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1. Introduction
During RAN #102 meeting, a new WI on evolution of NR duplex operation was approved [1]. And in RAN1#116 meeting, reached agreements are as follows [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.
This contribution will discuss and provide views for UE random access procedures for RRC_CONNECTED and RRC_IDLE/INACTIVE mode for subband non-overlapping full duplex.  
2. Discussion
During Rel-18, a number of study items for SBFD were discussed. For RAN1 #116, an emphasis is placed on random access procedures, and we would like to offer several proposals that can yield benefits. In addition, there should be work on SBFD operations in RRC_IDLE/INACTIVE mode, and the proposals in this document allow for operation in not only the RRC_CONNECT mode but also in RRC_IDLE/INACTIVE mode.
In the Rel-18 SBFD operation study item phase, there was little time to analyze the initial access random access procedure in RRC_IDLE/INACTIVE mode on SBFD symbols. We also observe that SBFD operation for initial access (e.g., 4-step or 2-step RACH) may offer potential benefits in RRC_IDLE/INACTIVE and RRC_CONNECTED modes. 
For example, if PRACH and PUSCH for Msg3/MsgA are transmitted on the UL subband in the SBFD symbols, then the RACH capacity can be increased. Collision probability can be reduced, and the initial access latency can be reduced. Besides, the UL coverage can be improved if the PRACH and PUSCH for Msg3/MsgA repetition transmission can cross the SBFD and non-SBFD symbols. 

Proposal 1:
· Random access in RRC_IDLE/INACTIVE mode for SBFD operation can be supported.
For RRC connected mode, the RACH can be triggered due to different reasons, including: 
· Handover procedure
· Beam failure recovery 
· PDCCH order 
· DL or UL data arrival when UL synchronization status is "non-synchronized"
· SR failure or UL data arrival and no availability of SR resources
The first point to discuss is that RACH (during SBFD symbols) is supported for which of the above use cases. As described earlier, RACH in SBFD symbols can bring benefits in terms of lower latency for completing random access procedures due to a higher number of RACH occasions being available. As most of the mentioned use cases of RACH during RRC connected state are delay sensitive, we propose that RACH during SBFD symbols should be supported for each of the use cases discussed above.
Proposal 2:
· PRACH transmission in SBFD symbols during RRC_CONECTED mode should be supported at least for the following use case:
· Handover procedure
· Beam failure recovery
· PDCCH order
· UL data arrival with no availability of SR resources
· SR failure 

In RRC_CONNECTED mode, random access procedures can be contention-based random access (CBRA) or contention-free random access (CFRA). From the SBFD operation perspective, RACH procedures triggered by the above-mentioned use cases, such as BFR and PDCCH order, do not have obvious differences for CBRA and CFRS. Therefore, both CBRA and CFRA in SBFD symbols can be considered.
[bookmark: _Hlk161932065]Proposal 3: Confirm the WA reached in the last meeting. 
Both CBRA and CFRA in SBFD symbols are supported in RRC CONNECTED mode for SBFD aware UEs.

4-step RACH Procedure Enhancements for SBFD Operation
From the physical layer perspective, the Type-1 L1 random access procedure includes the transmission of random access preamble (Msg1) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution. The following aspects should be considered for Type-1 L1 random access procedure with SBFD operation.

· How to configure the RO on SBFD symbols and how to determine the validity of the RO.
· The association relationship between the SSB index and the RO in SBFD symbols.
· Power ramping for the PRACH retransmission on the SBFD symbols.
· Msg3 PUSCH frequency hopping.
· PRACH/PUSCH repetition transmission across SBFD symbols and non-SBFD symbols.
· PUCCH carrying HARQ-ACK for msg4.

