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RAN plenary #102 approved the work item on NR duplex operation, Sub-Band Full Duplex (SBFD) [1]. The objective of the work item is to specify SBFD operation at the gNB side within a TDD carrier. One of the objectives is to specify SBFD operation to support random access in SBFD symbols for UE in RRC-connected UE while studying the benefit of extending the random-access operation in SBFD symbols to UE(s) in RRC idle and inactive state. 

	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
                        …
· 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.
                   ….
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators




In this contribution, we first discuss the mechanism to enable the random-access procedure in SBFD symbols for UE in RRC-connected state. Then, we discuss how to extend SBFD random access to UE in RRC_IDLE/INACTIVE states.
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]SBFD Random access operation for RRC-connected UE 
Two types of random-access procedures are defined in current 3GPP NR specification, type-1 (4-step RACH) and type-2 (2-steps RACH). The 4-step random access is the conventional method for initial access in NR. In Rel-16, to further reduce the latency and signalling overhead, 2-step random access procedure was introduced. For both type-1 and type-2, the random-access procedure can be a contention based random access (CBRA) or contention free random access (CFRA). In CBRA, UE selects preamble randomly form a pool of preambles shared with other UEs. While in CFRA, UE is indicated, either by RRC or by PDCCH order, a dedicated preamble. 
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Figure 2‑1: 4-steps versus 2-steps random access procedure.
	Agreement
Confirm the working assumption:
Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
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)




RAN1#116 kicked off the discussion on SBFD random random-access operation for RRC-connected UE. It was agreed to support Type-1 random access procedure (4-step RACH) in SBFD symbols and further discuss Type-2 random access process (2-step RACH) after finalizing the design of 4-step RACH. The working assumption to support both CBRA and CFRA in SBFD symbols were confirmed in RAN1 #116bis as both CBRA and CFRA in SBFD symbols bring benefits of random access latency reduction, PRACH collision probability reduction and improved coverage of PRACH.
In RRC-connected state, UE may perform random access procedure for different triggering events as listed in Table 1, e.g. synchronization, BFR, SR failure, handover/mobility, SI request, etc. Considering the cell-level mobility as an example, the UE can receive a dedicated RACH configuration through handover command message to access the target cell. Another example is for BFR procedure when UE detects a beam failure of one of the serving-gNB beam(s), the UE may trigger a random-access procedure to indicate the serving gNB a new SSB/CSI-RS beam. When the UE is out-of-sync and there is downlink data arrival, the gNB may send a PDCCH order to resynchronize the UE UL timing. 
To leverage the benefits of SBFD random access, we believe that SBFD random access should be applicable for all random-access procedure triggered using either cell-specific PRACH configuration or UE-dedicated PRACH configuration parameters. 
Observation 1: A UE in RRC-connected state can perform CBRA or CFRA for different random-access triggering events, e.g. BFR, handover and PDCCH-order timing re-synchronization etc, using either UE-dedicated random-access configuration or cell-specific random-access parameters.
Proposal 1: RAN1 to further discuss which triggering events to be supported for CBRA and CFRA in SBFD symbols. e.g. BFR, SR failure, handover/mobility, SI request, etc.

[bookmark: _Ref158627868]Table 1: Random access procedures for RRC-Connected UE  
	Random access scenario
	Contention type
	RACH resources: UE-dedicated or cell-common RACH configuration

	Handover
	CFRA, CBRA
	RACH-ConfigDedicated within RRCreconfiguration

	Beam failure Recovery 
	CBRA, CFRA
	RACH resources configured under BeamFailureRecoveryConfig

	SI request (On-demand system information)
	CBRA, CFRA
	RACH configuration under SI-RequestConfig, otherwise using rach-ConfigCommon of initial UL-BWP.

	Synchronous reconfiguration
	CBRA, CFRA
	RACH-ConfigDedicated under ReconfigurationWithSync

	PDCCH order (Downlink data arrival while UE is out of sync)
	CBRA, CFRA
	Cell-specific RACH configuration RACH-ConfigCommon

	Uplink data arrival while UE is out of sync
	CBRA
	

	Scheduling Request failure
	CBRA
	

	Uplink data arrival for UE without PUSCH resource allocation
	CBRA
	

	Timing advance for UE positioning
	CBRA
	

	Early UL synchronization with an LTM candidate cell
	CBRA
	RACH configuration under EarlyUL-SyncConfig


[bookmark: _Hlk158989464]
RACH configuration for SBFD operation for 4-step RA
In this section, we discuss the RACH configuration and related procedures of SSB mapping and RO validity rules. 
Number of PRACH configurations
For random-access operation in SBFD symbols, RAN1 agreed to consider two options for PRACH configurations, either using single shared legacy RACH configuration or using two separate PRACH configurations, one legacy PRACH configuration and additional PRACH configuration for random-access in SBFD symbols. In RAN1 #116bis, it was agreed to support both options of RACH configuration as working assumption. 
	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
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.




One important design aspect between the two options of PRACH configuration is whether the SBFD random access operation is limited to SBFD-aware UE only or both legacy and SBFD-aware UE can leverage the SBFD random-access benefits.
The single RACH configuration allows both legacy UEs and SBFD-aware UE to leverage SBFD random access benefits in transparent way while it doesn’t require any extra signalling overhead. However, it requires proper configuration such that the RACH occasions occur in SBFD symbol indicated as ‘flexible’ by TDD-DL-UL common to guarantee consistent SSB to RO mapping for both legacy and SBFD-aware UE.  On the other hand, introducing an additional RACH configuration for only SBFD-aware UE will enable flexible configurations of the PRACH in terms of time and frequency resources, PRACH format, power configuration targeting the uplink link quality in SBFD symbols. However, it requires extra signalling overhead and some criteria for selection of which RACH configuration to be used for PRACH transmission by the SBFD-aware UE.
Observation 2: single RACH configuration would enable SBFD random access operation for both SBFD-aware UE and legacy UE without extra signalling overhead.
· It requires proper gNB configuration of the PRACH time and frequency resources to have same valid ROs and consistent SSB-to-RO mapping for both legacy and SBFD-aware UE. 

