible by tdd-UL-DL-ConfigurationCommon, which are valid for non-SBFD aware UEs based on legacy RO validation rule, are also valid for SBFD aware UEs (i.e., the configured ROs in SBFD symbols, if configured indicated as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs).
· the RO in SBFD symbols configured indicated as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB.
· FFS: Other condition.
Note: For the case that all the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, there is no restriction that all the configured ROs in SBFD symbols should be within the UL usable PRBs.

Working Assumption
For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
· For Option 1 with Alt 1-1, FFS whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, RO validation rules and SSB-RO mapping rules, etc.
· For Option 2, FFS the RO validation rules, SSB-RO mapping rules, whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, etc.
UE is not required to support both options.

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.

Proposal
Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode. 
· Supported by New H3C, CMCC, ZTE, IDC, Xiaomi, HW, Samsung, Nokia, NEC, Google, TCL, Sharp, Wilus, LGE, Fujitsu, ETRI, Sony, QC, Lenovo, SKT, MTK, CATT, Panasonic
· Objected by Ericsson

Agreement
For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration),
· For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used

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)



In this contribution, we discuss SBFD operation to support random access in SBFD symbols in RRC_CONNECTED and RRC_IDLE/INACTIVE modes and provide initial performance analysis for repetition based PRACH transmissions across SBFD symbols.
Discussions
Subband non-overlapping FD operations
NR supports dynamic/flexible time division duplex (TDD) based on a slot format indicator (SFI) that can be indicated to a group of UEs by a group-common (GC) DCI (format 2_0). In addition, semi-static configurations via tdd-UL-DL-config-common/dedicated can be configured, where the transmission pattern for each slot/symbol can be configured as either of ‘D’ as downlink, ‘U’ as uplink, and ‘F’ as flexible.
Up to NR Rel-17, most practical assumptions for duplexing are half duplex (HD) for both gNB and UE. In Rel-18, enhancements to support full duplex (FD) at least for gNB were proposed and endorsed as the study item, see Figure 1. Moreover, subband non-overlapping FD (SBFD), as illustrated in Figure 2, has been identified as a promising approach, since it offers greatly reduced FD implementation complexity in terms of cancelling self-interference (SI) and mitigating cross-link interference (CLI), at least, at the gNB side.
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Figure 1. Illustration on NR TDD framework based on FD-gNB and HD-UEs in a cell
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Figure 2. Illustration on SBFD configurations including DL/UL subbands

Random access procedure in SBFD systems
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Figure 3. Example for available ROs versus valid/invalid ROs for SBFD-aware UEs

The UE in RRC-CONNECTED mode can receive indications or triggers to perform random access procedure, for example due to BFR procedure or based on a received PDCCH order from the gNB. The PDCCH order could include the preamble to be used and the SSB index, based on which random access is performed. Also, during RRC Idle and Inactive modes, the UE could perform RACH procedure by selecting a preamble and the best SSB detected and measured from a selected cell. 
Random-Access Configurations in SBFD Symbols
In random-access procedure, the UE selects the RACH occasions (RO) to transmit the PRACH from the sets of configured ROs. The UE selects the ROs based on the selected or indicated SSB and according to the association of SSBs and ROs. In NR, the UE determines the time and frequency resources associated to the selected ROs based on received indications or configurations. As for the time resources, the UE determines the ROs in time domain based on a received index (prach-ConfigurationIndex or msgA-PRACHConfigurationIndex) that maps to configuration tables. Table 6.3.3.2-2, Table 6.3.3.2-3, and Table 6.3.3.2-4 in 38.211 provide configurations on RACH configurations in time-domain for NR-FDD FR1, NR-TDD FR1, and NR-TDD FR2, respectively. The tables include indications on the slot number to be used for the configured ROs. 
In NR-TDD, the UE considers an RO that coincides in time with UL symbols as valid. In other words, the ROs in DL slots are considered as invalid. However, in SBFD systems, the ROs need to be allocated to the UL subbands in the DL slots. As such, there would be potentially more ROs available for SBFD-aware UEs for random access transmissions. For example, a separate parameter indicating an entry of one of the configuration tables can be additionally configured only for SBFD-aware UE, where the NR-FDD table can be used as it fits well with the SBFD systems constituting FDD-like subband partitions within a carrier. 
In NR RAN1 #116, following agreements were made regarding random-access configurations:
	Agreement:
For random access operation for SBFD-aware UEs in RRC CONNECTED state, at least consider the following options:
· Option 1: Use one single RACH configuration with possible enhancement.
· The ROs within UL subband in SBFD symbols can be valid for SBFD-aware UE.
· FFS: Further details
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration.
· The ROs within UL subband in SBFD symbols configured by the additional RACH configuration can be valid for SBFD-aware UE.
· FFS: Further details

For future meetings
Companies to consider whether the existing random-access configuration tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2) need to be enhanced.



In the agreement, two options are provided, where Option 1 is based on using a single RACH config for both SBFD and legacy UEs. That is, the SBFD and legacy UEs determine the valid ROs based on conditions or criteria that may be specific to SBFD and legacy UEs, respectively. In Option 2, two separate RACH configurations are considered, where the first RACH configuration indicates the ROs in UL symbols for legacy UEs and the second RACH configuration indicates the ROs in UL subbands in SBFD symbols for SBFD UEs.
SBFD ROs Configuration: Option 1 (i.e., use one single RACH configuration)
In RAN1 #116bis, following agreements were made regarding Option 1 (i.e., use one single RACH configuration with possible enhancement) for RACH configurations in SBFD symbols:
	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).