2.1.1 RO configuration and valid judgment in UL subband of SBFD symbols

There are two methods for RO configuration on SBFD symbols.
Alt1: Common RACH configuration for SBFD slot and non-SBFD slot for a cell, and additional configurations are added for RO or PRACH transmission determination on SBFD symbols, such as starting PRB of the lowest RO and the FDM RO number.  Firstly, gNB broadcasts the UL/DL subband and RACH configurations, e.g., via SIB1. The SBFD-aware UE will know the time and frequency locations of the UL/DL subband and the RO within the initial UL/DL BWPs, and then UE can transmit the PRACH if needed. 
For example, for the SBFD symbols, a new set of parameters for UE to determine the RO and transmit PRACH can be additionally configured. Then, UE can determine different frequency positions and power(maybe) in SBFD symbols. Below, new parameters can be added in the RACH-ConfigGeneric IE for SBFD symbols in TS 38.331.
· msg1-FDM-SBFD (The number of PRACH transmission occasions Frequency Division Modulated in one time instance) The configured value may be smaller than the value configured in non-SBFD symbols.
· msg1-FrequencyStart-SBFD
Besides, for SBFD symbols, the definition of msg1-FrequencyStart is changed relative to the starting of the UL subband so that the RO cannot fall into the DL subband or guardband BW.
Alt 2: Separate RACH configuration for SBFD symbols and non-SBFD symbols. A new RACH configuration can be configured for a cell through SIB so that the UE can transmit PRACH on SBFD symbols through RACH-ConfigGenericSBFD IE. The below parameters can be included in the RACH-ConfigGenericSBFD IE. If UE transmits PRACH on the SBFD symbols, then UE follows the RACH configuration in RACH-ConfigGenericSBFD. If UE transmits PRACH on non-SBFD symbols, then UE transmits the PRACH according to the RACH-ConfigGeneric configuration. More configuration flexibility can be reached through this option.
This matter also comes done to a specific definition of having two separate configuration for RACH. The definition of SBFD symbol configuration should at least include PRACH format or RACHConfigGeneric for SBFD symbols in order to allow for reduced RA latency
[bookmark: _Hlk161932092]Proposal 4: 
· Support separate RO configuration for SBFD symbols with at least support for new PRACH format or RACHConfigGeneric for SBFD symbols

2.1.2 Valid RO determination on UL subband in SBFD symbols
Currently, the time-frequency resources used for RACH are configured by SIB1. The legacy RACH procedure determines valid RO based on semi-static TDD pattern configuration. RO overlapping with a semi-static DL symbol would be regarded as invalid RO.
If a UE is provided tdd-UL-DL-ConfigurationCommon for unpaired spectrum, a PRACH occasion in a PRACH slot is valid if it is within UL symbols or UL subband on SBFD symbols. Besides, suppose common PRACH is given for SBFD symbols and non-SBFD symbols. In that case, if a PRACH occasion overlaps with the DL subband/guardband, it can be considered invalid, and UE would not transmit PRACH overlapped with the DL subband/guardband. Or if the PRACH frequency position of the RO exceeds the UL subband BW edge on the SBFD symbols, then these ROs are invalid. Besides, the existing requirement is also applied to these valid ROs, such as the symbols number interval with the SSB symbols.
[bookmark: _Hlk161932105]Proposal 5:
· The ROs on SBFD symbols can be considered valid if they are within the UL subband on SBFD symbols.