Observation 3: Additional SBFD-specific PRACH configuration will enable SBFD random access operation only for SBFD-aware UE.   It requires extra signalling overhead and limits the benefits of SBFD random access only to SBFD-aware UE. 
· This will enable separate and flexible configuration of the PRACH format, PRACH time/frequency resource, power control targeting UL link quality in SBFD symbols.

Option 1: Single RACH configuration
For option 1, it is agreed to support Alt 1-1 without extra RRC overhead and the existing RACH parameters within the PRACH configuration are used for the random access in SBFD symbols. The additional ROs in SBFD-DL symbols are valid if they are configured within the usable PRBs of the UL-subbald. 
However, if the frequency configuration parameters of ROs (msg1-FrequencyStart, msg1-FDM) are interpreted the same way (i.e. with respect the PRB0 of the UL-BWP) in both SBFD and non-SBFD symbols, this may lead to some configuration restriction and may lead to resource fragmentation in the non-SBFD symbols.  To alleviate this problem, the start-RB of the SBFD-RO can be interpreted relative to the first usable PRB in the UL subband as shown in Figure 2‑2.


[bookmark: _Ref163168676]Figure 2‑2: The start-RB of the first RO in SBFD-DL symbols.
Observation 4:  The start-RBs of the ROs in SBFD-DL symbols can be with respect to the first usable PRB in the uplink subband to avoid uplink frequency resource fragmentation. 
In addition, it is preferred to have separate power control for PRACH transmission in SBFD symbols, to either limit the impact of inter-UE CLI or to improve the reception of PRACH at the gNB due to higher interference levels. 
Observation 5: For PRACH transmission in SBFD symbols with option-1 configuration, separate power transmission parameters is useful to mitigate the impact of inter-UE CLI and/or to improve gNB preamble reception.

Proposal 2:  For SBFD random access operation using option 1, support the following:
· The start-RBs of the ROs in SBFD-DL symbols can be interpreted with respect to the first usable PRB in the uplink subband.
· FFS: Separate power control parameters for PRACH transmission in SBFD symbols.

Option 2: Two separate RACH configurations
For option-2 using additional PRACH configuration dedeicated for SBFD random access, it was agreed to further discuss whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration or only subset of them. In our views, not all PRACH parameters need to be duplicated as some parameters can be common between SBFD-dedicated PRACH configuration and legacy PRACH configuration. 
In our views, the following PRACH parameters should be configured separately for the additional PRACH configuration:
· Time resource configuration: The configured ROs locatons and PRACH configuration periodicity are obtained based on the prach-ConfigurationIndex which additionally indicates the preamble format. 
· Frequency resource configuration: the start-RB of the first RO and the number of FDMed ROs are obtained by msg1-FrequencyStart and msg1-FDM respectively. 
· Power control parameters: preambleReceivedTargetPower and powerRampingStep defines the PRACH received target power and the power step size. 
· SSB-RO mapping parameters: totalNumberOfRA-Preambles and ssb-perRACH-OccasionAndCB-PreamblesPerSSB that determines that total number of preambles per RO, #SSB per ROs and number of preambles per SSB per RO. 
· SSB parameters: SSB subsets to be mapped to SBFD-ROs, SSB start index and SSB-RSPR threshold. 
· PRACH subcarrier spacing.

Proposal 3:  For SBFD random access operation using option 2, support the following PRACH parameters for the additional PRACH configuration: 
· Time resource configuration
· Freq. resource configuration 
· Power control parameters
· SSB-RO mapping parameters
· SSB parameters
· PRACH subcarrier spacing.
	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.




For PRACH configuration option-2, it was agreed that legacy ROs configured by legacy PRACH configuration will be treated using legacy RO validation rules and legacy SSB-RO mapping rules to have consistent behaviour of SBFD-aware as legacy UEs. For the additional PRACH configuration, the PRACH configuration index may configure ROs in both SBFD symbols and non-SBFD symbols. Two alternatives were listed whether the configured RO in non SBFD symbols should be considered as valid or invalid. This issue was discussed in the last meeting and majority of companies prefer to support only Alt 2-3 as Alt 2-4 is out of scope per WID description. In addition, it will create extra specification work and benefits are not clear. 
Proposal 4:  Support Alt 2-3 for PRACH configuration option 2 where the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
In FL-symbols that is configured with UL subband, there could be overlapping between the legacy ROs of the legacy PRACH configuration and SBFD-ROs by the additional PRACH configuration. This may require special handling at the gNB especially if different SSBs are mapped to the overlapping ROs. For simplicity, it is better to avoid overlapping ROs in SBFD-FL symbols by invalidating the SBFD-ROs if it overlaps with legacy RO. 

Proposal 5: For RACH configuration Option 2, SBFD-aware UE first determine valid legacy ROs in non-SBFD symbols (UL and FL symbols) then UE determines valid ROs by the additional PRACH configuration in SBFD-symbols. 
· SBFD-RO in FL symbols that overlap with legacy-ROs are considered invalid.

