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Introduction
In the RAN #102 meeting, the WID of the Release 19 NR duplex operation was agreed upon [1]. One objective of the WID is SBFD random access operation. The following agreements were made in the RAN1#116 bis meeting [2].

	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 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).
 
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.
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)
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.



This contribution provides our views on random access operation in the SBFD sub-band. 
Discussion
The RACH resources configured in the SBFD sub-band could provide more ROs for UE to perform the random access to reduce the random access latency, reduce the PRACH collision probability, and improve the PRACH coverage. According to the current specification, a group of features was defined to use the RACH resources, including 4-step RACH, 2-step RACH, SDT, Msg3 PUSCH repetition, RedCap, PRACH repetition, etc. To efficiently utilize the RACH resources in the SBFD sub-band, these features should be allowed to operate in those resources. The network can indicate UE the purpose of RACH resources in the SBFD sub-band, configured for a single specific feature or a feature combination.
Proposal 1: The network indicates the feature working on RACH resources in the SBFD sub-band.
A working assumption was made in the last RAN1 meeting that both single RACH configuration and two separate RACH configurations are supported for random access operation for SBFD-aware UEs in RRC CONNECTED state.  
For RACH configuration Option 1 (i.e., use one single RACH configuration with possible enhancement) RO validation rule, there is one FFS that “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)”. Without this FFS bullet, the SBFD-aware UE could transmit the PRACH outside the UL sub-band. This is contradictory with the following agreements made in RAN1#116 meeting, more specifically, UL transmissions outside of UL usable PRBs are not allowed. It’s not desirable to make an exception for PRACH only. The same UE behavior should be applied for SBFD symbol converted from DL symbol and flexible symbol.
	Agreement [3]
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol


Proposal 2: For Option 1 (i.e., use one single RACH configuration with possible enhancement), the network ensures the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon are within the UL usable PRBs.
Regarding the PRACH power control in SBFD symbols, due to the interference level in SBFD symbol and UL symbols being different, it makes sense to configure separate power control parameters for preamble transmission in SBFD symbols to achieve a similar preamble detection performance in SBFD symbol and UL symbols. Currently, the PRACH target reception power is determined according to the below formula according to TS38.321. To support separate PRACH power control for RACH configuration Option 1, the following parameters would be additionally configured for PRACH transmission in RO configured in SBFD symbols i.e., preambleReceivedTargetPower, powerRampingStep, and preambleTransMax.
	PREAMBLE_RECEIVED_TARGET_POWER = preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP + POWER_OFFSET_2STEP_RA;

where PREAMBLE_RECEIVED_TARGET_POWER is the receive target power value. preambleReceivedTargetPower is the initial Random Access Preamble power for 4-step RA type which is configured by gNB; 
DELTA_PREAMBLE indicates the preamble format based power offset value;
PREAMBLE_POWER_RAMPING_COUNTER represents the number of preamble transmission. PREAMBLE_POWER_RAMPING_STEP configured by powerRampingStep indicates the power increase step when RACH fails. 
POWER_OFFSET_2STEP_RA is the offset switched from 2-stepRA to 4-stepRA


Proposal 3: For RACH configuration Option 1 (i.e., use one single RACH configuration with possible enhancement), separate PRACH power control parameters can be configured for transmission in SBFD symbols.
For RACH configuration Option 2, the separate power control parameter configuration is naturally supported by two RACH configurations, i.e., configuring preambleReceivedTargetPower, powerRampingStep, and preambleTransMax in RACH-ConfigGeneric in AdditionalRACH-Config. It’s just up to gNB implementation to configure the same or different PRACH power control parameters for PRACH transmissions in SBFD symbols.
Observation: For RACH configuration Option 2, it’s up to gNB implementation to configure separate power control parameters for PRACH transmission in SBFD symbols.
If separate PRACH power control parameters are configured for transmission in SBFD symbols, then the PRACH re-transmission or another RACH attempt should be in the SBFD symbols as well with the configured power ramping step.
Proposal 4: RACH re-attempt should be in the SBFD symbols as the first PRACH transmission.
For RACH configuration Option 2, whether additional ROs in non-SBFD symbol are valid or not for SBFD-aware UE was discussed in the last RAN1 meeting. It will down-select from the two alternatives. For Alt 2-3, the additional valid ROs are restricted in the SBFD symbols for SBFD-aware UE. Compared with Alt 2-3, Alt 2-4 provides more ROs for SBFD-aware UE in the non-SBFD symbols. However, no UL sub-band will be configured in non-SFBD symbols. It’s not aligned with the principle that all the UL transmissions are within the UL sub-band. In addition, the PRACH performance is assumed to be similar to ROs configured in SBFD symbols. However, the channel situations of ROs in SBFD symbols and non-SBFD symbols are quite different. Therefore, the additional ROs are valid only in SBFD symbols is preferred.
	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 5: For RACH configuration Option 2, the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Regarding the PRACH configuration for random access in the SBFD sub-band, currently, three random access configuration tables were defined in TS38.211, i.e., Table 6.3.3.2-2, Table 6.3.3.2-3, and Table 6.3.3.2-4. Comparing the TDD table and FDD table in FR1, the number of ROs in TDD PRACH configuration tables are less than the FDD configurations in general. The ROs in the TDD table are configured in the most possibly UL subframes, such as subframe 4, 9, and subframe 3,7. However, the ROs in the SBFD sub-band are located in the DL slot, such the entries of current TDD PRACH configuration tables could not provide enough ROs, and the RO configuration flexibility is restricted. FDD PRACH configuration table is more suitable for ROs in the SBFD symbols. 
As for introducing new entries or new parameters on top of the existing TDD PRACH configuration table, more standard works are required to optimize the ROs in SBFD symbols, and the benefit is not clear compared with re-using the FDD table. At least for FR1, the defined FDD PRACH configuration table could be re-used to indicate ROs in the SBFD symbols. 
Proposal 6: For RACH configuration Option 2, FDD PRACH configuration table, i.e., Table 6.3.3.2-2, is used to indicate ROs in the SBFD symbols in FR1.
For FR2, only the short PRACH formats are supported. 256 entries provide enough flexibility for each PRACH format configuration. Additional optimizations for ROs in SBFD symbols are not justified.  
Proposal 7: For RACH configuration Option 2, existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) in FR2 is used to indicate ROs in the SBFD symbols.
For RACH configuration Option 2, the validation rule of RO in SBFD symbols was discussed but without consensus. It is a common understanding that the time and frequency resource of the ROs in SBFD symbols are fully within the UL usable PRBs, the controversial part is whether to introduce additional restrictions, i.e., not overlapped with SSB. If it allows the SSB to overlap with the valid RO, let the UE determine whether to receive the SSB burst or transmit the PRACH. More standard and implementation efforts are required. In current specification TS38.213, if SSB is overlapping with PRACH transmission, SSB is prioritized over PRACH transmission.  
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot that are indicated to a UE by ssb- PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL ConfigurationCommon, or tdd-UL-DL- ConfigurationDedicated, when provided to the UE.