Agreement
[bookmark: _Hlk165558295]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). 



Based on the agreements, in Option 1, only one single prach-ConfigurationIndex will be configured for both SBFD and non-SBFD ROs, where the configured prach-ConfigurationIndex will be used as an index to the 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).
Also, it was agreed that current tables in the spec for TDD operation will be reused for configuration of SBFD ROs. Two alternatives were agreed to be considered for deriving the time and frequency resources of configured ROs in SBFD symbols. 
In Alt 1-1, the current time and frequency configurations used for non-SBFD ROs (UL slot ROs) will be reused and no other parameters will be introduced. That is, the UE determines to use an SBFD RO if a configured RO (based on current configurations) overlaps with an SBFD symbol in time domain. The RO configuration tables based on TDD were originally configured and designed based on TDD configurations and potential available UL slots. So, using those tables for SBFD could not be efficient for configuring SBFD ROs. That is, Alt 1-1 may reduce the flexibility to configure SBFD ROs and to take the maximum benefit from SBFD ROs, where NW may not have enough control over the SBFD ROs. 
Considering the SBFD ROs' configuration based on TDD tables may not provide enough possibilities considering all available SBFD symbols. That is, while many SBFD symbols may be available due to SBFD configurations, the current TDD tables may not be able to provide enough alternatives for configuring SBFD ROs out of all available possibilities in the SBFD symbols. This could limit the configuration of SBFD ROs only to the current configurations available via current TDD tables.
Moreover, considering the limiting options available for configuring SBFD ROs via TDD tables, NW may select the configurations that enables using the most of available SBFD symbols for SBFD ROs. However, in case NW does not want to use some of the SBFD symbols for RACH purposes, e.g., due to CLI mitigation or scheduling requirements, then NW may be out of configuration options. Or even worse, NW may limit using the SBFD ROs only due to lack of flexible options for configuring the ROs in SBFD symbols.
Observation 1. Configuring ROs in SBFD symbols based on Option 1 and Alt 1-1, that is using one single RACH configuration only based on the existing parameters and no extra parameters, could limit flexibility and the choices for configuring ROs out of all possibly available SBFD symbols.
In Alt 1-2, the current RACH time and frequency configurations are used for ROs in non-SBFD symbols (UL slot ROs), where the UE determines the ROs in SBFD symbols using additional parameters. The additional parameters could be based on time offsets. So, a time-domain offset parameter can be used to configure a set of SBFD ROs in SBFD symbols that are time-domain shifted versions of the legacy ROs (in UL-only slots), within a TDD cycle. An example is provided in Figure 4, where the SBFD ROs are indicated via a slot offset of “-4 slots” with regards to configured non-SBFD ROs in UL-only slots:
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Figure 4. Example of time offset configuration for determining SBFD ROs based on non-SBFD ROs

Observation 2. Configuring ROs in SBFD symbols based on Option 1 and Alt 1-2, that is using one single RACH configuration in addition to extra parameters, allows flexibility in configuring ROs in available SBFD symbols.
Proposal 1. Support Alt 1-2 for introducing extra parameters in configuring ROs in SBFD symbols based on Option 1 (using one single RACH configuration), for which indicated time offsets could be used for determining ROs in SBFD symbols based on configured ROs in non-SBFD (legacy) symbols.
SBFD ROs Configuration: Option 2 (i.e., use two separate RACH configs)
In RAN1 #116bis, following agreement was made regarding Option 2 (i.e., use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) for RACH configurations in SBFD symbols:
	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) 




In RACH configuration Option 2, two separate RACH configurations, potentially based on two separate prach-ConfigurationIndex, are used, where the first RACH config is used for configuring ROs in non-SBFD symbols and the second RACH configuration is used for configuring ROs in SBFD symbols. In this agreement, different alternatives for selecting the RACH configurations for ROs in SBFD symbols in FR1 and FR2 based on existing configuration tables are provided.
In the agreement, for FR1, Alt 1 is based on using existing TDD RACH configuration FR1 table for configuring ROs in SBFD symbols, Alt 2 is proposing using existing FDD RACH configuration table for configuring ROs in SBFD symbols, and Alt 3 is on adding new entries in the current TDD RACH configuration FR1 table for configuring ROs in SBFD symbols. In our opinion, Alt 3 is not really required, considering that RACH configuration tables in TDD and FDD are already comprehensive.  For selecting between RACH configuration tables in TDD and FDD, RACH config. tables in FDD can provide better flexibility for configuring ROs in SBFD symbols compared to TDD RACH configuration tables. 
Proposal 2. In RACH configuration based on Option 2 (two separate RACH configuration) for configuring ROs in SBFD symbols in FR1, support Alt 1 or Alt 2 on using existing TDD or FDD RACH configuration tables, respectively. Do not support Alt 3 on adding new entries to the existing tables.
In the agreement, for FR2, Alt 1 is based on using existing TDD RACH FR2 configuration table for configuring ROs in SBFD symbols and Alt 3 is on adding new entries in the current TDD RACH FR2 configuration table for configuring ROs in SBFD symbols. In our opinion, Alt 3 is not really required and going on that path may result in lots of unnecessary discussions for deciding the new parameters. 
Proposal 3. In RACH configuration based on Option 2 (two separate RACH configuration) for configuring ROs in SBFD symbols in FR2, support Alt 1 on using existing TDD RACH configuration tables. Do not support Alt 3 on adding new entries to the existing tables.
Modifying the Working Assumption to support both Options 1 and 2
In RAN1 #116-bis, below working assumption (WA) was made with regards to the proposed options, where both Option 1 and Option 2 are supported:
	Working Assumption 
For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
· For Option 1 with Alt 1-1, FFS whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, RO validation rules and SSB-RO mapping rules, etc.
· For Option 2, FFS the RO validation rules, SSB-RO mapping rules, whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, etc.
UE is not required to support both options.