Enhancing PRACH configuration table
The UE is configured by higher layer for PRACH transmission based on ‘PRACH configuration Index’ that defines the PRACH format sequence (e.g. long sequence and short sequence) and the time domain resources of the PRACH. 3GPP has specified [TS 38.211] three tables for PRACH configuration indices based on frequency range (FR1 and FR2) and duplexing type (unpaired spectrum, paired spectrum/supplementary uplink).
SBFD random access operation for RRC-connected UEs are for TDD carrier in unpaired spectrum. Then, considering the tables for random-access configuration for FR1/FR2 and unpaired (Table 6.3.3.2-3, Table 6.3.3.2-3 in TS 38.211), the time domain resources (subframe indexes and slot indexes) were designed with the target of the uplink slot in the TDD pattern. The subframe numbers within a frame that contain PRACH slots were selected to map towards the UL slots of the TDD-DL-UL pattern. 
Observation 6: The PRACH configuration tables for random access operation in FR1/FR2 unpaired spectrum were designed such that the time resource of the PRACH is targeting the uplink slots in the TDD pattern.
For example, considering random access for FR1 and unpaired spectrum, to configure a long PRACH sequence based on format 0 with periodicity of 20 ms (every other frame), there are only four PRACH configuration indices (3-6), highlighted in blue at Table 2, that can be used. Across these possible configurations, the PRACH slots can be located only within subframe numbers 4 or 9. When applying any of these PRACH configuration to one of the most commonly used slot pattern DDDSUDDSUU, it can be noticed that the PRACH slots are only located in the two uplink slots of the pattern in subframe 4 or subframe 9. 
[bookmark: _Ref163199743]Table 2: PRACH configuration for FR1 unpaired spectrum (Table 6.3.3.2-3 in TS 38.211)
	PRACH Configuration Index
	Preamble Format
	

	Subframe Number
	Starting Symbol
	Number for PRACH slots within subframe
	Time Domain PRACH Occasions within PRACH Slot
	PRACH duration

	
	
	x
	y
	
	
	
	
	

	0
	0
	16
	1
	9
	0
	-
	-
	0

	1
	0
	8
	8
	9
	0
	-
	-
	0

	2
	0
	4
	41
	9
	0
	-
	-
	0

	3
	0
	2
	0
	9
	0
	-
	-
	0

	4
	0
	2
	1
	4
	0
	-
	-
	0

	5
	0
	2
	0
	9
	0
	-
	-
	0

	6
	0
	2
	1
	4
	0
	-
	-
	0

	7
	0
	1
	0
	9
	0
	-
	-
	0



	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	D
	D
	D
	S
	U
	D
	D
	S
	U
	U
	D
	D
	D
	S
	U
	D
	D
	S
	U
	U



Another limitation for TDD PRACH configurations tables, there is no PRACH configuration index that allows ROs only in subframe #0 which may be needed to enable ROs in SBFD slot configured in first or second DL slots. The only PRACH configuration row that enables ROs in subframe #0 is based on all ROs in all subframes 0,1,2, …, 9 (e.g. raw 86 for format A1).
Observation 7: The current PRACH configuration tables for FR1/FR2 unpaired spectrum may not enable flexible configuration of PRACH slots in SBFD slot indicated in DL symbols by TDD-DL-UL common.
For option 1 (single PRACH configuration), it was agreed to reuse the existing TDD PRACH configuration for FR1 and FR2, to achieve backward compatibility with legacy UEs. For PRACH configuration option 2, several alternatives were listed for FR1 and FR2.  Introducing new entries on top of existing random access configurations table (Alt 3) can leverage the shortcoming of current TDD PRACH configuration table for both FR1 and FR2. 
	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).

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)




Proposal 6: Support (Alt3) by introducing additional PRACH configurations to enable SBFD random access operation in FR1 and FR2 unpaired spectrum. 
Validity rules for RACH occasion in SBFD symbols 
In the last RAN1 meeting, the following agreement was made for the validity rules of ROs configured in SBFD symbols. Although the agreement was made for option-1, the same rules should be applicable for optio-2 (two separate PRACH configurations).
	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



ROs in SBFD-FL symbols
In current specification (TS 38.213), a configured ROs in flexible symbol is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least Ng symbols after a last SS/PBCH block reception symbol. It was agreed that current 3GPP validation rules of RO in SBFD-FL symbols and non-SBFD symbols are not enhanced. This is mainly as SBFD-aware could opt-in for legacy RACH operation and these ROs should be considered valid for the SBFD-aware UE in the same way as legacy UEs.  When SBFD is configured in FL-symbols, mainly to enable SBFD operation for legacy UE, gNB should configure the ROs within the UL-subband as gNB won’t be able to receive outside the UL subband. To keep consistent behaviour of legacy UE and SBFD-aware Ues in terms of validation rules of configured ROs in SBFD-FL symbols, the legacy validation rules in FL symbols should be kept the same. 
Proposal 7:  For option 1 (Single PRACH configuration), support the following: 
· The ROs in non-SBFD symbols that are valid for non-SBFD aware Ues are also valid for SBFD aware Ues.
· 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).

ROs in SBFD-DL symbols
In RAN1 #116 bis, it was agreed that a configured ROs in SBFD-DL symbols (i.e. SBFD symbols indicated in DL symbols by the common TDD pattern) is valid if the resources of the RO are within the usable UL PRBs of the uplink subband of the SBFD symbols and not overlapping with SSB symbols. 
In addition, we should consider the two scenarios when an SSB is preceding or processing the RO in a PRACH slot. In current specification, a configured RO is valid there if there is at least Ng symbols between the SSB and the configured ROs while an RO that precede SSB in a PRACH slot is always not valid. The first condition (Ng symbol) can be relaxed as long as UE has enough time to switch between Rx to Tx. The second condition is not needed for SBFD-capable gNB. 


