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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 [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 co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel 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 co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In this contribution, we discuss SBFD operation to support random access in SBFD symbols in RRC_CONNECTED and RRC_IDLE/INACTIVE modes.
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 occasions 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 to perform random access procedure, for example 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 initial access, the UE could perform initial access procedure by selecting a preamble and the best SSB detected and measured from a selected cell. 
As for the 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. 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 FR1 table can be used as it fits well with the SBFD systems constituting FDD-like subband partitions within a carrier. Alternatively, to simplify the SBFD configurations supporting random access operations, a time-domain offset parameter can be considered to allow for an additional set of ROs that are time-domain shifted versions of the legacy ROs in UL-only slots.
Observation 1. The time resources where random-access preambles can be transmitted may be different in systems with SBFD slots compared to legacy TDD systems with UL-only and DL-only slots. 
Proposal 1. Decide how to indicate valid ROs that can coincide in SBFD symbols, flexible symbols, or UL-only symbols for SBFD-aware UEs.
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. 
Observation 2. 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.
Proposal 2. Consider any restriction signalling from the network regarding determining valid ROs, UE-specifically, such as prioritizing the use of SBFD slots for random access preamble transmission.
Cell selection for cells with SBFD operation
An SBFD-aware UE in RRC-IDLE/INACTIVE mode that determines to select a cell for connecting to the NW may 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 3. During cell (re)selection, the SBFD-aware UE may check cell’s information on supporting SBFD operation, so that UE could prioritize cells with SBFD operation.
Proposal 3. In cell (re)selection, consider indicating cells’ support on SBFD operation to be used for cell ranking by SBFD-aware UEs. 
Moreover, 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., EPRE) 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 receive 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. Moreover, 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.
Observation 4. During cell (re)selection, the SBFD-aware UE can measure the received power and potential CLI based on SSBs that are transmitted in SBFD symbols.
Observation 5. During cell (re)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.
Proposal 4. Consider enhancements on cell (re)selection procedures in cells that support 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.
Observation 6. 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 5. Consider enhancements on random-access procedures in cells supporting SBFD operation. 
Conclusion
In this contribution, we discussed issues on random access procedures in SBFD systems. From the discussions, we made following observations and proposals:
Observation 1. The time resources where random-access preambles can be transmitted may be different in systems with SBFD slots compared to legacy TDD systems with UL-only and DL-only slots. 
Observation 2. 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 3. During cell (re)selection, the SBFD-aware UE may check cell’s information on supporting SBFD operation, so that UE could prioritize cells with SBFD operation.
Observation 4. During cell (re)selection, the SBFD-aware UE can measure the received power and potential CLI based on SSBs that are transmitted in SBFD symbols.
Observation 5. During cell (re)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.
Observation 6. 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 1. Decide how to indicate valid ROs that can coincide in SBFD symbols, flexible symbols, or UL-only symbols for SBFD-aware UEs.
Proposal 2. Consider any restriction signalling from the network regarding determining valid ROs, UE-specifically, such as prioritizing the use of SBFD slots for random access preamble transmission.
Proposal 3. In cell (re)selection, consider indicating cells’ support on SBFD operation to be used for cell ranking by SBFD-aware UEs. 
Proposal 4. Consider enhancements on cell (re)selection procedures in cells that support SBFD operation. 
Proposal 5. Consider enhancements on random-access procedures in cells supporting SBFD operation. 
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