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1. Introduction

The New WID for Sub-band full duplex (SBFD) was approved in RAN #102 meeting [1]: 

	The objectives 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


In TDD, a limited time duration for the uplink would result in reduced coverage, increased latency and reduced capacity. In order to enhance the limitation of the conventional TDD operation, subband non-overlapping full duplex at the gNB side had been studied in Rel-18. 

In this document, we’d like to address the potential issues to support the random access in SBFD symbols and propose our views on the SBFD RA operations. 
2. Discussion
2.1. PRACH configuration for SBFD symbols
At the RAN1 #116bis meeting, the agreements were made as below: 
	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 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 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.


For RACH configuration Option 1, RAN1 considers two alternatives depending on whether the new parameter(s) is introduced for one single RACH configuration, where Alt 1-2 is left as FFS. However, if RAN1 only considers Alt 1-1, there may be an issue especially with PRACH power control in SBFD symbols. Considering the power control issue on PRACH transmission in SBFD symbols, we prefer to consider Alt 1-2 for RACH configuration Option 1. 
Proposal 1. Consider the RACH configuration with newly introduced parameters for RACH configuration Option 1.

In addition, there is left as FFS whether the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs. With the RACH configuration Option 1, if ROs in non-SBFD symbols are not allowed for SBFD-aware UEs, SBFD-aware UEs wholly lose the PRACH transmission opportunities in flexible and UL slots of TDD. From SBFD design point of view, we should give more PRACH transmission opportunities in time for SBFD-aware UEs. Moreover, it may need to switch between SBFD symbols and non-SBFD symbols even if it is a SBFD-aware UE. Thus, we propose that the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs. 
Proposal 2. For RACH configuration Option 1, ROs in non-SBFD symbols that are valid for non-SBFD aware UEs should be also valid for SBFD aware UEs.

For RACH configuration Option 2, RAN1 decided to down-select from Alt 2-3 and Alt 2-4. In our understanding, this is related to whether the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are valid for SBFD aware UEs. As mentioned above proposal, if legacy ROs in non-SBFD symbols is invalid for SBFD-aware UEs with Alt 2-3, SBFD-aware UEs will lose the PRACH transmission opportunities in flexible and UL slots of TDD. So, it may need to support additional ROs in non-SBFD symbols configured by additional RACH configuration for SBFD-aware UEs (Alt 2-4) if ROs in non-SBFD symbols are not allowed. However, the additional RACH configurations for additional ROs in non-SBFD symbols would be optimized for the SBFD symbols, and it is also unclear whether to allow the legacy RACH configurations or the additional RACH configuration for the PRACH transmission in the additional ROs configured in non-SBFD symbols. For a simple design, we prefer Alt 2-3 for RACH configuration Option 2. 
Proposal 3. For RACH configuration Option 2, the additional-ROs in non-SBFD symbols configured by additional RACH configuration should be invalid for SBFD-aware UEs.
2.2. PRACH power control in SBFD symbols

At the RAN1 #116 meeting, the issues for future meetings were described as below: 

	For future meetings:
In RAN1#116bis meeting, at least the following issues will be discussed:

· Whether to support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode

· Details of the two options for configuring ROs for SBFD aware UEs in RRC CONNECTED mode, including RO validation rules, SSB-RO mapping rules, whether/how to allow SBFD aware UE and non-SBFD aware UE to use different PRACH preamble formats.

· Whether/how to support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.

· Whether/how to enhance the existing random access configuration tables for unpaired spectrum

· Whether/how to support PRACH repetition


In NR, a UE determines a transmission power for a PRACH based on PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers and a pathloss calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP with limitation of maximum PRACH transmission power. The PREAMBLE_RECEIVED_TARGET_POWER is set by higher layer based on the parameters such as power ramping counter, power ramping step and delta preamble. Considering the potential CLI, it is clear that the PRACH transmission power for ROs in SBFD symbols should be determined based on the different values from PRACH power control parameters for ROs in non-SBFD symbols. Therefore, we propose RAN1 support separate PRACH power control parameters in SBFD symbols and non-SBFD symbols.
Proposal 4. Support separate PRACH power control parameters in SBFD symbols and non-SBFD symbols.
For RACH configuration Option 2, a gNB can configure the separate PRACH power control parameters for SBFD symbols via the separate RACH configuration. However, if PRACH configuration Option 1 is supported, RAN1 needs to further discuss how to enhance the PRACH power control for PRACH transmission in SBFD symbols. According to the current agreement, if SBFD-aware UEs can use only based on the existing parameters of the legacy RACH configuration for PRACH in SBFD symbols, we should discuss how to enhance the power control for PRACH transmission in SBFD symbols for this case. Otherwise, RAN1 should support the alternative with newly introduced parameters (i.e., Alt 1-2 of RACH configuration Option1).
Proposal 5. Discuss how to enhance the PRACH power control for PRACH transmission in SBFD symbols for PRACH configuration Option 1.