Figure 2‑3 Example of valid ROs in PRACH slot with respect to SSBs.
Proposal 8:  Relax the Ng symbols between last SSB and an RO such that a configured RO in SBFD-DL symbols that is proceeding SSB symbols is considered valid if there is enough timeline to switch from Rx to Tx.
ROs across SBFD and non-SBFD symbols
In the RAN1 #116, it was agreed to further discuss whether a configured RO spanning both SBFD and non-SBFD symbols is considered a valid RO or not. 
	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.




Similar discussion happened in Rel-18 study item considering in general uplink transmission of channel/signals across SBFD and non-SBFD symbols. It was concluded following two options for UE transmission/reception can be considered in the normative stage.
	-	Option 1: UE does not transmit or receive the physical channel/signal within the slot.
-	Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
-	The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
-	Other options are not precluded



In our views, option-2 for preamble transmission across SBFD and non-SBFD symbols a complicated corner case design optimization that requires many conditions to be satisfied across SBFD and non-SBFD symbols in terms of phase coherency, same transmission/reception parameter, same beam, no guard time, etc.  In addition, it depends on gNB implementation and UE implementation whether a phase can be maintained especially for short preamble sequences given the filters switching and RF switching. Therefore, there is no clear gain or motivation to pursue such design.
Proposal 9:  A configured RO across SBFD and non-SBFD symbols is considered as invalid RO. 
SSB-RO mapping
	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




For option-1, where the SBFD-aware UE has additional SBFD-ROs in DL symbols with respect to legacy-UE (or non-SBFD aware UE) ROs in UL symbols and/or FL symbols or RO in SBFD-FL symbols, RAN1 agreed to use a separate SSB-RO mapping for the ROs in SBFD-DL symbols while using legacy mapping rule for the legacy ROs. 


Figure 2‑4: Legacy SSB-RO mapping rule in SBFD-ROs.

Proposal 10:  For Option-1, reuse the legacy SSB-RO mapping rule for mapping SSBs to the valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
· FFS: the start index of the first SSB and the subsets of SSBs.

In current specification, the association period is determined based on mapping the set of SSBs at least once to the valid ROs within a period that is given by an integer number of PRACH configuration period. Then, for the additional ROs in SBFD symbols, whether the SBFD-aware should use the same association period of legacy ROs for the additional SBFD-ROs or separate association period is determined independently. 

For PRACH option 1, using the same association period may be more appropriate as legacy-ROs and SBFD-ROs are obtained from the same PRACH configuration and have the same PRACH configuration periodicity. However, for option-2, it may be better to have a separate determination of association period and association period patterns for the SBFD-ROs as the additional PRACH configuration as may have a different PRACH configuration periodicity. 

Proposal 11:  For both option-1 and option-2 of PRACH configuration, RAN1 to study the determination of the association period and association period pattern for the SBFD-ROs. 


RACH occasion (RO) selection 
For each SSB, SBFD-aware UE will have separate SSB mapping to SBFD-ROs and legacy ROs. From latency reduction perspective, the UE can select the earliest RO to reduce the overall RA latency. When a PRACH attempt fails, the UE will increase the PRACH transmission power and should re-transmit the preamble in the earliest RO. The first and second RO could be in SBFD and non-SBFD symbols. In other words, there should be no restriction on the UE to stick to the same RO type for PRACH re-transmission. For CBRA, there are other considerations regarding on how the network should identify the SBFD-awareness of the UE based on the preamble transmission using either different preambles for SBFD-aware UEs and/or the duplex types of the selected RO. In some scenarios, SBFD-ROs may be less congested than TDD-RO. Then, for reducing the probability of RACH collision, SBFD-aware UE can select SBFD-ROs for PRACH transmission.  
Observation 8: To reduce the RA latency of the PRACH (re)-transmission of CBRA, the SBFD-aware UE selects the nearest RO in either SBFD or non-SBFD symbols.  Alternatively, the SBFD-aware UE may select SBFD-ROs to reduce the probability of RACH collision.
Proposal 12:  For CBRA, to reduce the latency for PRACH (re)-transmission for SBFD-aware UE, the UE can select the nearest RO, either the SBFD-RO or TDD-RO.
Power control
In the last RAN1 meeting, it was discussed whether to support separate PRACH power control parameters configuration for PRACH transmission in SBFD symbols and non-SBFD symbols.  This was motivated to improve PRACH reception in SBFD symbols due the presence of self-interference and inter-gNB interference (e.g. by having a higher initial preamble target power in SBFD symbols). Alternatively, in order to reduce the impact of inter-UE CLI in SBFD symbols due to PRACH transmission and power ramping, then a limit on PRACH transmission power and/or smaller power step size can be used. 
Observation 9: There are different objectives for having separate Power control parameters configuration for PRACH transmission in SBFD and non-SBFD symbols. 
· To compensate for the degradation in uplink link-quality in SBFD symbols, higher initial preamble received target power may be needed.
· To reduce the impact of inter-UE CLI, a limit on maximum transmit power or power ramping step in SBFD symbol may be necessary. 

