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Introduction
Subband non-overlapping full duplex (SBFD) was included as one of Rel-19 WIs to be studied and specified in the Evolution of NR duplex operation approved in RAN #102 [1]:
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work

In this contribution, the followings are discussed for SBFD random access operation.
· SBFD random access operation for UE in RRC_CONNECTED mode
· SBFD random access operation for UE in RRC_IDLE/INACTIVE mode
· Performance Evaluation Result

SBFD random access operation for UE in RRC_CONNECTED mode
Comparing with semi-static TDD HD, SBFD would reduce UL latency for SBFD-aware UE to allow transmitting in SBFD UL subband on consecutive SBFD slots on top of UL slots. With enhanced configuration flexibility providing more UL opportunities, SBFD could contribute to improve system capacity as well. 

	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.



With the agreement made in RAN1 #116, SBFD-aware UE could utilize SBFD UL subband by enabling at least single PRACH transmission to reduce PRACH collision probability and random access latency.

2.1 RACH framework 
3GPP has specified random access operation relevant features to be fit in different type of circumstances. The 4-step RACH was introduced as part of the first NR release, 3GPP Rel.15 while 2-step RACH was adopted in Rel.16 to simplify the random access procedure by combining step 1/3 into a single step A and step 2/4 into a single step B that benefits by reducing the latency of the RACH procedure. In SBFD operation using the UL subband on consecutive SBFD symbols, both 4-step RACH and 2-step RACH could secure more opportunities for PRACH transmission which has the advantage of reducing random access latency and decreasing the RACH collision probability. It continues on the journey to develop and maintain RACH for RedCap in Rel.17 and PRACH repetition in Rel.18, respectively. Even with PRACH repetition in 4-step RACH increasing PRACH coverage, semi-static TDD HD rarely configures UL slots which could lead PRACHs in a set of ROs to be transmitted over a long period. Enabling PRACH transmission on SBFD UL subband in the SBFD symbols can not only enhance coverage but also reduce random access latency.

	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)



It was agreed to support Type-1 random access procedure (4-step RACH) in SBFD symbols for SBFD aware UEs in RRC_CONNECTED mode while Type-2 random access procedure is FFS in RAN1 #116. In Rel.19, enabling those existing random access operation in SBFD UL subband could leverage to facilitate SBFD-aware UE to select ROs suitably configured during SBFD operation.  

Proposal 1: RAN1 to allow 2-step RACH to be supported in SBFD symbols for SBFD aware UEs to fit into the latency limited conditions. 
Proposal 2: RAN1 to allow PRACH repetition to be supported in SBFD random access operation for SBFD aware UEs under coverage limited conditions. 

2.2 RACH configuration
2.2.1 RACH configuration options
With the working assumption on RACH configuration options and relevant agreements as below, further discussion and decision need to be made.
	Working Assumption in RAN1 #116bis
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 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.



· The first approach (Option 1-1) is a one single RACH configuration with possible enhancement by reinterpreting only based on the existing parameters, e.g. msg1-FrequencyStart or PRACH power control relevant parameters for SBFD aware UE.  The ROs in SBFD symbols indicated as DL for legacy UE are considered invalid while those are determined as valid for SBFD aware UE as in Figure 1.  
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Figure 1 

Since one single PRACH configuration provides frequency information ROs based on only existing parameter (e.g. msg1-FrequencyStart), configured ROs in SBFD symbol indicated as flexible by tdd-UL-DL-ConfigurationCommon (if any) could be overlapped with resources outside of UL subband in SBFD slots which requires the collision handling by gNB scheduling between PRACH transmission from legacy RO and DL transmission on DL subband to SBFD-aware UE. We continue to discuss the details in 2.3.1. (RO validation rule)

· The second approach (Option 2) is to use two separate RACH configurations using multiple PRACH configurations (e.g. one legacy RACH configuration for legacy ROs and one additional RACH configuration for SBFD dedicated ROs (or additional ROs)). The additional RACH configuration could provide the parameters corresponding to additional ROs dedicated to SBFD-aware UE such that those ROs could be located on a set of symbols of a slot that are indicated as DL to a legacy UE on top of UL/flexible by tdd-UL-DL-ConfigurationCommon as shown in Figure 2. Since the additional RACH configuration could be used to configure additional ROs in either only SBFD symbols or both SBFD symbols and non-SBFD symbols, it should be discussed whether any restrictions are applied in terms of RO validation for SBFD aware UE. Given two separate RACH configurations, SBFD-aware UE needs to select one set of random access resources from the available two sets configured by legacy RACH configuration and additional RACH configuration. The selection rule (and switching rule if provided) could be one of topics to be further studied.
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Figure 2
Comparing to the single PRACH configuration, even with frequency-domain ROs overlapped with resource outside of UL subband for some reasons by the additional PRACH configuration, SBFD-aware UE could determine additional ROs in DL subband as invalid and legacy UE is not aware of those ROs. With two separated RACH configurations providing two different preamble formats by each PRACH configuration index, it looks natural to allow different preamble format configured by gNB for legacy RO and additional RO respectively if needed.

To enable SBFD operation under different circumstances, implementations, traffics, and criteria, supporting both Option 1 and Option 2 would be beneficial for gNB to have enhanced configuration flexibility. How to configure ROs for each option should take into account common (at least similar) design and implementation philosophy as much as possible. For example, once configured ROs in SBFD symbols and non-SBFD symbols are valid in Option 1-1 for SBFD aware UE, configured ROs in SBFD symbols and non-SBFD symbols should be also valid for Option 2 to reuse SBFD operation relevant implementations and designs for gNB side. 
 