In our opinion, both Option 1 and Option 2 can be used as long as NW indicates the option that is used in the cell, to the UEs. In an example, in NW with higher and more complex traffic and scheduling demands, NW could use Option 2 to configure two separate sets of RACH configurations for SBFD and legacy UEs to make the traffic and scheduling manageable and more flexible at the NW-side. Alternatively, in NW with lower traffic or scheduling demands, NW could use Option 1 with a single RACH configuration (but with Alt 1-2 to achieve required flexibility at least in the cell, discussed in 2.2.1.1), where UEs determine the validity of configured ROs in SBFD or UL-only symbols based on configured conditions or criteria. 
Observation 3. In RACH configurations for SBFD UEs, NW can achieve benefits from both Option 1 (single config but with additional parameters to overcome flexibility issues on Alt 1-1) and Option 2 (two separate config), based on the NW’s scheduling, flexibility, and traffic requirements.  
Proposal 4. Confirm the working assumption with modification on supporting both Option 1 (single config but with Alt 1-2 configuring additional parameters, e.g., time offset) and Option 2 (two separate config), for RACH configurations for SBFD-aware UEs.

SBFD ROs validation in SBFD Operation
While the SBFD-aware UE could potentially have more available ROs, there may be limitations from gNB on which available ROs can be used by the UE and which ROs are valid or invalid. One straightforward observation is that random access preamble transmission is not possible in DL-only slots in the legacy system. However, the UE may need new indications or guidance on whether to use SBFD symbols, flexible symbols, or UL-only symbols for RACH transmissions. As an example, see Figure 3 where eight RO slots (ROS) are considered as available ROs that can be configured to the SBFD-aware UE. Obviously, ROS1 and ROS2 are invalid ROs for SBFD-aware UEs as they overlap with DL-only slots, and this can be identified by the UE as the UE can receive SBFD time/frequency subband location information as well. Then, the UE can determine that RO slots ROS3, ROS4, …, ROS8 are potentially valid for random access preamble transmission. Furthermore, it can be considered that, based on NW configurations or preferences with a restriction signalling, the UE may not be allowed to use some of these potentially valid RO slots. For example, NW could limit the UE to only use ROs that are in SBFD slots, due to scheduling and traffic handling considerations. 
In NR RAN1 #116, following agreement was made regarding valid ROs for SBFD-aware UEs:
	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.



SBFD ROs Validation Rules: Option 1 (i.e., use one single RACH config)
In RAN1 #116-bis, following agreement was made on validation rules for ROs in SBFD symbols, based on RACH configuration Option 1, that is using one single RACH config for both SBFD and non-SBFD ROs.
	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 enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any). 
· FFS: the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· FFS: It’s up to network configuration to ensure the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, which are valid for non-SBFD aware UEs based on legacy RO validation rule, are also valid for SBFD aware UEs (i.e., the configured ROs in SBFD symbols, if configured as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs).
· the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB.
· FFS: Other condition.
Note: For the case that all the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, there is no restriction that all the configured ROs in SBFD symbols should be within the UL usable PRBs.




In this agreement, it is agreed that the existing validation rules (in spec) can be reused for non-SBFD ROs in UL symbols and for SBFD ROs in flexible symbols. That is, for example based on 38.213, non-SBFD ROs in UL symbols and SBFD ROs in flexible symbols are valid if the ROs do not precede an SSB in PRACH slots and start at least Ngap symbols after a last SSB reception symbol. 
It is left for further study on whether the ROs in non-SBFD symbols that are valid for non-SBFD UEs are also valid for SBFD UEs. That is, whether  SBFD-aware UEs should be limited to only use valid ROs in SBFD symbols or SBFD-aware UEs are allowed to use ROs in both SBFD and non-SBFD symbols.
Limiting SBFD aware UEs to not using valid ROs in non-SBFD symbols may result in lower opportunities for SBFD-aware UEs to send PRACH and limiting ROs across non-SBFD (UL-only) symbols only to the legacy UEs. This is not in line with SBFD objectives, and the limitation could increase the latency and degrade the performance for SBFD UEs. On the other hand, allowing SBFD-aware UEs to use ROs in both SBFD and non-SBFD symbols results in reducing the latency, increasing RACH capacity, and coverage for SBFD-aware UEs. Allowing the SBFD-aware UEs to use ROs in non-SBFD symbols can be configurable via NW, where the UE determines whether to use or not to use the ROs in non-SBFD symbols based on received indications.
Observation 4. Allowing SBFD-aware UEs to use ROs in non-SBFD symbols results in reducing the latency, increasing RACH capacity, and coverage for the UEs.
Observation 5. The UE may need new indications on whether configured ROs in SBFD symbols, flexible symbols, or UL-only symbols are valid to be used for random access preamble transmission.
On the other hand, there are limitations on whether configured ROs in SBFD symbols can be used by the SBFD-aware UEs, for example based on configured or determined PRACH power in the corresponding ROs. That is, the PRACH power may be limited at least for the ROs that are closer to the DL subbands’ boundaries to limit potential UE-to-UE inter-Subband CLI caused due to PRACH transmissions in the corresponding ROs. In this case, the UE could receive configurations on PRACH power limitations for ROs in SBFD symbols (e.g., via SIB1), where the UE cannot use ROs in SBFD symbols if the determined PRACH power is higher than a configured threshold. In such cases, the UE needs to fallback and transmit PRACH in non-SBFD ROs.
On the other hand, as discussed in 2.2.5, the PRACH repetition can be enhanced with higher coverage, capacity and lower latency if the SBFD-aware UEs could use ROs in both SBFD and non-SBFD symbols.
Observation 6. SBFD-aware UEs may need to fallback to use non-SBFD ROs, for example due to PRACH power limitations in ROs in SBFD symbols.
Proposal 5. For SBFD RACH configuration based on Option 1 (use one single RACH config) support the ROs in non-SBFD symbols that are valid for non-SBFD UEs to be valid for SBFD UEs to enable PRACH fallback, repetition, etc.