For PRACH configuration option 2 (separate PRACH configuration), separate power control parameters can be naturally achievable. However, further discussion is needed for option-1 as extra PRACH power parameters is not possible with the current working assumption. 
Observation 10: Separate PC parameter can be naturally supported for option-2 using SBFD-dedicated PRACH configuration. 
PRACH repetition 
To improve PRACH coverage, Rel-18 introduced preamble repetition in a set of consecutive ROs (called RO-group) that have same frequency resource, associated with same SSB index with same preamble. For a PRACH transmission with  preamble repetitions, the UE use same transmission power and same spatial filter across the  valid ROs. It was agreed in an earlier RAN1 meeting to consider PRACH transmission in SBFD symbols without repetition as baseline and further discuss whether/how PRACH repetition can be achieved.
	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.




The same design methodology of PRACH repetition can be leveraged to enable PRACH repetition for SBFD random access operation. As starting point, Rel-18 PRACH repetition can be reused separately for legacy ROs and SBFD-ROs. An example is shown in Figure 2‑5 (left side). Alternatively, an RO group could span a set of legacy-ROs and SBFD-ROs as shown on right side of Figure 2‑5.


  
[bookmark: _Ref165884636]Figure 2‑5: Separate RO group for legacy-ROs and SBFD-RO (left) versus an RO group across SBFD-ROs and legacy ROs (right)
PRACH repetition across SBFD-ROs and legacy-ROs can give further advantages. It can reduce the latency of PRACH repetition as compared to PRACH repetition in only legacy-RO or SBFD-ROs. In addition, it may enable enhanced UL coverage by having larger # PRACH repetitions across legacy-ROs and SBFD-ROs. However, the UL SINR in SBFD-RO and non-SBFD ROs is different, and it may not be straightforward to predict the required number of repetitions (i.e.  RSPR thresholds for determining the PRACH repetitions). In addition, the SBFD-ROs may be associated with a different power control parameters than legacy ROs which is not aligned with Rel-18 PRACH repetition principles. 
Observation 11: PRACH repetition across SBFD-ROs and legacy-ROs can further reduce the latency of PRACH repetition and/or improve PRACH coverage. However, it requires further discussion how to handle PRACH repetition when SBFD-ROs are associated with different Power control parameters and procedure to determine the number of repetitions.
Proposal 13:  Rel-18 PRACH repetition can be reused at least to support PRACH repetition across SBFD-ROs. 
· FFS: PRACH repetition across SBFD-ROs and legacy-ROs. 
MSG2, MSG3 and MSG4 for 4-step RA
	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.



MSG2 and MSG4
Both MSG2 and MSG4 are scheduled by fallback DCI 1_0 with CRC scrambled by RA-RNTI and TC-RNTI respectively. The PDSCH frequency allocation in DCI 1_0 is based on type-1 (RIV based). The reception MSG2/4 PDSCH scheduled either in one or two DL subbands in SBFD symbols should follow the same design approach for PDSCH reception in SBFD symbols. Then, we don’t see any need or motivation to discuss any specific enhancement for MSG2/4 reception. 
Proposal 14:  The reception of MSG2/4 in SBFD symbols should follow the same design approach for PDSCH reception (Type 1 FDRA) in SBFD symbols in AI 9.3.1.
MSG3 
Msg3 Freq. hopping
Freq. hopping in a slot can be enabled for Msg3 PUSCH transmission scheduled by RAR UL grant or fallback UL grant or Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI. The freq. hopping offset for the second hop is determined based on the BWP size as specified in Table 8.3-1 (TS 38.213). 
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The frequency offsets of the second hop Msg3 and MsgA PUSCH depends on the size of the UL BWP. This will put some limitation on the indication of the frequency offsets as some of some the frequency offsets could be located outside the UL-subband. 


Figure 2‑6 Msg3/MsgA intra-slot frequency hopping
Observation 12:  The frequency offsets of the second hop Msg3/MsgA PUSCH depends on the size of the UL BWP which may impose some limit for msg3 frequency hopping in SBFD symbols.
Proposal 15: RAN1 to discuss how to enable efficient Msg3 PUSCH frequency hopping in the UL-subband of SBFD symbols.

MSG3 Power control
Similar to PRACH power control, RAN1 should first discuss the motivation and the objectives for having separate power control configurations for MSG3 PUSCH in SBFD symbols. The power control parameters for MSG3 have both open loop and closed loop power configurations.  The open loop power is given by the PRACH initial target power, preambleReceivedTargetPower plus an additional offset .  The closed loop power parameter is given by the TCP command in the RAR grant for MSG3 transmission or by DCI format 0_0 with CRC scrambled by TC_RNTI for MSG3 retransmission. To compensate for the degradation in the UL SINR in SBFD symbols, one simple enhancement is to have a separate configuration for msg3-DeltaPreamle.
Proposal 16:  RAN1 to discuss the design objectives and motivations for separate MSG3 power control parameters in SBFD and non-SBFD symbols including separate Po.
MSG3 Repetition 
Rel-17 introduced MSG3 repetition to improve the coverage of MSG3. The MCS bitfield in the RAR grant of in DCI format 0_0 scrambled with TC-RNTI provide a codepoint to determine the number of repetitions. The repetitions are based on available UL slot counting. Then, MSG3 repetition can be either considered across SBFD-only symbols (or non-SBFD symbols) or can be considered across both SBFD and non-SBFD symbols. The same design approach of PUSCH repetition in Type-A should be leveraged for MSG3 repetition. 
Proposal 17:  MSG3 repetition across SBFD and/or non-SBFD symbols should follow the same design approach for PUSCH repetition Type-A in AI 9.3.1.
Two-step Random Access SBFD operation
Similar to the discussion in the previous section on PRACH configuration for SBFD random access, the two design options can be used for the configuration of msgA PRACH and msgA-PUSCH payload. The first design approach is based on using the same MsgA configuration of the PRACH and PUSCH for both legacy and SBFD-aware UE as shown in Figure 2‑7. However, it requires careful configuration such that both SBFD-aware UE and legacy UE have the same sets of valid ROs and valid PUSCH occasions (POs). For example, the ROs and POs in both SBFD symbols configured in ‘flexible’ symbols and non-SBFD symbols. This will guarantee a backward compatible design and alleviate any inconsistency of SSB mapping to ROs and preambles mapping to valid POs. 
[image: ]
[bookmark: _Ref157789925]Figure 2‑7: Single Configuration of msgA PRACH and PUSCH across SBFD and non-SBFD symbols for both legacy and SBFD-aware UE.
On the other hand, gNB can have additional msgA PRACH and msgA PUSCH configuration(s) dedicated to SBFD-aware UEs as shown in Figure 2‑8. This will enable gNB to flexibly configure the time and frequency resources of PRACH and PUSCH in the UL subband of the SBFD symbols with separate power settings to accommodate UL link quality in SBFD symbols. 