2.1.3 The RO mapping relationship with SSB for RO in SBFD symbols

For the Type-1 random access procedure, a UE is provided with a number  of SS/PBCH block indexes associated with one PRACH occasion and a number  Of contention-based preambles per SS/PBCH block index per valid PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB. For RO configured on the SBFD symbols, how to associate with the SS/PBCH block indexes should be specified. There are two options for this problem.
Option 1: The RO is unified numbered for SBFD slot/symbol and non-SBFD slot/symbol, and one N(ssb-perRACH-Occasion) is configured for UE. One unified mapping relationship is defined for the SBFD slot/symbol and the non-SBFD slot/symbol.
The SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or ServingCellConfigCommon are mapped to valid PRACH occasions in SBFD symbols and non-SBFD symbols in the following order.
-  First, in increasing order of preamble indexes within a single PRACH occasion
- Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
- Third, in increasing order of time resource indexes for time-multiplexed PRACH occasions within a PRACH slot in the SBFD slot
- Fourth, in increasing order of indexes for non-SBFD slots
For example, in the below figure, msg1-FDM=2, that is, one PRACH time includes two RO in the frequency domain and N=2, that is, one SS/PBCH block index associated with two PRACH occasions, such that SSB#1 associate with RO #1 and RO#2 and SSB#2 associates with RO #3 and RO#4, and so on.
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Figure 1
Option 2: The RO index is numbered separately for SBFD and non-SBFD symbols. The mapping relationship with the SS/PBCH block is separately done for SBFD symbols and non-SBFD symbols. The number N of SS/PBCH block indexes associated with one PRACH occasion and the number R of contention-based preambles per SS/PBCH block index per valid PRACH occasion can be separately configured by ssb-perRACH-OccasionAndCB-PreamblesPerSSB and SBFD-ssb-perRACH-OccasionAndCB-PreamblesPerSSB. That is one SSB index associated with the ROs in SBFD and non-SBFD symbols. SBFD-ssb-perRACH-OccasionAndCB-PreamblesPerSSB is a newly defined parameter for SBFD-aware UE.
Such as, in Figure 2, for non-SBFD symbols, N=1, that is, each SSB mapped to one RO in non-SBFD symbols, and for SBFD symbols, N-SBFD=2, that is, each SSB mapped to two RO in SBFD symbols, one SSB is mapped to two RO in SBFD symbols. For example, SSB#1 can associate RO#1 and RO#2 in SBFD symbols and can also associate RO#1 in non-SBFD symbols. Then, the RO number can be extended.
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Figure 2

[bookmark: _Hlk161932142]Proposal 6:
· The relationship for RO in SBFD symbols and SS/PBCH block should be separately defined.
2.1.4 Msg3 PUSCH enhancement
The intra-slot frequency hopping for Msg3 PUSCH enabled or disabled for SBFD slots can be separately configured by RRC or indicated in the RAR UL grant. The value of hopping bits in RAR/RRC to indicate which frequency offset to use for the second hop for SBFD symbols can be separately configured/indicated.
One new parameter for the second hop on the SBFD slot can be defined for UE, and if this parameter is configured, then the intra-slot frequency hopping for Msg3 PUSCH is enabled, and it gives the frequency offset size indication for the second hop.
To avoid the frequency hopping resource overlapping with the DL subband, then the frequency offset for the second hop indication in the RAR UL grant or for an Msg3 PUSCH retransmission can be based on the UL subband size, not the BWP size. For a PUSCH transmission with frequency hopping scheduled by RAR UL grant or for a Msg3 PUSCH retransmission on the SBFD slot, the frequency offset for the second hop is given in the below Table for TS 38.213 section 8.3, and the value N is predefined.
	Number of PRBs in UL subband
	Value of  Hopping Bits
	Frequency offset for 2nd hop.

