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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. And the following agreements were made in RAN1#116 meeting [2].

	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.

Conclusion
No new PRACH format is introduced in Rel-19 duplex WI.

Agreement
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
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
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.

For future meetings
Companies to consider whether the existing random access configuration tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2) need to be enhanced.

Agreement
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
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
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.

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 this contribution, we provide our views on random access operation in the SBFD sub-band. 
Discussion
For the working assumption on supporting CBRA and CFRA in SBFD symbols, the main concern is the interference issue to support CBRA, considering the guard band will be placed on both side of SBFD UL subband, the interference is manageable. If only CFRA is allowed in SBFD symbols, the reserved RACH resources in SBFD subband will not be utilized efficiently. It makes sense to confirm the working assumption.
Proposal 1: Confirm the working assumption: For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Regarding the RACH resource configuration in SBFD symbols, in Rel-17, RAN2 defined the RACH Indication and Partitioning framework. Based on this framework, each RACH-related feature could configure the RACH resource independently with AddtionalRACH-ConfigList-r17, e.g., SDT, Msg3 PUSCH repetition, RedCap and slicing, it’s up to gNB implementation to configure the shared RO or separated RO for each feature. The separated RO means the ROs are configured differently from legacy Release. For random access in the SBFD sub-band, the RACH partition framework can be re-used in general. But the RO can’t be shared with non-SBFD aware UE. Therefore, only separate ROs can be configured in the SBFD sub-band for RRC CONNECTED UE. In short, a separatee RACH configuration can be indicated to SBFD aware UE, there is no impacts to existing UE in the network.
If one single RACH configuration is used for both SBFD aware UE and non-SBFD aware UE. It means the following aspects are the same for both type of UEs, i.e., PRACH format, RO frequency location and FDMred ROs. The difference is the ROs in SBFD symbols are invalid for non-SBFD aware UE. SBFD aware UE could use the ROs in UL symbols and/or in SBFD symbols, this is subjected to further discussion. One restriction is related to SBFD UL subband configuration, gNB should guarantee the SBFD UL subband include the PRBs of legacy RO in the UL symbols. Another one is the number of prach-ConfigurationIndex, which could cover the legacy RO and provide enough time domain ROs for SBFD aware UE, are limited. If additional prach-ConfigurationIndex is configured for SBFD aware UE one top of single RACH configuration, this would violate the principle of RAN2 RACH Partitioning framework. In addition, how to perform the SSB to RO association needs to be specified for single RACH configuration case.
Comparing two RACH configuration and the single RACH configuration, the single RACH configuration has less configuration flexibility and requires more standard works.
Observation: One single RACH configuration applied for both SBFD aware UE and non-SBFD aware UE put more resections on the RACH resource configuration.
Proposal 2: A separate RACH configuration is supported for ROs in the SBFD sub-band.
Regarding the PRACH configuration for random access in 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. For TDD PRACH configuration tables, the number of ROs are less than the FDD configurations in general, the ROs are configured in the most possibly UL subframes, such as subframe 4, 9, and subframe 3,7. However, the ROs in SBFD subband 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. At least for FR1, the defined FDD PRACH configuration table could be re-used to indicate ROs in the SBFD symbols. 
Proposal 3: FDD PRACH configuration table, i.e., Table 6.3.3.2-2, can be used to indicate ROs in the SBFD symbols.
The configured RACH resources in the SBFD sub-band could be used for the 4-step RACH procedure, or other RACH-related features, e.g., SDT, Msg PUSCH repetition, RedCap, PRACH repetition. The network shall inform the UE of the purpose of RACH resources in the SBFD sub-band, it’s configured for a single specific feature or a feature combination as well.
Proposal 4: The network indicates the feature working on RACH resources in the SBFD sub-band.
The RO validation rule was defined for NR TDD since Rel-15. With newly introduced ROs in the SBFD sub-band, the PRACH preamble will be transmitted in the DL symbols configured in tdd-UL-DL-ConfigurationCommon. This is not fully aligned with the current RO validation rules, some clarifications could be necessary to avoid confusion. At least for ROs in the SBFD subband, it should be within the SBFD UL symbols. Another restriction for a valid RO is it should be fully within the SBFD UL subband. As the SBFD subband is configured in the DL slot, the RO and SSB could be within the same slot or overlapped, in this case the RO should be invalid. 
	[bookmark: _Hlk29801864]For unpaired spectrum, 
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1. 


Proposal 5: For ROs in the SBFD subband, 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. As there are two types of ROs, i.e., legacy RO in the UL symbols, and RO in the SBFD UL symbols, serving for different purpose. It could be simpler to separately perform the SSB to RO association for ROs in 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 a RO, but gNB could not figure out its associated SSB. The current SSB to RO association mechanism is broken. 
Proposal 6: SSB to RO association is performed independently for ROs in the SBFD subband.
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 7: 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 8: Msg3 PUSCH and its retransmission can be scheduled in the SBFD sub-band.
The calculation of preamble received target power is defined in TS38.321 as shown below.
	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


For the PRACH power control in the SBFD subband, as interference level is different in SBFD symbol and UL symbols, it makes sense to configure separate power control parameters for preamble transmission in SBFD symbols to achieve the similar preamble detection performance in SBFD symbol and UL symbols. From signaling configuration perspective, 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.
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.
Proposal 9: Separate PRACH power control parameters are configured for 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 10: RACH re-attempt should be in the SBFD symbols as the first PRACH transmission.
Conclusion
In this contribution, we provided our views on random access operation in the SBFD sub-band. Our observation and proposals are as follows:
Proposal 1: Confirm the working assumption: For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Observation: one single RACH configuration applied for both SBFD aware UE and non-SBFD aware UE put more resections on the RACH resource configuration.
Proposal 2: A separate RACH configuration is supported for ROs in the SBFD sub-band.
Proposal 3: FDD PRACH configuration table, i.e., Table 6.3.3.2-2, can be used to indicate ROs in the SBFD symbols.
Proposal 4: The network indicates the feature working on RACH resources in the SBFD sub-band.
Proposal 5: For ROs in the SBFD subband, the valid RO should be within SBFD UL symbols, fully within the SBFD UL subband, and not overlapped with the SSB. 
Proposal 6: SSB to RO association is performed independently for ROs in the SBFD subband.
Proposal 7: Support both 4-step RACH and 2-step RACH procedure in SBFD sub-band at least for RRC CONNECTED UE.       
Proposal 8: Msg3 PUSCH and its retransmission can be scheduled in the SBFD sub-band.
Proposal 9: Separate PRACH power control parameters are configured for transmission in SBFD symbols
Proposal 10: RACH re-attempt should be in the SBFD symbols as the first PRACH transmission.
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