[bookmark: _Ref157789776]Figure 2‑8: Additional msgA PRACH and PUSCH configuration for SBFD-aware UE
Proposal 18: RAN1 to discuss the following two design options for  msgA PRACH/PUSCH configurations for SBFD random access operation.
· Single msgA PRACH /PUSCH configuration for both legacy and SBFD-aware UE with ROs/POs in both UL and SBFD symbols.  
· SBFD-aware UEs are configured with additional msgA PRACH/PUSCH configuration.
Similar to the discussion on valid RACH occasions in the previous section, the rules for determining valid PUSCH occasions (POs) should be revisited for the PUSCH occasions configured in the UL subband in SBFD symbols. 
Proposal 19:  RAN1 to discuss the determination of valid PUSCH occasions (PO) in the uplink subband of SBFD symbols.
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168][bookmark: _Ref525738606][bookmark: _Ref7626308][bookmark: _Ref21100018]SBFD Random access operation for RRC-Idle/Inactive UE 
Rel-18 study on SBFD symbol concluded that enabling SBFD random access can reduce the initial access latency in NR TDD carriers. In addition, it can improve PRACH and Msg3/MsgA-PUSCH coverage, e.g. using long PRACH sequency across multiple SBFD slots [2].  On the other hand, there were concerns that the transmission of PRACH during initial access may lead to un-controlled inter-UE CLI by RRC Idle/Inactive UEs which may impact DL reception of other victim UEs.
	Random access in SBFD symbols is studied in RAN1. If random access is allowed in SBFD symbols for SBFD-aware UEs, it may potentially reduce the random-access latency, reduce the PRACH collision probability and/or improve the coverage of PRACH and Msg3. These aspects were not fully evaluated in RAN1. PRACH and Msg3 transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI. The system performance impact is not evaluated in RAN1. Specification impact is expected to allow random access in SBFD symbols at least for PRACH and Msg3 transmissions in symbols configured as DL in TDD-UL-DL-ConfigCommon.



Enabling UL transmission in legacy DL symbols will reduce the overall latency of the initial access. Considering the example below for a 4-step random access procedure with SBFD operation. The PRACH configuration is given by index 96 where PRACH slot is located in subframe 2 of every frame. Assuming 3 slot processing latency of each message and 100% successful detection/reception of each message, the overall latency based on TDD DDDDU slot format is 19 slots. This overall latency can be reduced to 17 slots for SBFD operation and assuming same PRACH subframe. However, if other PRACH configuration that allow PRACH slot in subframe #0, the overall latency can be reduced to 14 slots. 
	PRACH Configuration Index
	Preamble Format
	

	Subframe Number
	Starting Symbol
	Number for PRACH slots within subframe
	Time Domain PRACH Occasions within PRACH Slot
	PRACH duration
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SBFD Random access operation
In the RAN1 meeting #116, the following was concluded for PRACH transmission in SBFD symbols for UEs in RRC-Idle/Inactive state. 
	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.




To reduce the impact of inter-UE CLI by uplink messages, if any, one simple solution is put some limit on the maximum transmission power of PRACH/PUSCH in SBFD symbols. This will control the amount of inter-UE CLI. Another solution is to limit the random-access SBDF operation to cell centre UE. Most of the inter-UE CLI is caused by cell-edge UE. This can be achieved by introducing a threshold on the RSPR measurements of the selected SSB. Additionally, the aggressor UE could assess the amount of inter-UE CLI to other UE before random-message uplink transmission.

Proposal 20: To reduce the impact of inter-UE CLI during SBFD random access operation, if any, RAN1 to discuss the following solutions: 
· Limitation on the maximum Tx power of PRACH/PUSCH in SBFD symbols. 
· Introducing a RSRP threshold of the measured SSB RSRS.
· Mechanisms for the SBFD-aware UE to derive/measure the CLI impact in SBFD ROs before uplink transmission.  

Regarding the design of SBFD random access for RRC-idle/inactive UE, the same design of RRC-connected should be leveraged.  SBFD-aware should obtain the information of SBFD time/freq locations from SIB1. In addition, the UE should be able to determine whether gNB is adopting single PRACH configuration or additional PRACH configuration for SBFD random access procedure.  It is straightforward to determine whether SBFD random access is applicable when SBFD-capable gNB is using option-2 (SBFD-dedicated PRACH configuration) for SBFD random access based on SIB1 indication of the additional PRACH configuration. However, in the absence of that configuration, SBFD-aware UE needs to know whether to determine the legacy PRACH configuration as only legacy (no valid SBFD-ROs in SBFD symbols) or as option-1 (single PRACH) with valid ROs in SBFD symbols. 