	
	0
	

	
	1
	

	
	00
	

	
	01
	

	
	10
	

	
	11
	Reserved



Furthermore, for Msg3 PUSCH repetition transmission, UE can transmit the repetition of Msg3 PUSCH across the SBFD and non-SBFD slots. And for the symbols of the Msg3 PUSCH repetition transmission, the configured UL subband on the SBFD symbols can be determined as the available resource if the allocated FDRA in RAR is within the UL subband BW; otherwise, UE defers the Msg3 PUSCH repetition transmission.
[bookmark: _Hlk161932150]Proposal 7:
For Msg3 PUSCH enhancements, the following aspects can be considered.
· PUSCH frequency hopping offset can be based on the UL subband size.
· PUSCH repetition transmission across SBFD symbols and non-SBFD symbols
2.1.5 Power control for PRACH on SBFD symbols
Power ramping for PRACH/preamble retransmission should consider inter/intra subband CLI and power ramping should be controlled for PRACH transmission on SBFD symbols for SBFD-aware UE. The power ramping for PRACH on SBFD symbols can be changed to one of the following:
Alt1: the same counter value of powerRampingStep is used for PRACH transmission on SBFD symbols and non-SBFD symbols.
Each beam has a separate power ramping counter. If the beam is not changed on SBFD symbols, then the power ramping counter for the PRACH/preamble retransmission will be reset, and if the beam is changed, then the counter is kept for the PRACH retransmission on SBFD symbols. 
Or, for the first two PRACH transmissions after beam change, the power ramping counter is not changed if the transmission is on SBFD symbols, and from the third retransmission on the SBFD symbols, the power ramping counter is counted.
Or, if the beam is not changed, the power ramping counter for the PRACH retransmission on the SBFD symbols will be reset. If the retransmission number reaches 2 or 3 times, then UE will do power ramping for the PRACH transmission. Otherwise, UE will keep the power for PRACH retransmission on the SBFD symbols.
Alt2: powerRampingStep is configured separately and uses different counters for PRACH transmission on SBFD and non-SBFD symbols.
Alt3: powerRampingStep is always equal to dB0 for the PRACH retransmission on the SBFD symbols. UE does not perform power ramping for PRACH retransmission on SBFD symbols.
[bookmark: _Hlk161932157]Proposal 8:
· Power control for PRACH enhancements on SBFD symbols should be considered.
2.1.6 Handling PRACH symbol overlap with SSB
In NR specification, a PRACH symbol is considered valid if it does not precede an SSB occasion and starts at least Ngap symbols after the last SSB occasion. At the same time, in the study phase of SBFD, there was a discussion about whether UE is allowed to transmit UL in the SBFD symbols overlapping with SSB or not. So, this raises the question of whether UE can consider RACH occasions (in SBFD symbols) overlapping with SSB as valid or invalid. 
In the case of non-RACH-based uplink transmissions, the main argument provided by the proponents was that UE should be allowed to perform UL transmissions when it is not trying to receive SSB transmissions from the network. This argument is strengthened by the fact that UE may only perform SSB reception sparsely when connected to the cell. However, in the case of RACH transmission, UE is expected to receive SSBs to determine the RACH resources. Hence, performing RACH transmission when they overlap with SSB occasions can result in UE complications. Further, inter-subband interference arising from SBFD operation can result in lower performance of receiving RACH by the network (due to CLI from the SSB transmission) and SSB reception by the UE (due to CLI from RACH transmission from a nearby UE). As RACH and SSB detection performance is essential for the determination of network coverage, we propose that any RACH transmission overlapping with SSB should be considered invalid.

[bookmark: _Hlk161932165]Proposal 9:
· RACH occasions in SBFD symbols which overlap partially/fully with SSB symbols should be considered invalid.
2.1.7 PUCCH carrying HARQ-ACK for msg4
PUCCH carrying HARQ-ACK for Msg. 4, PUCCH resource of one hop may collide with the DL subband or guardband or not be contained within the UL subband if the existing PRB index determination maintains; therefore, some enhancement schemes as redcap UE can be considered. For example, An RB offset relative to the PRB offset of the PUCCH frequency position in Table 9.2.1-1 can be configured by RRC or indicated in in msg4 or msgB. If the PUCCH resource is out of the UL subband boundary in the SBFD symbols, then this RB offset is applied or indicated to UE to determine the PUCCH frequency position in the SBFD symbols. Or a new parameter can be added and configured in PUCCH-ConfigCommon, UE transmits PUCCH for msg4/msgB HARQ-ACK on the two UL subband edges, such as from lower edge to upper edge of the UL subband or from upper edge to lower edge of the UL subband, and it is used for indication which hopping pattern is configured. Or separate PUCCH resource set configuration for SBFD symbols and non-SBFD symbols for Msg 4 or Msg B HARQ-ACK.
[bookmark: _Hlk161932178]Proposal 10:
· PUCCH carrying HARQ-ACK for Msg. 4 should be within the UL subband of SBFD symbols.

