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1. Introduction

For reducing UL latency as well as to improve UL coverage, SBFD has been studied in Rel-18 and turn into normative work in Rel-19 with the following scope related to random access procedure as approved in [1]:

· 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
    In RAN1#116, the corresponding issues were discussed and the following agreements were reached [2]:
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#116bis, the corresponding issues, e.g. regarding detailed options to inform UE RO specifically for SBFD-aware UE, were discussed and the following agreements were reached [3]:

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, 

· 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.
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 provided our view regarding random access procedure for SBFD. Note that this document is a revision of R1-2402818.
2. Discussion 
     When PRACH transmission and Msg3 transmission could occur on SBFD symbol, there could be different handling as well as different UE behaviours between SFBD UE and non-SBFD UE (e.g. legacy UE), since non-SBFD UE may not be able to perform UL transmission on such symbol (e.g. when it’s configured as DL symbol). Therefore, it is important to ensure there is no compatibility issue and misalignment when both types of UEs are available on the same cell. Besides, since there would be additional PRACH resources that is available only for SBFD UE, RAN1 would need to further study how to indicates these additional PRACH resources on top of the existing PRACH configuration. How the base station partitions these PRACH resources properly would also need to be taken into account. Regarding Msg3 transmission, the base station would need to distinguish whether the UE initiating random access procedure is SFBD UE or non-SBFD UE so that the base station could allocate resource for Msg3 properly, e.g. whether to allocate Msg3 on some SBFD symbols which could not be utilized as UL by non-SBFD UE. To fulfil this criteria, PRACH resource for non-SBFD UE and PRACH resource needs to be separated so as to allow them to be distinguished when preamble is detected. Regarding Option 1 and option 2 currently on the table, it seems option 2 is a cleaner solution since 1. all RO allocations for RO specifically for SBFD-aware UE achievable via option 1 could be achieved by Option 2 as well and 2. Separate RO specifically for SBFD-aware UE allocated by option 1 is implicitly tied to  ROs for legacy UE so that gNB does not have freedom to spread these ROs in time domain which would have a negative impact on latency reduction. 
Observation 1: There could be some SBFD symbol (e.g. configured as DL) which non-SFBD UE could not utilize them to perform UL transmission.

Observation 2: SFBD UE and non-SBFD UE needs to distinguished after Msg1 transmission so that base station could schedule Msg3 resource properly.
Observation 3: RACH configuration option 1 is limited since ROs specifically for SFBD UE would be implicitly tied to legacy ROs.
Proposal 1: RAN1 further investigate how to indicate additional PRACH resources (which could not be utilized by non-SBFD UE) to SBFD UE on top of existing PRACH configuration.

Proposal 2: SBFD UE and non-SBFD UE use separate PRACH resource to initiate random access procedure. 
Proposal 3: At least RACH configuration option 2 is supported to indicate separate Ros specifically for SBFD-aware UE.
RAN1 also discussed whether to extend the support of random access procedure for SBFD-aware UE to RRC idle/inactive mode. As observed in the previous meeting, supporting PRACH transmission on SBFD symbol could reduce latency as well as improve UL coverage under the concerned case. Also, other than providing PRACH configuration as well as subband-related information for idle/inactive mode UE, there are to much to be add in terms of specification support on top of the already support RRC connected mode UE. Therefore, it is propose to conclude that supporting SBFD operation for RRC idle/inactive mode UE for random access is justified and recommend RAN Plenary to start the normative work after RAN#104.
Proposal 4: Supporting SBFD operation for RRC idle/inactive mode UE for random access is justified from RAN1 perspective and recommend RAN Plenary to start the corresponding normative work after RAN#104. 
3. Conclusion

In this contribution, we discuss issues related to random access procedure for SBFD and have the following observations/proposals:
Observation 1: There could be some SBFD symbol (e.g. configured as DL) which non-SFBD UE could not utilize them to perform UL transmission.

Observation 2: SFBD UE and non-SBFD UE needs to distinguished after Msg1 transmission so that base station could schedule Msg3 resource properly.

Observation 3: RACH configuration option 1 is limited since ROs specifically for SFBD UE would be implicitly tied to legacy ROs.
Proposal 1: RAN1 further investigate how to indicate additional PRACH resources (which could not be utilized by non-SBFD UE) to SBFD UE on top of existing PRACH configuration.

Proposal 2: SBFD UE and non-SBFD UE use separate PRACH resource to initiate random access procedure. 
Proposal 3: At least RACH configuration option 2 is supported to indicate separate Ros specifically for SBFD-aware UE.
Proposal 4: Supporting SBFD operation for RRC idle/inactive mode UE for random access is justified from RAN1 perspective and recommend RAN Plenary to start the corresponding normative work after RAN#104. 
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