SBFD ROs Validation Rules: Option 2 (i.e., use two separate RACH config)
In RAN1 #116-bis, following agreement was made on validation rules for ROs in SBFD symbols, based on RACH configuration Option 2, that is using two separate RACH config for SBFD and non-SBFD ROs.
	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.



In this agreement, the issue of overlapping configured SBFD ROs in non-SBFD symbols is being addressed. In RACH configuration based on Option 2, a first RACH configuration is used for configuring legacy ROs (non-SBFD ROs) potentially in UL and flexible symbols. The second (additional) RACH configuration is used for configuring SBFD ROs potentially in SBFD symbols. The issue that is being addressed in this agreement is regarding the cases where the additional/second RACH configuration configures ROs that are in non-SBFD symbols.
In the agreement, in Alt 2-3 it is proposed that the additional ROs that are configured by the additional/second RACH configuration and that overlap with non-SBFD symbols should be considered invalid for SBFD UEs. In Alt 2-4, it is proposed that such ROs are valid for SBFD UEs, that is, the additional ROs that are configured by the additional/second RACH configuration that overlap with non-SBFD symbols are considered valid for SBFD-aware UEs. 
In our opinion, an SBFD-aware UE that is configured (via additional/second RACH configuration) with ROs that overlap with SBFD or non-SBFD symbols should be able to use all the configured ROs for PRACH transmission. This also applies for the ROs that are partially in SBFD and non-SBFD symbols. As long as the UE uses the same PRACH power or power ramping value for ROs in both SBFD and non-SBFD symbols, the UE can use the ROs. 
As for Alt 2-3, limiting SBFD UEs to not using ROs that overlap with non-SBFD symbols seems to be inefficient, since one of the main objectives of this WI is to increase RACH capacity and reduce latency. If this alternative is agreed, then NW is restricted in using non-SBFD symbols for configuring ROs for SBFD UEs.
Observation 7. For RACH config Option 2 (based on two separate RACH configs), Alt 2-3 on not allowing SBFD UEs to use additional-ROs that overlap with non-SBFD symbols is restrictive and against WI objectives on enhancing RACH capacity and latency.
Proposal 6. For RACH config Option 2 (based on two separate RACH configs), support Alt 2-4 to allow SBFD UEs to use additional-ROs that overlap with non-SBFD symbols.

SSB-to-RO Mapping in SBFD ROs
In RAN1 #116-bis, following agreement was made regarding SSB-RO mapping:
	Agreement 
For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration),
· For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used



During RAN1 #116-bis, it was discussed whether the SSB-RO mapping for ROs in SBFD symbols and ROs in non-SBFD symbols should be performed jointly or separately. It was proposed by companies that joint SSB-RO mapping may impact legacy UEs. As such, it was agreed that separate SSB-RO mapping is used for ROs in SBFD symbols.
The issue with separate SSB-RO mapping is that the SSB-RO mapping in ROs in SBFD and non-SBFD symbols may be redundant, that is the same SSBs may be mapped to ROs in SBFD and non-SBFD symbols within a TDD cycle, see Figure 5. In Figure 5 an example of separate SSB-RO mapping based on ascending order of SSB indexes in ROs in SBFD and non-SBFD symbols is shown. In this example, although there are 20 ROs available in total in SBFD and non-SBFD symbols, the UE can only send ROs for SSB 1 till 6, due to redundancy of SSB-RO mapping in SBFD and non-SBFD symbols.
Observation 8. Considering ascending order of SSB indexes in SSB-RO mapping for SBFD ROs, the RACH procedure for large number of SSBs could take long time due to redundancy of SSB-RO mapping in SBFD and non-SBFD symbols, despite the ample availability of ROs in SBFD and non-SBFD symbols within TDD cycles.
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Figure 5. SSB-RO mapping with ascending order of SSB indexes in ROs in SBFD and non-SBFD symbols
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Figure 6. SSB-RO mapping with descending order of SSB indexes in ROs in SBFD and non-SBFD symbols

