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Discussion and Decision
1 Introduction

At the RAN1#116bis meeting, we made the following progress regarding the SBFD random access operation.

	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).

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.


In this contribution, we provide our views regarding to the different RACH configuration options for SBFD aware UEs in RRC CONNECTED state.
2. Discussion
· RACH configuration option 1
The RACH configuration option 1 uses a single RACH configuration for both SBFD-aware and non-SBFD-aware UEs. Under this option, the legacy SSB-RO mapping is followed if a RO is in non-SBFD symbols or in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. However, if the RO falls within SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, according to the RAN1 agreement, a separate SSB-RO mapping rule would be applied. There are two options could be considered:

· Option A: Apply the current SSB-RO mapping rule separately to SBFD ROs.

· Option B: Continue mapping SBFD ROs starting from the SSB index associated with the latest legacy RO.
The option A offers the advantages of lower implementation complexity and less specification impact. The option B ensures uniform SSB indexes in the time domain, potentially aiding SBFD-aware UEs in reaching a preferred SSB index more rapidly. However, it may depend on the RACH configuration (e.g., ssb-perRACH-OccasionAndCB-PreamblesPerSSB, msg1-FDM) and the distance between the SBFD ROs and legacy ROs. Whether it can improve the overall RACH procedure latency should be further studied. Moreover, according to the NR TDD UL-DL configuration (DL slot(s) precedes flexible/UL slot(s)), it’s very likely that some SBFD RO may precede the legacy RO, and therefore how to tread this issue should be considered. From our perspective, the option A is preferred. 
Observation: 
· According to the NR TDD UL-DL configuration, DL slot(s) precedes flexible/UL slot(s), it’s very likely that some SBFD RO may precede the legacy RO. It may complicate the SSB-RO mapping if the concept of continuing SSB-RO mapping is applied to both SBFD ROs and legacy ROs.
Proposal 1: 
· For RACH configuration Option 1 with Alt 1-1, the current SSB-RO mapping rule could be reused for the separate mapping of ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
During the RAN1#116bis meeting, there was discussion on whether to introduce new parameters (i.e., Alt 1-2). These parameters could include the frequency offset or time offset of original RACH resources to reorganize the RO(s) in the SBFD symbol. From our perspective, this means that a separate configuration for SBFD-aware UEs and non-SBFD-aware UEs, which can be achieved by option 2 with more flexibility. As a result, reinterpretation of msg1-FrequencyStart is also unnecessary.

Proposal 2:

· For RACH configuration option 1 for SBFD-aware UEs, introducing new parameters or reinterpretation is unnecessary.
As for the validity of a RO in non-SBFD symbols for the SBFD-aware UEs, since only one RACH configuration is used, SBFD-aware UEs should apply the same determination rule as non-SBFD aware UE to ensure they can access all RACH resources. And 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.
Proposal 3: 
· For RACH configuration Option 1, ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
Proposal 4: 

· For RACH configuration Option 1, 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.

· RACH configuration option 2
The RACH configuration option 2 uses 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. The enhancement of UL coverage and/or latency could be achieved by a separate prach-ConfigurationIndex for the additional RACH configuration. Furthermore, for a RO in the additional RACH configuration, it should be considered as invalid if it occurs in a non-SBFD symbol to avoid additional efforts in handling the collision between a RO in the additional RACH configuration and one corresponding to the legacy RACH configuration. Another reason is there is no need to further expand the PRACH capacity in non-SBFD symbols, as the legacy RACH configuration already exists. As for a RO across SBFD symbols and non-SBFD symbols, we don’t think it’s allowed and should be treated as invalid. Furthermore, considering that the additional RACH configuration may have the purposes such as coverage extension etc., we believe the UE should perform the RACH procedure only according to the additional RACH configuration to benefit from its enhancements.
Proposal 5: 
· A RO in the additional RACH configuration for SBFD-aware UEs should be considered invalid if the RO occurs in a non-SBFD symbol.
Proposal 6: 

· If enabled, SBFD-aware UEs should comply with the additional RACH configuration for the RACH procedure to leverage the corresponding enhancements.
3. Conclusion

This contribution examines the feasibility of supporting random access for UE with single or separate RACH configurations. We have following observation and proposals:
For RACH configuration option 1:
Observation: 

· According to the NR TDD UL-DL configuration, DL slot(s) precedes flexible/UL slot(s), it’s very likely that some SBFD RO may precede the legacy RO. It may complicate the SSB-RO mapping if the concept of continuing SSB-RO mapping is applied to both SBFD ROs and legacy ROs.
Proposal 1: 
· For RACH configuration Option 1 with Alt 1-1, the current SSB-RO mapping rule could be reused for the separate mapping of ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
Proposal 2:

· For RACH configuration option 1 for SBFD-aware UEs, introducing new parameters or reinterpretation is unnecessary.
Proposal 3: 
· For RACH configuration Option 1, ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
Proposal 4: 

· For RACH configuration Option 1, 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.
For RACH configuration option 2:
Proposal 5: 
· A RO in the additional RACH configuration for SBFD-aware UEs should be considered invalid if the RO occurs in a non-SBFD symbol.
Proposal 6: 

· If enabled, SBFD-aware UEs should comply with the additional RACH configuration for the RACH procedure to leverage the corresponding enhancements.
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