In last RAN1 meeting, it was agreed the valid RO in SBFD symbols is not overlapping with SSB for RACH configuration Option 1. It’s not desirable to have different RO validation rules for different RACH configurations, i.e., Option 1 and Option 2. It increases the gNB and UE implementation complexity to support SBFD random access operation. 
Proposal 8: For RACH configuration Option 2, for additional ROs configured in SBFD symbols by additional RACH configuration, the valid RO should be within SBFD UL symbols, fully within the SBFD UL subband, and not overlapped with the SSB. 
After the RO validation, the SSB to RO association can be performed. There are two types of ROs, i.e., legacy RO in the UL symbols, and RO in the SBFD UL symbols, serving different purposes. It could be simpler to separately perform the SSB to RO association for ROs in the SBFD subband. If both types of ROs are jointly performing the SSB to RO association, the legacy RO could be associated with different SSBs for legacy UE and SBFD-aware UE. It means the gNB detects the preamble from an RO, but gNB could not figure out its associated SSB. The current SSB to RO association mechanism is broken. 
Proposal 9: For RACH configuration Option 2, SSB to RO association is performed independently for ROs in the SBFD symbols.
2-step RACH was defined in Rel-16 to reduce the access delay. MsgA PUSCH will be transmitted after the associated MsgA preamble. The ROs for 2-step RACH can be shared with 4-step RACH or configured separately. Following the same principle, the ROs in the SBFD sub-band can be used for 2-step RACH to reduce the access delay. The difference is the additional resource for MsgA PUSCH. The time offset between the PRACH slot and the PUSCH slot is configured by the network. Thus, the MsgA PUSCH could be allocated in the SBFD sub-band according to the time offset.  
Proposal 10: Support both 4-step RACH and 2-step RACH procedure in SBFD sub-band at least for RRC CONNECTED UE.       
During the 4-step RACH random access procedure, Msg3 PUSCH is scheduled by RAR grant. If the PRACH is allowed to transmit in the SBFD sub-band, the Msg3 PUSCH transmission and retransmission can be scheduled in the sub-band to provide scheduling flexibility to gNB.  
Proposal 11: Msg3 PUSCH and its retransmission can be scheduled in the SBFD sub-band.
Conclusion
In this contribution, we provided our views on random access operation in the SBFD sub-band. Our observations and proposals are as follows:
Proposal 1: The network indicates the feature working on RACH resources in the SBFD sub-band.
Proposal 2: For Option 1 (i.e., use one single RACH configuration with possible enhancement), the network ensures the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon are within the UL usable PRBs.
Proposal 3: For RACH configuration Option 1 (i.e., use one single RACH configuration with possible enhancement), separate PRACH power control parameters can be configured for transmission in SBFD symbols.
Observation: For RACH configuration Option 2, it’s up to gNB implementation to configure separate power control parameters for PRACH transmission in SBFD symbols.
Proposal 4: RACH re-attempt should be in the SBFD symbols as the first PRACH transmission.
Proposal 5: For RACH configuration Option 2, the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Proposal 6: For RACH configuration Option 2, FDD PRACH configuration table, i.e., Table 6.3.3.2-2, is used to indicate ROs in the SBFD symbols in FR1.
Proposal 7: For RACH configuration Option 2, existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) in FR2 is used to indicate ROs in the SBFD symbols.
Proposal 8: For RACH configuration Option 2, for additional ROs configured in SBFD symbols by additional RACH configuration, the valid RO should be within SBFD UL symbols, fully within the SBFD UL subband, and not overlapped with the SSB. 
Proposal 9: For RACH configuration Option 2, SSB to RO association is performed independently for ROs in the SBFD symbols.
Proposal 10: Support both 4-step RACH and 2-step RACH procedure in SBFD sub-band at least for RRC CONNECTED UE.   
Proposal 11: Msg3 PUSCH and its retransmission can be scheduled in the SBFD sub-band.    
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