In case the SSB-to-RO mapping in ROs in SBFD symbols is based on descending order of SSB indexes, more number of SSB indexes could be covered in shorter time within a TDD cycle for SBFD UEs. That is, while the SSB-RO mapping in legacy non-SBFD ROs is based on increasing order of SSB indexes, if the SSB-RO mapping in SBFD ROs is based on decreasing order of SSB indexes, the SBFD UEs can potentially transmit PRACH earlier compared to the case with increasing order of SSB indexes in SBFD ROs. An example scenario is provided in Figure 6, where the total number of SSBs is considered to be 16. As it is shown, the SBFD UEs can map up to 10 SSBs in each TDD cycle that is more than that of the example provided in Figure 5. The SSB indexes start from the maximum SSB index in SBFD ROs in descending order of SSB indexes, e.g., SSB16, SSB15, SSB14, etc.
Observation 9. Considering descending order of SSB indexes in SSB-RO mapping for ROs in SBFD symbols, the RACH procedure can be enhanced with regards to latency for SBFD UEs.
Proposal 7. Support SSB-RO mapping in ROs in SBFD symbols based on descending order of SSB indexes.

PRACH Power Control in SBFD Symbols
In NR RAN1 #116, following agreements were made regarding PRACH power control in SBFD symbols:
	For future meetings
In RAN1#116bis meeting, at least the following issues will be discussed:
· Whether/how to support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.



In NR, PRACH power control parameters are calculated based on configured parameters such as power ramping step, maximum number of PRACH preamble transmission (e.g., TransMax), etc. Considering the potential CLI caused by PRACH transmission with increased PRACH power due to power ramping, the SBFD-aware UEs may be configured with different PRACH power control parameters for SBFD and non-SBFD ROs.
The SBFD-aware UEs may also be configured with different PRACH power control parameters for (FDM-ed) SBFD ROs that are closer or farther to the DL subband edges.
Observation 10. Considering the potential CLI caused by PRACH transmission with increased PRACH power due to power ramping, the SBFD-aware UEs may be configured with different PRACH power control parameters for SBFD and non-SBFD ROs.
Proposal 8. Support configuring different PRACH power control parameters for SBFD and non-SBFD ROs, also for FDM-ed SBFD ROs that are closer or farther from DL subband edges, in consideration of potential CLI caused by PRACH transmission.

RACH Repetition Configurations in SBFD Symbols
In NR RAN1 #116, following agreements were made regarding RACH repetition in SBFD symbols:
	Agreement
For SBFD aware UEs in RRC CONNECTED state, at least PRACH without repetition is supported in SBFD symbols.
· FFS PRACH repetition in SBFD symbols.
· FFS PRACH repetition across SBFD symbols and non-SBFDs symbols.



RACH repetition was added in Rel. 18 for increasing the Random-Access coverage. Enhancing the UL coverage is one of the objectives in SBFD as well. So, NW could increase the benefits of PRACH repetition by supporting PRACH repetition in SBFD ROs.
Moreover, in cases where legacy (non-SBFD) ROs do not provide adequate RO sets for X-rep repetition, using SBFD along with non-SBFD ROs could allow applying higher X-reps.
Observation 11. Supporting PRACH repetition across SBFD symbols and non-SBFDs symbols could enable increased coverage for random access, as well as higher X-rep repetitions.
Proposal 9. Support PRACH repetition across SBFD symbols and non-SBFDs symbols.

4-Step and 2-Step Random-Access in SBFD Symbols
In NR RAN1 #116, following agreements were made regarding Type-1/2 random access procedure in SBFD symbols:
	Agreement:
For SBFD aware UEs in RRC CONNECTED state, support Type-1 random access procedure (4-step RACH) in SBFD symbols.
· FFS Type-2 random access procedure (2-step RACH)



Based on the agreement, 4-step RACH is supported in SBFD ROs, and 2-step RACH is left for FFS. Supporting 2-step RACH could result in reducing the latency. For example, in systems with small data transmission, 2-step RACH can improve the performance with lower latency. Considering the objectives of SBFD systems in reducing the latency, it is worth to consider 2-step RACH in SBFD symbols.
In our opinion, in case the measured RSRP of the selected SSB is higher than corresponding MsgA-RSRP threshold, 2-step RACH could be also supported in SBFD ROs. 
In case of SBFD ROs, in addition to RSRP, the CLI could also be used as the condition to apply 2-step RACH. That is, if the measured RSRP is higher than corresponding threshold and measured CLI is lower than corresponding threshold, then 2-step RACH could be used in SBFD ROs.
Proposal 10. Support 2-step RACH in SBFD ROs.

Early Indication of support for SBFD
In NR RAN1 #116, the following agreement was made, and it was left for FFS on how gNB identifies whether a UE is SBFD aware UE or non-SBFD aware UE:
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, at least further study whether/how to enable Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols taking into account the following aspects:
· Msg2[/Msg4 PDSCH] reception in DL subband(s)
· Msg3 PUSCH [/Msg4 HARQ-ACK PUCCH] frequency resource allocation and frequency hopping
· Msg3 repetition
· Msg3 PUSCH [/Msg4 HARQ-ACK PUCCH] power control
· FFS whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.