Proposal 21: Support SBFD random access operation for RRC Idle/Inactive UEs. The design of SBFD random access operation for RRC Idle/Inactive should leverage the same RACH design of for RRC-Connected UE with the following consideration:
· SIB indication of the time/freq. locations of the SBFD
· For PRACH configuration option 2, SIB indication of the additional PRACH configuration for SBDD random access, 
· For PRACH configuration option 1, SIB indication whether the configured ROs in SBFD-symbols are valid or not. 

SBFD-aware early indication 
It is important for the gNB to know the UE SBFD-awareness capability in early stages of the random-access procedure to leverage the SBFD random access operation. This will depend heavily on the design of RACH for SBFD operation. 
For option 1 (single PRACH configuration) targeting a spec-transparent approach of SBFD random access using ROs in SBFD flexible symbols, separate sets of preambles could be used by SBFD-aware UE through preamble partitioning. On the other hand, for option-2 (Two separate PRACH configuration), then SBFD-aware UE can indicate their capability implicitly by preamble transmission in SBFD-ROs configured in DL symbols. 
Proposal 22: RAN1 to discuss SBFD-awareness indication for RRC Idle/Inactive UE by preamble partitioning and/or SBFD-dedicated ROs. 
PUCCH carrying HARQ-ACK information of Msg4/MsgB
Before the UE is provided with a dedicated PUCCH resource configuration, the UE utilizes one of the cell-specific PUCCH resource set, provided in PUCCH-Common configuration, out of the sixteen PUCCH resource sets defined in Table 9.2.1-1 (TS 38.213) for transmission of HARQ-ACK information. The UE transmits a PUCCH using frequency hopping at both edges of the UE UL-BWP where the frequency offsets of the first and second hop are determined based on the BWP size, the PUCCH resource index, the and a PRB offset from Table 9.2.1-1 (TS 38.213). 
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Figure 3‑1: PUCCH intra-slot frequency hopping
Proposal 23: RAN1 to discuss how to enable efficient PUCCH frequency hopping in SBFD symbols for RRC idle/inactive UE.
Conclusion
In this contribution, we provide our views on SBFD random access operation with following observations and proposals:
Observation 1: A UE in RRC-connected state can perform CBRA or CFRA for different random-access triggering events, e.g. BFR, handover and PDCCH-order timing re-synchronization etc, using either UE-dedicated random-access configuration or cell-specific random-access parameters.
Proposal 1: RAN1 to further discuss which triggering events to be supported for CBRA and CFRA in SBFD symbols. e.g. BFR, SR failure, handover/mobility, SI request, etc.

Observation 2: single RACH configuration would enable SBFD random access operation for both SBFD-aware UE and legacy UE without extra signalling overhead.
· It requires proper gNB configuration of the PRACH time and frequency resources to have same valid ROs and consistent SSB-to-RO mapping for both legacy and SBFD-aware UE. 

Observation 3: Additional SBFD-specific PRACH configuration will enable SBFD random access operation only for SBFD-aware UE.   It requires extra signalling overhead and limits the benefits of SBFD random access only to SBFD-aware UE. 
· This will enable separate and flexible configuration of the PRACH format, PRACH time/frequency resource, power control targeting UL link quality in SBFD symbols.

Observation 4:  The start-RBs of the ROs in SBFD-DL symbols can be with respect to the first usable PRB in the uplink subband to avoid uplink frequency resource fragmentation. 
Observation 5: For PRACH transmission in SBFD symbols with option-1 configuration, separate power transmission parameters is useful to mitigate the impact of inter-UE CLI and/or to improve gNB preamble reception.

Proposal 2:  For SBFD random access operation using option 1, support the following:
· The start-RBs of the ROs in SBFD-DL symbols can be interpreted with respect to the first usable PRB in the uplink subband.
· FFS: Separate power control parameters for PRACH transmission in SBFD symbols.

Proposal 3:  For SBFD random access operation using option 2, support the following PRACH parameters for the additional PRACH configuration: 
· Time resource configuration
· Freq. resource configuration 
· Power control parameters
· SSB-RO mapping parameters
· SSB parameters
· PRACH subcarrier spacing.

Proposal 4:  Support Alt 2-3 for PRACH configuration option 2 where the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Proposal 5: For RACH configuration Option 2, SBFD-aware UE first determine valid legacy ROs in non-SBFD symbols (UL and FL symbols) then UE determines valid ROs by the additional PRACH configuration in SBFD-symbols. 
· SBFD-RO in FL symbols that overlap with legacy-ROs are considered invalid.

Observation 6: The PRACH configuration tables for random access operation in FR1/FR2 unpaired spectrum were designed such that the time resource of the PRACH is targeting the uplink slots in the TDD pattern.
Observation 7: The current PRACH configuration tables for FR1/FR2 unpaired spectrum may not enable flexible configuration of PRACH slots in SBFD slot indicated in DL symbols by TDD-DL-UL common.
Proposal 6: Support (Alt 3) by introducing additional PRACH configurations to enable SBFD random access operation in FR1 and FR2 unpaired spectrum. 
Proposal 7:  For option 1 (Single PRACH configuration), support the following: 
· The ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· 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).

