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Introduction
[bookmark: _Hlk159241526]At the RAN1#116 and RAN1#116-bis meeting, the followings were agreed under the agenda item of SBFD random access operation [1][2]. 
	Conclusion at RAN1#116
No new PRACH format is introduced in Rel-19 duplex WI.
Agreement at RAN1#116
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
Agreement at RAN1#116
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)

Conclusion at RAN1#116
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.
Agreement at RAN1#116
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.
Agreement at RAN1#116
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.
Agreement at RAN1#116
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.

Agreement at RAN1#116-bis
Confirm the working assumption:
Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Agreement at RAN1#116-bis
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 at RAN1#116-bis
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 at RAN1#116-bis
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 at RAN1#116-bis
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 at RAN1#116-bis
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 at RAN1#116-bis
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 at RAN1#116-bis
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 at RAN1#116-bis
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 contribution, we discuss SBFD operation of UEs in RRC_IDLE/INACTIVE mode and in RRC_CONNECTED mode for random access and provide our views.

[bookmark: OLE_LINK69]Discussion on SBFD random access operation
During the study item phase, it had been concluded that enabling random access on SBFD symbols can reduce the initial access latency, reduce PRACH collision probability in NR TDD carriers. In addition, it can improve PRACH and Msg3/MsgA-PUSCH coverage. However, the potential drawback is that PRACH and Msg3 transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI. And at the RAN1#116 meeting, RAN1 captured the following observations as a conclusion to support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
	Conclusion at the RAN1#116 meeting
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.