This agreement can be beneficial for SBFD-aware UE in RRC-IDLE/INACTIVE modes, where the UE can decide on whether to connect to the selected cell based on SBFD operation or connect to the selected cell based on non-SBFD operation. For example, in case the measured CLI (based on received SSB) is low, the UE could connect to the cell based on SBFD operation. Otherwise, if the measured CLI (based on received SSB) is high, the UE could connect to the cell based on non-SBFD operation. 
The SBFD-aware UE that has determined to connect to a cell that supports SBFD and has decided to operate based on SBFD operation can implicitly indicate such decision as part of random-access procedure. For example, the UE can select a preamble from a set that corresponds to SBFD operation. In another example, the UE can transmit random access preamble in ROs that coincide with SBFD symbols. As such, upon reception of the preamble, the gNB will recognize that the UE is SBFD-aware, and that the UE is operating based on SBFD operation. So, gNB can further transmit RAR in SBFD symbols.
The SBFD-aware UE that has decided to perform RA based on non-SBFD ROs, could indicate its support for SBFD operation later and as part of Msg3.
Observation 12. During random access procedure, the SBFD-aware UE can indicate its capability and support for SBFD operation based on transmitted random-access preamble, or ROs used for RA preamble transmission.
Proposal 11. Support early indication for SBFD-aware UE in RRC-Idle/Inactive modes to indicate UE’s support of SBFD operation as part of random-access, for example, via
· SBFD-specific preamble selection, or 
· PRACH transmission in SBFD ROs, or
· Indication as part of Msg3. 

Random Access Operation in RRC-IDLE/INACTIVE mode
In NR RAN1 #116, following conclusion was made regarding random-access operations in SBFD symbols in RRC_IDLE/INACTIVE modes:
	Conclusion
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following:
· The benefits include at least one or more of the following:
· reduced random access latency.
· reduced PRACH collision probability or allowing more contiguous frequency resources for PUSCH in UL slots.
· improved coverage of PRACH with sparse UL resources
· increased cell range of PRACH with sparse UL resources
· PRACH transmissions in 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 two companies’ evaluation results, the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenario and Urban Macro scenario.



In RAN1 #116-bis following proposal was made that was mostly supported by companies:
	Proposal
Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode. 
· Supported by New H3C, CMCC, ZTE, IDC, Xiaomi, HW, Samsung, Nokia, NEC, Google, TCL, Sharp, Wilus, LGE, Fujitsu, ETRI, Sony, QC, Lenovo, SKT, MTK, CATT, Panasonic
· Objected by Ericsson



In our opinion, performing random-access procedure in SBFD symbols for UEs in RRC_IDLE/INACTIVE can have a huge impact in reducing the latency and preventing undesired further cell switching for UEs in RRC_CONNECTED mode. Consider a UE that connects to a cell based on non-SBFD ROs, without knowing about cell’s SBFD configurations, CLI, etc. Then when the UE gets connected to the cell and determines to operate based on SBFD operation, the SBFD-aware UE may need to switch the cell due to low RSRP, CLI, or other SBFD-specific limitations.
On the other hand, the UE can indicate its intention to operate based on SBFD operation via random access (as described in 2.2.5), and even report the measured CLI (e.g., via Msg3). In this case, the UE can receive a confirmation or rejection from gNB on whether the UE can connect to the cell based on SBFD operation. The received confirmation or rejection can also affect UE’s decision to connect to that cell in the early steps rather than later on, when UE is in RRC_CONNECTED mode, requiring undesired cell switching or HO with increased power consumption and complexity.
Proposal 12. Support random access in SBFD symbols for UEs in RRC-IDLE/INACTIVE mode.
An SBFD-aware UE in RRC-IDLE/INACTIVE mode that determines to select a cell for connecting to the NW can prioritize cells with SBFD operation over cells without SBFD operation. The UE could receive information on the neighbour cells’ support for SBFD operation based on stored cell information or as part of SIB associated with the detected SSB from the corresponding cell. The cell information on SBFD could include whether the cell supports SBFD as well as time and frequency resources where SBFD is applied.
Observation 13. During cell selection or initial access, the SBFD-aware UE in RRC-IDLE/INACTIE mode could check cells’ information on supporting SBFD operation, so that UE could prioritize cells with SBFD operation.
Proposal 13. In cell selection or initial access, support indicating cells’ support on SBFD operation (e.g., in SIB1) to be used for cell ranking by SBFD-aware UEs. 
In SI phase, it was agreed that SSB could be transmitted in SBFD symbols in cells that support SBFD operation. As such, the UEs could have a measurement or estimate on the received power (e.g., RSRP) and potential CLI that they could expect after switching to RRC-CONNECTED Mode in the corresponding cell. The UE may then decide if the measured received power or CLI are within acceptable respective ranges and whether the UE can camp on or connect to the corresponding cell. This will avoid latency and ping-ponging effects. That is, in case the UE connects to the cell blindly and without considering limitations (e.g., potential CLI or lower RSRP) in cells with SBFD operation, the UE may need to switch cells after changing to RRC-Connected mode that results in latency and undesired complexity. 
Observation 14. During initial access and cell selection, the SBFD-aware UE can measure the received power and potential CLI based on SSBs that are transmitted in SBFD symbols.
Observation 15. During cell selection, the SBFD-aware UE can determine to connect to the selected cell based on SBFD or non-SBFD operation according to the measured received power and potential CLI. This prevents latency and ping-ponging affects.
Proposal 14. Support prioritization rules for selecting the cells that support SBFD operation based on RSRP or potential CLI, during initial access or cell selection procedures for SBFD-aware UEs in RRC-IDLE/INACTIVE modes. 
Initial performance analysis for repetition based PRACH transmissions across SBFD symbols
In this section, we provide preliminary link level simulation performance results for repetition based PRACH transmissions in SBFD symbols relative to legacy TDD. The simulation assumptions corresponding to the performance results presented are provided in Appendix.
In the performance results provided, interference was modelled as additive white Gaussian noise with the inter-site gNB-gNB co-channel inter-subband CLI assumed to be the dominant interference. Furthermore, the interference power was set to a fixed -7dB. The performance results aim to present the RACH detection performance for SBFD using Type A PUSCH repetition over adjacent slots relative to the baseline TDD scheme where RACH is transmitted in UL slots only. Furthermore, both contention-free and contention-based random access were considered to evaluate the link level performance. For contention-free random access, since UE is transmitting dedicated preambles, the receiver at the gNB can combine the received waveforms during each repeated occasions before applying the detection of the RACH. The advantage in such approach for the contention free random access comes from the incremental gain in the received SNR as the gNB receives the repeated RACH occasions before applying detection. For contention based random access, the gNB tries to detect each of the repeated RACH occasions such that the network will only have to detect the preamble in at least one of the RACH occasions. Therefore, the probability of detection of a repeated RACH occasion will increase by the number of repeated RACH occasions.
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Figure 7. Probability of detection of random access preamble for legacy TDD vs SBFD with type A UL repetition 

