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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#116bis meeting, reached agreements are as follows [2].  
Agreement
Confirm the working assumption:
Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, consider the following alternatives to derive the time and frequency resources of the configured ROs in SBFD symbols. 
· Alt 1-1: only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). 
· FFS the details
· FFS: Alt 1-2: based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon) and newly introduced parameter(s). 

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, no separate prach-ConfigurationIndex to be configured in this option.

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, use existing random access configurations tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2 in TS38.211).

Working Assumption
For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
· For Option 1 with Alt 1-1, FFS whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, RO validation rules and SSB-RO mapping rules, etc.
· For Option 2, FFS the RO validation rules, SSB-RO mapping rules, whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, etc.
UE is not required to support both options.

Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, down-select (in RAN1#117) from the following alternatives:
· Alt 2-3: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
· FFS: The case where the additional-ROs partially overlap with non-SBFD symbols 
· Alt 2-4: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs.
For the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs.

Agreement
For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration),
· For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used

Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration,
· For FR2, consider from the following alternatives:
· Alt 1: use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the slot number for ROs in SBFD symbols.
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211)
· For FR1, consider from the following alternatives:
· Alt 1: Use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the subframe number for ROs in SBFD symbols.
· Alt 2: Use existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211)
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211)

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, 
· no enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any). 
· FFS: the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· FFS: It’s up to network configuration to ensure the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, which are valid for non-SBFD aware UEs based on legacy RO validation rule, are also valid for SBFD aware UEs (i.e., the configured ROs in SBFD symbols, if configured as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs)
· the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB
· FFS: Other condition.
Note: For the case that all the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, there is no restriction that all the configured ROs in SBFD symbols should be within the UL usable PRBs.

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.

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 1:
· 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 


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. 
The RAN1 #116bis meeting discussed two alternatives to derive the time and frequency resources of the configured ROs in SBFD symbols. 
-	Alt 1-1: only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). 
-	FFS: Alt 1-2: based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon) and newly introduced parameter(s). 
· For Alt 1-1, the definition or interpretation of the existing parameters can be changed.such as, for SBFD symbols, the definition of msg1-FrequencyStart can be changed to relative to the starting of the UL subband so that the RO cannot fall into the DL subband or guardband BW.
There were some concerns raised about Alt-1-1 in RAN1#116bis about how a UE determines whether the PRACH configuration provided by gNB corresponds to Alt-1-1 (i.e. ROs in SBFD symbols are valid) or whether gNB intends to use the legacy behaviour (i.e. ROs in SBFD symbols are not valid). The confusion is mainly arising as PRACH configuration for both cases can be same, thus UE has no means to differentiate between the two cases. 
From our understanding this confusion can be resolved by one of the following two methods:
· Option-1: Define a new parameter in PRACH configuration for Alt-1-1 which indicates to the UE whether ROs in SBFD symbols are considered valid.
· Option-2: UE always assumes that ROs configured by legacy RACH configuration are valid during SBFD symbols if UL subband configuration is provided to the UE and UE is not configured with additional RACH configuration for SBFD symbols based on Alt-2
Proposal 3: 
· Consider following two approaches by which a UE determines whether ROs configured by legacy RACH configuration are valid during SBFD symbols.
· Option-1: Define a parameter in PRACH configuration for Alt-1 which indicates to the UE whether ROs in SBFD symbols are considered valid.
· Option-2: UE always assumes that ROs configured by legacy RACH configuration are valid during SBFD symbols if UL subband configuration is provided to the UE and UE is not configured with additional RACH configuration for SBFD symbols based on Alt-2.

Alt 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration. That is for SBFD aware UE, separate RACH configuration for SBFD symbols and non-SBFD symbols. If UE transmits PRACH on the SBFD symbols, then UE follows the RACH configuration in additional RACH configuration. If UE transmits PRACH on non-SBFD symbols, then UE transmits the PRACH according to the legacy RACH-ConfigCommon configuration. More configuration flexibility can be reached through this option.
The following two alternatives were given for down-selection in the next meeting.
· [bookmark: _Hlk161932092]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.