Based on these observations, we support to specify SBFD operation of UE in RRC_IDLE/INACTIVE mode for random access.
· [bookmark: _Hlk166074302]Proposal 1: We support to specify SBFD operation of UE in RRC_IDLE/INACTIVE mode for random access.
If duplicate configurations would not be considered for semi-static indication of time and frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode and in RRC_IDLE/INACTIVE, it seems reasonable to have the same configuration for semi-static indication of time and frequency domain location of SBFD subbands to both UEs in RRC_CONNECTED and UEs in RRC_IDLE/INACTIVE modes. 
· [bookmark: _Hlk166074325]Observation: It seems reasonable to have the same configuration for semi-static indication of time and frequency domain location of SBFD subbands to both UEs in RRC_CONNECTED and UEs in RRC_IDLE/INACTIVE modes.
Configuration of RACH occasions for SBFD operation
Regarding configuration of RACH occasions for SBFD operation, considering that, regardless of whether it is a legacy UE or a SBFD aware UE, UL symbols and UL slots should have the common RO configuration and SS/PBCH block index to RO mapping method, based on the legacy RACH configuration. A method of setting the RO within the UL subband in the SBFD symbol and reinterpreting the SS/PBCH block index to RO mapping method related with ssb-perRACH-OccasionAndCB-PreamblesPerSSB parameter within the BW occupied by the RO may be considered if one single RACH configuration with possible enhancement (i.e., Option 1 for RACH configuration as working assumption at the RAN1#116-bis meeting) is used. However, if two separate RACH configurations including one legacy RACH configuration and one additional RACH configuration are used (i.e., Option 2 for RACH configuration as working assumption at the RAN1#116-bis meeting), the one additional RACH configuration for setting both the RO configuration for the SBFD aware UE and the SS/PBCH block index to RO mapping related with ssb-perRACH-OccasionAndCB-PreamblesPerSSB parameter independently from that of the legacy UE may be considered. 
On the one hand, considering a situation where Rel-19 SBFD aware UEs and legacy UEs (or non-SBFD aware UEs) that do not support SBFD operation would coexist on the same network, it might be desirable for legacy UEs to perform existing operations according to the legacy RO configuration and SS/PBCH block index to RO mapping method in backward compatible manner, and for Rel-19 SBFD aware UEs to reinterpret the legacy RO configuration (e.g. msg1-FDM, msg1-FrequencyStart and ssb-perRACH-OccasionAndCB-PreamblesPerSSB) and SS/PBCH block index to RO mapping method. On the other hand, it is possible to allow SBFD aware UEs to simply receive the additional RACH configuration to establish RO for constructing RO within UL subband.
For legacy UEs, frequency domain location and resource of PRACH occasions for PRACH preamble transmission is determined by the RRC parameter msg1-FDM and msg1-FrequencyStart while time domain location and resource for PRACH preamble is determined by the RRC parameter prach-ConfigurationIndex. Especially for the msg1-FrequencyStart, the range can be configured within initial UL BWP for legacy UE. However, starting of RO should be limited within UL subband in frequency domain for SBFD operation in SBFD symbols configured as flexible or downlink by tdd-UL-DL-ConfigurationCommon. And the starting symbol for PRACH slot should be also reinterpreted by Option 1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) or configured by Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) as the starting symbol of semi-statically configured UL subband in time domain as shown in Figure 1.
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Figure 1. An example configuration of PRACH occasions for SBFD operations within UL subband
For RACH configuration Option 1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration), it is suggested to consider an implicitly different RO resource setting from the legacy UE’s RO resource setting by reinterpreting at least msg1-FrequencyStart to configure the RO in the UL sub-band using additional parameters such as semi-statically configured frequency location of UL subband, UL BWP size, and UL subband size. At the same time, it is suggested that a reinterpretation of the msg-1 FDM parameter should be considered to allow RO allocation within the UL subband for SBFD aware UEs, as well as an additional reinterpretation of the ssb-perRACH-OccasionAndCB-PreamblesPerSSB parameter for the mapping of valid RO and SSB index.
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), it was FFS at the RAN1#116-bis meeting whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration. Taking this factor into account, it may be advisable to include parameters such as msg1-FrequencyStart, msg-FDM, and ssb-perRACH-OccasionAndCB-PreamblesPerSSB, which are deemed to require reinterpretation at least in Option 1, in an additional RACH configuration. Additionally, the prach-ConfigurationIndex, which is used for setting RO resources in the time domain, should also be included.
· [bookmark: _Hlk166074450]Proposal 2: For RACH configuration Option 1, it is suggested to consider an implicitly different RO resource setting from the legacy UE’s RO resource setting by reinterpreting at least msg1-FrequencyStart to configure the RO in the UL sub-band using additional parameters such as semi-statically configured frequency location of UL subband, UL BWP size, and UL subband size, while also considering a reinterpretation of additional parameters such as msg1-FDM and ssb-perRACH-OccasionAndCB-PreamblesPerSSB.
· Proposal 3: For RACH configuration Option 2, it may be advisable to include parameters such as msg1-FrequencyStart, msg-FDM, ssb-perRACH-OccasionAndCB-PreamblesPerSSB, which are deemed to require reinterpretation in Option 1, and prach-ConfigurationIndex for setting RO resources on the time domain in an additional RACH configuration.
Mapping for SS/PBCH block index to valid PRACH occasions
For the random-access procedure, a UE selects a RACH occasion (RO) among validated ROs from the set of configured ROs to perform PRACH transmission. The UE selects a valid RO based on the selected or indicated SSB and based on the association of the SSB with the valid RO. By detecting PRACH preamble with (pre-)defined Rx beam on resource which the UE sends PRACH, NW can figure out which SS/PBCH block(s) the UE has received well among SS/PBCH blocks transmitted by a gNB through beam sweeping. The mapping between SS/PBCH block index and PRACH occasions is defined by the following two RRC parameters such as msg1-FDM, ssb-perRACH-OccasionAndCB-PreamblesPerSSB. The msg1-FDM specifies how many ROs are allocated in frequency domain (at the same location in time domain). The ssb-perRACH-OccasionAndCB-PreamblesPerSSB specifies how many SSBs can be mapped to one ROs and how many PRACH preamble indexes can be mapped to single SSB. To perform random access in SBFD symbols for UEs in RRC_CONNECTED mode and RRC_IDLE/INACTIVE mode, it should be investigated how to map SS/PBCH block indexes to valid RACH occasions within UL subband for Rel-19 SBFD-aware UEs while considering different BW size between BW for ROs within UL subband for SBFD-aware UEs (BW_new) and BW for ROs for legacy UE (BW_legacy) in terms of BW for PRACH preamble transmission or different BW size between UL subband and UL BWP. Figure 2 is an example of SS/PBCH block index to RO mapping, based on legacy RACH configuration for the same configuration in UL slot or UL symbols with coexistence with legacy UEs. 
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Figure 2. An example mapping of SS/PBCH block indexes to valid PRACH occasions within UL subband.
· [bookmark: _Hlk166074628][bookmark: _Hlk166074790]Proposal 4: For RACH configuration Option 1, we propose to support legacy SSB to RO mapping rule for validated ROs within UL subband for Rel-19 SBFD aware UEs considering BW size difference between RO’s BW size of UL subband and legacy RO’s BW size for non-SBFD aware UEs.
At the RAN1#116-bis meeting, it was discussed for SS/PBCH block index to RO mapping in cases of RACH configuration Option 1 and Option 2 respectively. And it was agreed for RACH configuration Option 1 as the following. 
	Agreement at RAN1#116-bis
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