Figure 7 shows the RACH detection performance in terms of the probability of detection as a function of SNR for both legacy TDD system and for SBFD system employing type A like RACH repetition. The co-channel inter-subband CLI for the SBFD system is modelled as AWGN with a variance of -7dB. It can be seen from Figure 7 that random access occasions on SBFD system clearly provides performance improvement over legacy TDD by increasing the probability of detection. For contention free RACH occasions, the improvement in probability of detection over legacy TDD system can be as high as 7dB in SNR in SBFD systems with repetitions of five RACH occasions while for contention-based RACH occasions, the improvement in probability of detection can be up to 3dB.
Observation 16. PRACH preamble repetition in SBFD symbols enhances RACH detection performance in both contention-based and contention-free RACH occasions, where the RACH detection performance improves as the number of PRACH repetition occasions increases.
Proposal 15. Support PRACH repetition in SBFD symbols, for both contention-based and contention-free RACH occasions.
Conclusion
In this contribution, we discussed issues on random access procedures in SBFD systems. From the discussions, we made following observations and proposals:
[2.2.1 Random-Access Configurations in SBFD Symbols]
[2.2.1.1	SBFD ROs Configuration: Option 1 (i.e., use one single RACH configuration)]
Observation 1. Configuring ROs in SBFD symbols based on Option 1 and Alt 1-1, that is using one single RACH configuration only based on the existing parameters and no extra parameters, could limit flexibility and the choices for configuring ROs out of all possibly available SBFD symbols.
Observation 2. Configuring ROs in SBFD symbols based on Option 1 and Alt 1-2, that is using one single RACH configuration in addition to extra parameters, allows flexibility in configuring ROs in available SBFD symbols.
Proposal 1. Support Alt 1-2 for introducing extra parameters in configuring ROs in SBFD symbols based on Option 1 (using one single RACH configuration), for which indicated time offsets could be used for determining ROs in SBFD symbols based on configured ROs in non-SBFD (legacy) symbols.
[2.2.1.2 SBFD ROs Configuration: Option 2 (i.e., use two separate RACH configs)]
Proposal 2. In RACH configuration based on Option 2 (two separate RACH configuration) for configuring ROs in SBFD symbols in FR1, support Alt 1 or Alt 2 on using existing TDD or FDD RACH configuration tables, respectively. Do not support Alt 3 on adding new entries to the existing tables.
Proposal 3. In RACH configuration based on Option 2 (two separate RACH configuration) for configuring ROs in SBFD symbols in FR2, support Alt 1 on using existing TDD RACH configuration tables. Do not support Alt 3 on adding new entries to the existing tables.
[ 2.2.1.3 Modifying the Working Assumption to support both Options 1 and 2]
Observation 3. In RACH configurations for SBFD UEs, NW can achieve benefits from both Option 1 (single config but with additional parameters to overcome flexibility issues on Alt 1-1) and Option 2 (two separate config), based on the NW’s scheduling, flexibility, and traffic requirements.  
Proposal 4. Confirm the working assumption with modification on supporting both Option 1 (single config but with Alt 1-2 configuring additional parameters, e.g., time offset) and Option 2 (two separate config), for RACH configurations for SBFD-aware UEs.
[2.2.2.1 SBFD ROs Validation Rules: Option 1 (i.e., use one single RACH config)]
Observation 4. Allowing SBFD-aware UEs to use ROs in non-SBFD symbols results in reducing the latency, increasing RACH capacity, and coverage for the UEs.
Observation 5. The UE may need new indications on whether configured ROs in SBFD symbols, flexible symbols, or UL-only symbols are valid to be used for random access preamble transmission.
Observation 6. SBFD-aware UEs may need to fallback to use non-SBFD ROs, for example due to PRACH power limitations in ROs in SBFD symbols.
Proposal 5. For SBFD RACH configuration based on Option 1 (use one single RACH config) support the ROs in non-SBFD symbols that are valid for non-SBFD UEs to be valid for SBFD UEs to enable PRACH fallback, repetition, etc.
[2.2.2.2 SBFD ROs Validation Rules: Option 2 (i.e., use two separate RACH config)]
Observation 7. For RACH config Option 2 (based on two separate RACH configs), Alt 2-3 on not allowing SBFD UEs to use additional-ROs that overlap with non-SBFD symbols is restrictive and against WI objectives on enhancing RACH capacity and latency.
Proposal 6. For RACH config Option 2 (based on two separate RACH configs), support Alt 2-4 to allow SBFD UEs to use additional-ROs that overlap with non-SBFD symbols.
[2.2.3 SSB-to-RO Mapping in SBFD ROs]
Observation 8. Considering ascending order of SSB indexes in SSB-RO mapping for SBFD ROs, the RACH procedure for large number of SSBs could take long time due to redundancy of SSB-RO mapping in SBFD and non-SBFD symbols, despite the ample availability of ROs in SBFD and non-SBFD symbols within TDD cycles.
Observation 9. Considering descending order of SSB indexes in SSB-RO mapping for ROs in SBFD symbols, the RACH procedure can be enhanced with regards to latency for SBFD UEs.
Proposal 7. Support SSB-RO mapping in ROs in SBFD symbols based on descending order of SSB indexes.