2-step RACH Procedure Enhancements for SBFD Operation
For SBFD aware UEs in the RRC_CONNECTED state, Type-1 random access procedure (4-step RACH) in SBFD symbols has been supported, and whether Type-2 random access procedure (2-step RACH) can also be supported is FFs. Considering most solutions of 4-step RACH can be applied to 2-step RACH, e.g., RO configuration, additional work on 2-step RA can be considered if time allows.
[bookmark: _Hlk161932191]Proposal 11:
· Both 4-step RACH and 2-step RACH can be supported on SBFD symbols.
From the physical layer perspective, the Type-2 L1 random access procedure includes the transmission of random-access preamble in a PRACH and of a PUSCH (MsgA) and the reception of a RAR message with a PDCCH/PDSCH (MsgB), and when applicable, the transmission of a PUSCH scheduled by a fallback RAR UL grant, and PDSCH for contention resolution. The following aspects should be considered for Type-1 L1 random access procedure with SBFD operation.

· How to configure the PO and determine its validity.
· The association relationship between PRACH and the PUSCH occasion associated with a DMRS resource in SBFD symbols should be defined.
· Power ramping for the PRACH and the PUSCH may produce inter-subband CLI on SBFD symbols.

For PO configuration in SBFD symbols as the RO configuration, additional configurations can be added for POs determination or MsgA PUSCHs transmission on SBFD symbols in existing MsgA-PUSCH-Config or MsgA-PUSCH-Resource IE. UE can determine PO numbers, frequency positions, symbol positions, MCS, mapping types, or DMRS configurations in SBFD symbols. Some offset values relative to the non-SBFD symbols can be predefined, configured, or indicated for UE PUSCH transmission on the SBFD symbols, such as the frequency position or MCS determination for the PUSCH transmission on SBFD symbols.
Currently, the time-frequency resources used for PUSCH are configured by SIB1. In legacy, valid PO is determined based on semi-static TDD pattern configuration. PO overlapping with a semi-static DL symbol would be regarded as an invalid PO. For SBFD operation, the PO is valid if the PO is within the UL subband in the SBFD symbols and the PO is not overlapped with a preamble of valid PRACH occasions in the SBFD symbols.

In the existing spec, the preamble mapping relationship with PRU between one or multiple PRACH preambles and a PUSCH occasion associated with a DMRS resource is per PUSCH configuration provided by msgA-PUSCH-Resource-r16. Suppose MsgA PUSCH configuration is common for SBFD symbols and non-SBFD symbols. Both the RO and the PO indices are numbered together for SBFD symbols and non-SBFD symbols in increasing order of slot indexes. The RARCH mapping to PRU uses the existing procedure for SBFD symbols and non-SBFD. Suppose two preamble groups and two PUSCH resource configurations are always configured for SBFD-aware UE. The predefined mapping relationship for PRACH and the PUSCH can be changed to the preamble group A associated with the PUSCH resource on the SBFD symbols and preamble group B associated with the PUSCH resource on the non-SBFD symbols. The mapping is separately performed for each group, as illustrated in Figure 3. For each group, the preambles are mapped to the PRU in increasing order of time resource indexes t_id for time-multiplexed PUSCH occasions within a PUSCH slot on the SBFD or non-SBFD symbols.
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Figure 3
Besides, for SBFD-aware UE, powerRampingStep can be separately configured, and different counters can be used for MsgA (re)transmission on SBFD and non-SBFD symbols.
[bookmark: _Hlk161932215]Proposal 12:
· The following aspects should be considered for 2-step RACH enhancements on SBFD symbols:
· PO configuration and valid determination in the UL subband of SBFD symbols
· The RO mapping relationship with PRU in SBFD symbols 
· Power control for PUSCH for MsgA