However, it still needs to discuss whether/how to handle SS/PBCH block index to RO mapping for new ROs (i.e., not legacy ROs) in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon even in RACH configuration Option 1 as shown in Figure 2. Considering consistent SS/PBCH block index to RO mapping with SBFD aware UEs and legacy UEs, regardless of being configured as flexible or downlink by tdd-UL-DL-ConfigurationCommon for new validated ROs (i.e., not legacy ROs) in SBFD symbols by RACH configuration Option 1, we propose to have separate SS/PBCH block index to RO mapping within UL subband in SBFD symbols for SBFD aware UEs.
· Proposal 5: For RACH configuration Option 1, we propose to have separate SS/PBCH block index to RO mapping for new validated ROs in SBFD symbols within UL subband for SBFD aware UEs, regardless of being configured as flexible or downlink by tdd-UL-DL-ConfigurationCommon.
For the RACH configuration Option 2, it should be concluded whether/how to handle SS/PBCH block index to RO mapping for new validated ROs (i.e., not legacy ROs) in SBFD symbols configured as downlink or flexible by tdd-UL-DL-ConfigurationCommon. Similarly to SS/PBCH block index to RO mapping in RACH configuration Option 1, it might be desirable for SBFD aware UEs to have a separate and independent SS/PBCH block index to RO mapping in SBFD symbols from the SS/PBCH block index to RO mapping on PRACH resource for legacy UEs regardless of being configured as flexible or downlink by tdd-UL-DL-ConfigurationCommon. This allows a gNB to avoid using different Rx beams for the reception of the PRACH from SBFD-aware UEs and non SBFD-aware UEs in the same symbol. However, if SBFD-aware UEs can use the ROs in both SBFD symbols and non-SBFD symbols, and the SBFD-aware UE is allowed to be configured ROs across SBFD symbol and non-SBFD symbols, it should be further investigated how to map SS/PBCH block indexes to ROs across SBFD symbols and non-SBFD symbols.
· [bookmark: _Hlk166075296]Proposal 6: For RACH configuration Option 2, we propose to have separate SS/PBCH block index to RO mapping for new validated ROs in SBFD symbols from the SS/PBCH block index to RO mapping on the PRACH resource for legacy UEs regardless of being configured as flexible or downlink by tdd-UL-DL-ConfigurationCommon.
Validation of PRACH Occasions
At the RAN1#116 meeting, it was agreed to further study the following two options for SBFD-aware UEs in RRC_CONNECTED state.
· 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.
At the previous RAN1 meeting, it was agreed to down-select (in RAN1#117) from the following alternatives for RACH configuration Option 2 to support random access operation for SBFD-aware UEs in RRC_CONNECTED state.
	Agreement at RAN1#116-bis
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.


If separate RACH configuration for the new PRACH occasions (i.e., RACH configuration Option 2) is applied, it may be desirable to consider RACH occasions set by the additional RACH configuration as valid only in SBFD symbols and invalid in non-SBFD symbols. However, since SBFD-aware UEs can also receive both the legacy RACH configuration and additional RACH configuration, it may be further considered as valid to set the RACH occasion in non-SBFD symbols (e.g. UL symbols or flexible symbols) according to both the legacy RACH configuration and the additional RACH configuration by validity check of the PRACH slot as the legacy manner. In particular, in order to improve the coverage of PRACH preamble transmission following the introduction of SBFD operation for random access, it may be essential to transmit the long PRACH format with an RO spanning across SBFD and non-SBFD symbols (e.g. UL symbols or flexible symbols) compared to with only ROs in SBFD symbols. Therefore, it may be desirable to make as many as possible opportunity to transmit the long PRACH format by determining the valid RO spanning across SBFD symbol(s) and non-SBFD symbols as a valid RO. However, it should be further configured that the SS/PBCH block index to RO mapping in validated ROs for legacy UEs and in validated ROs across SBFD and non-SBFD symbols for SBFD-aware UEs should be set identically in the same symbols. Such a configuration is for gNB to avoid using different Rx beams to receive the PRACH from SBFD aware UEs and non-SBFD aware UEs in the same symbols.
· [bookmark: _Hlk166075477]Proposal 7: For RACH configuration Option 2, we propose to set the RACH occasion in non-SBFD symbols as valid according to both the legacy RACH configuration and the additional RACH configuration by validity check of the PRACH slot as the legacy manner. (i.e., Alt 2-4)
· However, it should be further configured that the SSB-RO mapping in valid RO for legacy UEs and in valid RO across SBFD and non-SBFD symbols for SBFD-aware UEs should be set identically in the same symbols.
At the RAN1 #116-bis meeting, it was discussed on RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as downlink or flexible by tdd-UL-DL-ConfigurationCommon for RACH configuration Option 1 and Option 2 and the followings were agreed for RACH configuration Option 1.
	Agreement at RAN1#116-bis
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 the current NR system, ROs in symbols configured as downlink by tdd-UL-DL-ConfigurationCommon cannot be configured and even if configured, it is regarded as invalid. Considering SBFD operation with UL subband in symbols configured as downlink or flexible by tdd-UL-DL-ConfigurationCommon, it may be desirable to have the same RO validation rule when the ROs are configured in the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, regardless of which RACH configuration option is applied. Therefore, it is suggested for RACH configuration Option 2 that the configured ROs in SBFD symbols configured by additional RACH configuration are valid if at least time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB as the same manner with RACH configuration Option 1. 
· Proposal 8: For RACH configuration Option 2, it is suggested that the configured ROs in SBFD symbols configured by additional RACH configuration are valid if at least time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB as the same manner with RACH configuration Option 1. 
And the following conditions should be further considered similar to RO validation rule specified in legacy NR system.
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot on SBFD symbols is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last SS/PBCH block symbol.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot on SBFD symbols is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last downlink symbol and at least N_gap symbols after a last SS/PBCH block symbol.
· Proposal 9: Regardless of which RACH configuration option is applied, the following conditions should be further considered as in legacy NR system.
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot on SBFD symbols is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last SS/PBCH block symbol.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot on SBFD symbols is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last downlink symbol and at least N_gap symbols after a last SS/PBCH block symbol. 