Proposal 8:  Relax the Ng symbols between last SSB and an RO such that a configured RO in SBFD-DL symbols that is proceeding SSB symbols is considered valid if there is enough timeline to switch from Rx to Tx.
Proposal 9:  A configured RO across SBFD and non-SBFD symbols is considered as invalid RO. 
Proposal 10:  For Option-1, reuse the legacy SSB-RO mapping rule for mapping SSBs to the valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
· FFS: the start index of the first SSB and the subsets of SSBs.

Proposal 11:  For both option-1 and option-2 of PRACH configuration, RAN1 to study the determination of the association period and association period pattern for the SBFD-ROs. 

Observation 8: To reduce the RA latency of the PRACH (re)-transmission of CBRA, the SBFD-aware UE selects the nearest RO in either SBFD or non-SBFD symbols.  Alternatively, the SBFD-aware UE may select SBFD-ROs to reduce the probability of RACH collision.
Proposal 12:  For CBRA, to reduce the latency for PRACH (re)-transmission for SBFD-aware UE, the UE can select the nearest RO, either the SBFD-RO or TDD-RO.
Observation 9: There are different objectives for having separate Power control parameters configuration for PRACH transmission in SBFD and non-SBFD symbols. 
· To compensate for the degradation in uplink link-quality in SBFD symbols, higher initial preamble received target power may be needed.
· To reduce the impact of inter-UE CLI, a limit on maximum transmit power or power ramping step in SBFD symbol may be necessary. 

Observation 10: Separate PC parameter can be naturally supported for option-2 using SBFD-dedicated PRACH configuration. 
Observation 11: PRACH repetition across SBFD-ROs and legacy-ROs can further reduce the latency of PRACH repetition and/or improve PRACH coverage. However, it requires further discussion how to handle PRACH repetition when SBFD-ROs are associated with different Power control parameters and procedure to determine the number of repetitions.
Proposal 13:  Rel-18 PRACH repetition can be reused at least to support PRACH repetition across SBFD-ROs. 
· FFS: PRACH repetition across SBFD-ROs and legacy-ROs. 

Proposal 14:  The reception of MSG2/4 in SBFD symbols should follow the same design approach for PDSCH reception (Type 1 FDRA) in SBFD symbols in AI 9.3.1.
Observation 12:  The frequency offsets of the second hop Msg3/MsgA PUSCH depends on the size of the UL BWP which may impose some limit for msg3 frequency hopping in SBFD symbols.
Proposal 15: RAN1 to discuss how to enable efficient Msg3 PUSCH frequency hopping in the UL-subband of SBFD symbols.
Proposal 16:  RAN1 to discuss the design objectives and motivations for separate MSG3 power control parameters in SBFD and non-SBFD symbols including separate Po.
Proposal 17:  MSG3 repetition across SBFD and/or non-SBFD symbols should follow the same design approach for PUSCH repetition Type-A in AI 9.3.1.
Proposal 18: RAN1 to discuss the following two design options for  msgA PRACH/PUSCH configurations for SBFD random access operation.
· Single msgA PRACH /PUSCH configuration for both legacy and SBFD-aware UE with ROs/POs in both UL and SBFD symbols.  
· SBFD-aware UEs are configured with additional msgA PRACH/PUSCH configuration.
 
Proposal 19:  RAN1 to discuss the determination of valid PUSCH occasions (PO) in the uplink subband of SBFD symbols.
Proposal 20: To reduce the impact of inter-UE CLI during SBFD random access operation, if any, RAN1 to discuss the following solutions: 
· Limitation on the maximum Tx power of PRACH/PUSCH in SBFD symbols. 
· Introducing a RSRP threshold of the measured SSB RSRS.
· Mechanisms for the SBFD-aware UE to derive/measure the CLI impact in SBFD ROs before uplink transmission.  

Proposal 21: Support SBFD random access operation for RRC Idle/Inactive UEs. The design of SBFD random access operation for RRC Idle/Inactive should leverage the same RACH design of for RRC-Connected UE with the following consideration:
· SIB indication of the time/freq. locations of the SBFD
· For PRACH configuration option 2, SIB indication of the additional PRACH configuration for SBDD random access, 
· For PRACH configuration option 1, SIB indication whether the configured ROs in SBFD-symbols are valid or not. 

Proposal 22: RAN1 to discuss SBFD-awareness indication for RRC Idle/Inactive UE by preamble partitioning and/or SBFD-dedicated ROs. 
Proposal 23: RAN1 to discuss how to enable efficient PUCCH frequency hopping in SBFD symbols for RRC idle/inactive UE.
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Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration

Index PUCCH format | First symbol | Number of symbols P?;ég;f;et iest ;‘:L':)'(t;l

0 0 12 2 0 {0, 3}

1 0 12 2 0 {0,4, 8}
2 0 12 2 3 {0,4, 8}
3 1 10 4 0 {0, 6}

4 1 10 4 0 {0, 3,6, 9}
5 1 10 4 2 {0, 3,6, 9}
6 1 10 4 4 {0, 3,6, 9}
7 1 4 10 0 {0, 6}

8 1 4 10 0 {0, 3,6, 9}
9 1 4 10 2 {0, 3,6, 9}
10 1 4 10 4 {0, 3,6, 9}
11 1 0 14 0 {0, 6}
12 1 0 14 0 {0, 3,6, 9}
13 1 0 14 2 {0, 3,6, 9}
14 1 0 14 4 {0, 3,6, 9}
15 1 0 14 | Ngke, /4| {0, 3,6, 9}
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