2.3. PRACH resource selection 

In the last meeting, moderator suggested to defer the discussion on PRACH resource selection and subsequent transmission until the solution of RACH configuration is clearer. However, we think RAN1 should discuss this issue together because it is related to the several issues such as PRACH power control, PRACH repetition, SSB-RO mapping as well as the RACH configuration. 
Firstly, let’s consider the issue of whether SBFD-aware UEs can use both ROs in SBFD symbols and non-SBFD symbols in a PRACH transmission. If both are allowed for SBFD-aware UEs, it may mean a SBFD-aware UE could select the closet RO in time among ROs in SBFD symbols and ROs in non-SBFD symbols in a single PRACH transmission. With RACH configuration Option 1, gNB cannot configure additional ROs in non-SBFD symbols because ROs in SBFD symbols are configured only by the legacy RACH configuration. So, if both ROs are not allowed, there is no opportunity for PRACH transmission in flexible and UL slots. For PRACH configuration Option 2 as proposed in the section 2-1, we prefer that the additional ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs and to allow legacy ROs instead of additional ROs in non-SBFD symbols. From a latency reduction perspective, it is beneficial for SBFD-aware UEs to use both ROs in SBFD symbols and non-SBFD symbols in a single PRACH transmission, but RAN1 needs to carefully consider because there may be additional issues. According to the current specification, a UE first selects a preamble associated to the selected SSB based on the SSB-RO mapping rules, and then the UE determines the next available RO from the ROs corresponding to the selected SSB. If the number of preambles per SSB in RACH configuration for SBFD symbols is set to a different value from the RACH configuration for non-SBFD symbols, there is a possibility that a UE selects a different preamble index for each symbol type. In order to solve this issue, the number of preambles per SSB for SBFD symbols may need to be limited to the same as the number of preambles for non-SBFD symbols. 
Proposal 6. Discuss whether SBFD-aware UEs can use both ROs in SBFD symbols and non-SBFD symbols in a single PRACH transmission.

Next, we can also consider the symbol type switching between RACH transmission and the corresponding retransmission. There would be various ways to design the symbol type switching. Similar to the RA type switching between 2-step and 4-step RACH, the SBFD-aware UE can select a symbol type during RACH initialization. The symbol type selection may be based on a rule(s) predefined or configured by a gNB. Also, max number of preamble transmissions in SBFD symbols performed before switching to non-SBFD symbol types can be configured by a gNB. Allowing only preamble transmission in SBFD symbols may cause RA failure due to the power limitation or CLI issue in SBFD symbols. From this point of view, we propose that RAN1 discuss whether the symbol type can be switched between PRACH transmission and the corresponding retransmission. 
Proposal 7. Discuss whether the symbol type can be switched between PRACH transmission and the corresponding retransmission.
3. Conclusion

Based on the discussion in the above section, the following proposals are suggested.
Proposal 1. Consider the RACH configuration with newly introduced parameters for RACH configuration Option 1.

Proposal 2. For RACH configuration Option 1, ROs in non-SBFD symbols that are valid for non-SBFD aware UEs should be also valid for SBFD aware UEs.

Proposal 3. For RACH configuration Option 2, the additional-ROs in non-SBFD symbols configured by additional RACH configuration should be invalid for SBFD-aware UEs.
Proposal 4. Support separate PRACH power control parameters in SBFD symbols and non-SBFD symbols.

Proposal 5. Discuss how to enhance the PRACH power control for PRACH transmission in SBFD symbols for PRACH configuration Option 1.

Proposal 6. Discuss whether SBFD-aware UEs can use both ROs in SBFD symbols and non-SBFD symbols in a single PRACH transmission.

Proposal 7. Discuss whether the symbol type can be switched between PRACH transmission and the corresponding retransmission.
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