Conclusion
In this contribution, we discussed SBFD operation of UEs in RRC_IDLE/INACTIVE mode and in RRC_CONNECTED mode for random access and summarize our views as the followings:
· Proposal 1: We support to specify SBFD operation of UE in RRC_IDLE/INACTIVE mode for random access.
· Observation: It seems reasonable to have the same configuration for semi-static indication of time location and indication of frequency domain location of SBFD subbands to both UEs in RRC_CONNECTED and UEs in RRC_IDLE/INACTIVE modes.
· Proposal 2: For RACH configuration Option 1, it is suggested to consider an implicitly different RO resource setting from the legacy UE’s RO resource setting by reinterpreting at least msg1-FrequencyStart to configure the RO in the UL sub-band using additional parameters such as semi-statically configured frequency location of UL subband, UL BWP size, and UL subband size, while also considering a reinterpretation of additional parameters such as msg1-FDM and ssb-perRACH-OccasionAndCB-PreamblesPerSSB.
· Proposal 3: For RACH configuration Option 2, it may be advisable to include parameters such as msg1-FrequencyStart, msg-FDM, ssb-perRACH-OccasionAndCB-PreamblesPerSSB, which are deemed to require reinterpretation in Option 1, and prach-ConfigurationIndex for setting RO resources on the time domain in an additional RACH configuration.
· Proposal 4: For RACH configuration Option 1, we propose to support legacy SSB to RO mapping rule for validated ROs within UL subband for Rel-19 SBFD aware UEs considering BW size difference between RO’s BW size of UL subband and legacy RO’s BW size for non-SBFD aware UEs.
· Proposal 5: For RACH configuration Option 1, we propose to have separate SS/PBCH block index to RO mapping for new validated ROs in SBFD symbols within UL subband for SBFD aware UEs, regardless of being configured as flexible or downlink by tdd-UL-DL-ConfigurationCommon.
· Proposal 6: For RACH configuration Option 2, we propose to have separate SS/PBCH block index to RO mapping for new validated ROs in SBFD symbols from the SS/PBCH block index to RO mapping on the PRACH resource for legacy UEs regardless of being configured as flexible or downlink by tdd-UL-DL-ConfigurationCommon.
· Proposal 7: For RACH configuration Option 2, we propose to set the RACH occasion in non-SBFD symbols as valid according to both the legacy RACH configuration and the additional RACH configuration by validity check of the PRACH slot as the legacy manner. (i.e., Alt 2-4)
· However, it should be further configured that the SSB-RO mapping in valid RO for legacy UEs and in valid RO across SBFD and non-SBFD symbols for SBFD-aware UEs should be set identically in the same symbols.
· Proposal 8: For RACH configuration Option 2, it is suggested that the configured ROs in SBFD symbols configured by additional RACH configuration are valid if at least time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB as the same manner with RACH configuration Option 1. 
· Proposal 9: Regardless of which RACH configuration option is applied, the following conditions should be further considered as in legacy NR system.
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot on SBFD symbols is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last SS/PBCH block symbol.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot on SBFD symbols is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last downlink symbol and at least N_gap symbols after a last SS/PBCH block symbol. 
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