[2.2.4 PRACH Power Control in SBFD Symbols]
Observation 10. Considering the potential CLI caused by PRACH transmission with increased PRACH power due to power ramping, the SBFD-aware UEs may be configured with different PRACH power control parameters for SBFD and non-SBFD ROs.
Proposal 8. Support configuring different PRACH power control parameters for SBFD and non-SBFD ROs, also for FDM-ed SBFD ROs that are closer or farther from DL subband edges, in consideration of potential CLI caused by PRACH transmission.
[2.2.5 RACH Repetition Configurations in SBFD Symbols]
Observation 11. Supporting PRACH repetition across SBFD symbols and non-SBFDs symbols could enable increased coverage for random access, as well as higher X-rep repetitions.
Proposal 9. Support PRACH repetition across SBFD symbols and non-SBFDs symbols.
[2.2.6 4-Step and 2-Step Random-Access in SBFD Symbols]
Proposal 10. Support 2-step RACH in SBFD ROs.
[2.2.7 Early Indication of support for SBFD]
Observation 12. During random access procedure, the SBFD-aware UE can indicate its capability and support for SBFD operation based on transmitted random-access preamble, or ROs used for RA preamble transmission.
Proposal 11. Support early indication for SBFD-aware UE in RRC-Idle/Inactive modes to indicate UE’s  support of SBFD operation as part of random-access, for example, via
· SBFD-specific preamble selection, or 
· PRACH transmission in SBFD ROs, or
· Indication as part of Msg3. 
[2.3 Random Access Operation in RRC-IDLE/INACTIVE mode]
Observation 13. During cell selection or initial access, the SBFD-aware UE in RRC-IDLE/INACTIE mode could check cells’ information on supporting SBFD operation, so that UE could prioritize cells with SBFD operation.
Observation 14. During initial access and cell selection, the SBFD-aware UE can measure the received power and potential CLI based on SSBs that are transmitted in SBFD symbols.
Observation 15. During cell selection, the SBFD-aware UE can determine to connect to the selected cell based on SBFD or non-SBFD operation according to the measured received power and potential CLI. This prevents latency and ping-ponging affects.
Proposal 12. Support random access in SBFD symbols for UEs in RRC-IDLE/INACTIVE mode.
Proposal 13. In cell selection or initial access, support indicating cells’ support on SBFD operation (e.g., in SIB1) to be used for cell ranking by SBFD-aware UEs. 
Proposal 14. Support prioritization rules for selecting the cells that support SBFD operation based on RSRP or potential CLI, during initial access or cell selection procedures for SBFD-aware UEs in RRC-IDLE/INACTIVE modes. 
[2.4 Initial performance analysis for repetition based PRACH transmissions across SBFD symbols]
Observation 16. PRACH preamble repetition in SBFD symbols enhances RACH detection performance in both contention-based and contention-free RACH occasions, where the RACH detection performance improves as the number of PRACH repetition occasions increases.
Proposal 15. Support PRACH repetition in SBFD symbols, for both contention-based and contention-free RACH occasions.
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Appendix – LLS assumptions for repetition based PRACH transmissions
	Parameter
	Value

	Scenario and frequency range
	FR1, 4GHz carrier frequency

	Subcarrier spacing
	30 kHz 

	Frame structure 
	· Baseline (TDD): DDDSU, where S=[12D:2G:0U]/S=[10D:2G:2U]
· SBFD: XXXXU, DXXXU, DDDXU (X: SBFD slot), with type-A repetition

	Channel model for link-level simulation
	TDL-C

	Delay spread
	300ns 

	UE velocity
	3km/h

	Number of Tx/Rx chains
	FR-1: 1Tx (UE) and 4Rx (gNB)

	CLI models
	-7dB AWGN

	Frequency hopping
	Disabled

	Timing error, frequency offset
	0, 0
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