We think the additional-ROs in non-SBFD symbols configured by additional RACH configuration should be invalid for SBFD-aware UEs as the legacy RACH configuration. 
[bookmark: _Hlk165892961]Proposal 4: 
· For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), support Alt 2-3.
Regardless of whether we adopt Alt-2-3 or Alt 2-4, there is always a risk of ROs configured by additional RACH configuration may (partially) overlap in time domain with ROs configured by legacy RACH configuration. For example, consider the overlap scenarios:
· For Alt-2-3, the ROs configured by additional configuration may overlap in time domain with ROs configured by legacy RACH configuration during Flexible symbols (note that legacy RACH configuration can configure ROs during Flexible SBFD symbols as discussed during RAN1#116bis meeting).
· For Alt-2-4, the ROs configured by additional configuration may overlap in time domain with ROs configured by legacy RACH configuration during Flexible or UL symbols.
In above overlapping cases, if the RO configured by additional RACH configuration is mapped to different set of SSBs as compared to RO configured by legacy RACH configuration, then the gNB might not be able to simultaneously receive both ROs (as gNB may use different Rx beams to receive the corresponding ROs). Hence, there is a need to define validity rules for such overlap scenarios. One simple mechanism to address this case is that if an RO configured by additional RACH configuration overlaps in time domain with an RO of legacy RACH configuration, then the RO configured by additional RACH configuration is considered invalid.
Proposal 5: 
· For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), an RO configured by additional RACH configuration is considered invalid if it overlaps in time domain with a valid RO configured by legacy RACH configuration.

2.1.2 RO selection
Initiate RA in SBFD symbols or non-SBFD symbols; the access success probability may be different for SBFD aware UE. PRACH transmission on SBFD symbols will produce inter-UE CLI. Furthermore, no matter the RO/preamble mapping relationship with SSB is separately done or uniformly defined for SBFD symbols and non-SBFD symbols, one SSB may associate with two RO/preamble separately on SBFD symbols and non-SBFD symbols, and UE needs to choose one RO to initiate RA; therefore, some rule should be defined or some indication is needed for UE to determine which RO to choose to perform random access.  
For SBFD aware UE in the connected state, if a random access procedure is initiated by a PDCCH order, and if RACH-ConfigCommon are separately configured for SBFD symbols and non-SBFD symbols, and the RO are non-uniformly and separately numbered for SBFD symbols and non-SBFD symbols, and the relationship between SSB and RO is separately defined for SBFD symbols and non-SBFD symbols. In this case, two RO indexes are combined with the same SSB index; one is on SBFD symbols, and the other is on non-SBFD symbols. One bit can be added in DCI format 1_0 to indicate SBFD aware UE, which RO used for this preamble transmitted, on SBFD symbols or non-SBFD symbols. Or the same method as SUL can be considered. For example, based on the measured RSRP value of the downlink path loss reference and one RSRP threshold, UE determines RO for preamble transmission on SBFD symbols or non-SBFD symbols. If the measured RSRP value of the UL subband for SBFD symbols is equal to or larger than the configured RSRP threshold, UE initiates the RA procedure on the SBFD symbols; otherwise, if the measured RSRP value of the UL subband for SBFD symbols is smaller than the configured threshold, UE initiates RA procedure on the non-SBFD symbols. Other rules can be considered for SBFD aware UE to determine which RO is used for preamble transmission or initiate the random access on SBFD symbols or on non-SBFD symbols.
[bookmark: _Hlk161932105]Proposal 6:
·  If one SSB is associated with two RO/preamble separately on SBFD symbols and non-SBFD symbols, some rule should be defined, or some indication is needed for SBFD aware UE to determine which RO to choose to perform random access. 
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 7:
· 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 8:
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 9:
· Power control for PRACH enhancements on SBFD symbols should be considered.
2.1.6 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 the UL subband in SBFD symbols may cause UE-to-UE CLI (similar to the case of RRC-connected mode UEs) for some deployment scenarios. In initial studies based on the 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 the 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 

2.4 Cross slot SBFD RACH
The current PRACH configuration needs to support cross-slot RA for SBFD. A major benefit of SBFD is the enhanced coverage provided by the additional UL slots that SBFD offers. The additional CLI can make it more difficult to engage in RO during SBFD slots. As such, allowing SBFD ROs to start in non-SBFD slots and continue into SBFD slots can be beneficial to the system's overall performance. These ROs will be relatively interference-free, giving them a greater chance of success. 