2.3 Random access in IDLE/INACTIVE mode and SDT transmission 
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following benefits. 
· 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.
[bookmark: _Hlk161932238]Proposal 13:
· Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
In Release R17, CG-based SDT and RACH-based PUSCH transmission was introduced. A UE indicated to release a dedicated RRC connection can be provided with one or more configurations by one or more ConfiguredGrantConfigs for configured grant Type 1 PUSCH transmissions on the initial UL BWP. For the remaining clause, PUSCH transmissions refer to configured grant Type-1 PUSCH transmissions for a configuration provided by ConfiguredGrantConfig. One ConfiguredGrantConfig corresponds to one SSB mapping relationship. Besides, sdt-SSB-Subset can provide a UE with a number of SS/PBCH block indexes N_PUSCH^(SS/PBCH) to map to several valid PUSCH occasions for PUSCH transmissions over an association period. If the UE is not provided sdt-SSB-Subset, the UE determines N_PUSCH^(SS/PBCH) from the value of ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon. A PUSCH occasion for a PUSCH transmission is defined by a time resource and a frequency resource. It is associated with a DM-RS provided by cg-DMRS-Configuration for the configuration of PUSCH transmissions. A UE is provided several SS/PBCH block indexes associated with a PUSCH occasion and a DM-RS resource by sdt-SSB-PerCG-PUSCH. PUSCH occasions and associated DMRS resources not associated with SS/PBCH block indexes after an integer number of association periods, if any, are not used for PUSCH transmissions.
For an RRC_INACTIVE UE, using SBFD symbols to transmit SDT can provide more UL resources to increase the SDT PUSCH transmission reliability and reduce the SDT latency. The aspects below should be considered for CG-based SDT PUSCH transmission on SBFD symbols.
· How to configure or determine the SDT CG PUSCH resource on SBFD symbols
· How do you determine the validity of the PO on SBFD symbols?
· The association relationship between the SSB index and the SDT CG PUSCH occasion in SBFD symbols should be defined.
· CG PUSCH retransmission on SBFD symbols.
For RACH-based SDT PUSCH transmission, some enhancement can also considered on SBFD symbols. For example, a dedicated CSS set can be configured for UE to monitor the PDCCH on SBFD symbols.

[bookmark: _Hlk161932260]Proposal 14:
· The aspects below should be considered for SDT enhancements on SBFD symbols:
· PUSCH allocation/configuration in the UL subband of SBFD symbols
· Valid PO determination on SBFD symbols
· The PO mapping relationship with SSB for PO in SBFD symbols 

3. Conclusion 
In this contribution, we discussed SBFD for NR duplex operation. Observations and Proposals are summarized as follows: 
Proposal 1:
· Random access in RRC_IDLE/INACTIVE mode for SBFD operation can be supported.
Proposal 2:
· PRACH transmission in SBFD symbols during RRC_CONECTED mode should be supported at least for the following use cases:
· Handover procedure
· Beam failure recovery
· PDCCH order
· UL data arrival with no availability of SR resources
· SR failure 
Proposal 3: Confirm the WA reached in the last meeting. 
· Both CBRA and CFRA in SBFD symbols are supported in RRC CONNECTED mode for SBFD aware UEs.
Proposal 4: 
· Support separate RO configuration for SBFD symbols with at least support for new PRACH format or RACHConfigGeneric for SBFD symbols
Proposal 5:
· The ROs on SBFD symbols can be considered valid if they are within the UL subband on SBFD symbols.
Proposal 6:
· The relationship for RO in SBFD symbols and SS/PBCH block should be separately defined.
Proposal 7:
For Msg3 PUSCH enhancements, the following aspects can be considered.
· PUSCH frequency hopping offset can be based on the UL subband size.
· PUSCH repetition transmission across SBFD symbols and non-SBFD symbols
Proposal 8:
· Power control for PRACH enhancements on SBFD symbols should be considered.
Proposal 9:
· RACH occasions in SBFD symbols which overlap partially/fully with SSB symbols should be considered invalid.
Proposal 10:
· PUCCH carrying HARQ-ACK for Msg. 4 should be within the UL subband of SBFD symbols.
Proposal 11:
· Both 4-step RACH and 2-step RACH can be supported on SBFD symbols.
Proposal 12:
· The following aspects should be considered for 2-step RACH enhancements on SBFD symbols:
· PO configuration and valid determination in the UL subband of SBFD symbols
· The RO mapping relationship with PRU in SBFD symbols 
· Power control for PUSCH for MsgA
Proposal 13:
· Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
Proposal 14:
· The aspects below should be considered for SDT enhancements on SBFD symbols:
· PUSCH allocation/configuration in the UL subband of SBFD symbols
· Valid PO determination on SBFD symbols
· The PO mapping relationship with SSB for PO in SBFD symbols 
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