[bookmark: _Hlk165893050]Proposal 15: 
· Support PRACH occasions where a single PRACH occasion spans both SBFD and non-SBFD symbols

With the support of PRACH across SBFD slots, dedicated signalling may be required to let UEs know whether they are allowed to transmit within SBFD slots. When a large amount of PRACH needs to be rescheduled within SBFD slots, indications should also include whether the UE is not allowed to cross-slot PRACH and what the UE's behaviour is after the SBFD slot. This indication should include whether the UE will drop the PRACH completely or whether the PRACH will be continued after the SBFD slot. 
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Figure 4
[bookmark: _Hlk165893114]Proposal 16:
·  Indications need to be made to UE as to whether its PRACH will transition between non-SBFD and SBFD symbols.
Proposal 17:
·  If PRACH cannot cross-slot into SBFD slots, indications to the UE will need to include whether UE is to drop the PRACH after SBFD slots or continue with the PRACH after the SBFD slot. 
When considering PRACH in cross-slot or normal within-slot configurations. The timer value can run out during PRACH if the UE receives no return signal from the gNB. When this happens, the UE should try PRACH again during dedicated UL slots instead of continued access during SBFD slots. The more chaotic nature of SBFD transmissions will mean it has less favorable channel characteristics for transmission, so it would be better for the UE to simply wait until more favorable transmission channels to re-attempt the PRACH process.

2.5 Timer adjustments for SBFD slots
When considering PRACH in cross-slot or normal within-slot configurations. The timer value can run out during PRACH if the UE receives no return signal from the gNB. When this happens, the UE should try PRACH again during dedicated UL slots instead of continued access during SBFD slots. The more chaotic nature of SBFD transmissions will mean it has less favorable channel characteristics for transmission, so it would be better for the UE to simply wait until more favorable transmission channels to re-attempt the PRACH process.

[bookmark: _Hlk165893120]Proposal 18:
·  For failed PRACH attempts in SBFD slots, the UE will wait for dedicated UL slots to re-attempt PRACH. 


3. Conclusion 
In this contribution, we discussed SBFD for NR duplex operation. Observations and Proposals are summarized as follows: 
Proposal 1:
· 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 

Proposal 2: 
· For alt 1-1 (only based on the existing parameters of the single RACH configuration) , the definition or interpretation of the existing parameters for RACH configuration can be changed.

Proposal 3: 
· Consider following two approaches by which a UE determines whether ROs configured by legacy RACH configuration are valid during SBFD symbols.
· Option-1: Define a parameter in PRACH configuration for Alt-1-1 which indicates to the UE whether ROs in SBFD symbols are considered valid.
· Option-2: UE always assumes that ROs configured by legacy RACH configuration are valid during SBFD symbols if UL subband configuration is provided to the UE and UE is not configured with additional RACH configuration for SBFD symbols based on Alt-2.
Proposal 4: 
· For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), support Alt 2-3.
Proposal 5: 
· For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), an RO configured by additional RACH configuration is considered invalid if it overlaps in time domain with a valid RO configured by legacy RACH configuration.
Proposal 6:
 If one SSB is associated with two RO/preamble separately on SBFD symbols and non-SBFD symbols, some rule should be defined, or some indication is needed for SBFD aware UE to determine which RO to choose to perform random access.
Proposal 7:
· The relationship for RO in SBFD symbols and SS/PBCH block should be separately defined.
Proposal 8:
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 9:
· Power control for PRACH enhancements on SBFD symbols should be considered.
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 
Proposal 15: 
· Support PRACH occasions where a single PRACH occasion spans both SBFD and non-SBFD symbols
Proposal 16:
·  Indications need to be made to UE as to whether its PRACH will transition between non-SBFD and SBFD symbols.
Proposal 17:
·  If PRACH cannot cross-slot into SBFD slots, indications to the UE will need to include whether UE is to drop the PRACH after SBFD slots or continue with the PRACH after the SBFD slot. 
Proposal 18:
·  For failed PRACH attempts in SBFD slots, the UE will wait for dedicated UL slots to re-attempt PRACH. 
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