Observation 1: For SBFD-aware UEs in RRC CONNECTED state, Option 1-1 and Option 2 could be properly configured based on the UE capability and its circumstances to enhance configuration flexibility for gNB. Given UE is not required to support both options, common design principle in RACH configuration options should be considered as much as possible for efficient implementation on top of UL system capacity and latency to be achieved for SBFD operation. 
Proposal 3: The working assumption on RACH configuration options should be confirmed.
Proposal 4: For two separate RACH configurations, different preamble formats by each PRACH configuration index can be configured by gNB.
Proposal 5: For two separate RACH configurations, RAN1 consider to study the selection rule and/or selection timing (and switching rule/timing if provided).

2.2.2 Random access configurations table
For SBFD random access operation, two tables for unpaired spectrum (i.e., Table 6.3.3.2.-3 for FR1 and unpaired spectrum and Table 6.3.3.2-4 for FR2 and unpaired spectrum in TS 38.211) can be reused. Some companies showed concerns on existing random access configuration tables for unpaired spectrum since configured RO location on time domain resource were designed for UL symbols/slots as the target which locate at the last slots. In SBFD operation, even though ROs could be configured on a set of symbols of a slot that are indicated as DL by tdd-UL-DL-ConfigurationCommon, given inherent restrictions from current random access configuration tables, gNB may not fully configure ROs to be located across those SBFD symbols/slots on top of UL symbols/slots. 

	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)



During RAN1 #116bis, the agreements were made for existing random access configurations table as below for Option 1 and Option 2. For Option 1, reusing the random access configurations table for unpaired spectrum could be simple approach at the price of limited configuration flexibility. For some cases to require enough number of ROs, there is the option for the PRACH configuration index to contain every slot/subframe numbers.  For Option 2 with the fundamental concept to provide configuration flexibility, there were discussion on several alternatives which are related to how to modify the subframe number and/or the slot number in random access configurations tables and eventually to configure more additional ROs on either SBFD symbols or non-SBFD symbols for SBFD aware UE. Reusing the existing random access configurations table as much as possible is preferred with new parameter(s) as followings.
· Alt 1-1: Introduce a new parameter to configure an additional subframe/slot number. For example, the additional subframe/slot number could replace the configured subframe/slot number by the PRACH indication index from existing random access configurations table for SBFD aware UE. For another example, the additional subframe/slot number could be combined with the configured subframe/slot number by the PRACH indication index from existing random access configurations table for SBFD aware UE. As for how to configure the values for the new parameters, the subframe number in existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211) could be reused.
· Alt 1-2: Introduce a new parameter to indicate a subframe offset value or a slot offset value, and apply each offset value to the configured subframe numbers or slot numbers by the PRACH configuration index from existing random access configurations table for SBFD aware UE  

Observation 2: For Option 1, given the limited RO configuration flexibility, allowing unnecessary number of ROs by PRACH configuration index to configure ROs in all or every other subframe or slot may result in UL performance degradation since ROs without actual PRACH transmission could prevent other UL channels/signals on UL subband from transmitting.
Proposal 6: For Option 1, discuss if the mechanism to manage the proper number of valid ROs should be supported. 
Proposal 7: For Option 2, support Alt 1 (i.e., use existing random access configurations table for unpaired spectrum).
· Introduce a new parameter to configure an additional subframe/slot number. 
· i.e., the additional subframe/slot number could replace or combine with the configured subframe/slot number by the PRACH configuration index from existing random access configurations table for SBFD aware UE

2.3 RO validity
2.3.1 RO validation rule

There was an agreement in RAN1 #116 as below for further discussion on whether a RO across SBFD symbol and non-SBFD symbol in the same slot or across slots is valid or not. Supporting different preamble formats and a slot consisting of SBFD symbol and non-SBFD symbol in accordance with the current specification and the corresponding agreement in AI 9.3.1, we need to have common understanding on those ROs.
	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.



Assuming different channel conditions and/or phase discontinuity between SBFD symbol and non-SBFD symbol, valid RO across SBFD and non-SBFD symbols in the same slot or across slots could cause some issues. Further details on PRACH power control in Option 2 are discussed in 2.5.2 (Power control for a valid RO across SBFD and non-SBFD symbols in the same slot or across slots). Given current random access configuration tables to be reused for unpaired spectrum, it seems to be corner case to have those ROs to be configured. However, for example, if existing random access configuration tables decide to introduce a new parameter such as replacing or combining additional subframe/slot number by the new parameter, increasing RO configuration flexibility may result in more those ROs. Or there may be critical needs to support those ROs as valid even though it could be the corner case for some reason. We may need further discussion whether a RO across SBFD and non-SBFD symbols in the same slot or across slots could be regarded as valid under the specific conditions. 
 
Proposal 8: RAN1 to support option 1 (a valid RO can only be on SBFD symbol or on non-SBFD symbols). RAN1 to discuss on whether a RO across SBFD symbol and non-SBFD symbol within a slot or across SBFD slot and non-SBFD slot could be regarded as valid under the specific conditions. 


	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.

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.

Updated proposal 1-2-7a:
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,
· for the additional-ROs in SBFD symbols configured by additional RACH configuration, they are 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.



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, 
· The first FFS: it should be agreed that the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs. If not, enabling PRACH transmission in only SBFD symbols is far from the motivations to achieve reduced random access latency, RACH collision probability, or improved PRACH coverage by opting out of UL transmission opportunity in non-SBFD symbols for SBFD aware UE as shown in Case 1 in Figure 3. 
· The second FFS: it should be agreed that 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). 
· If not (e.g. no restriction to all the configured ROs in SBFD symbols as downlink by tdd-UL-DL-ConfigurationCommon), configured RO could be overlapped with resources outside of  UL usable PRB in SBFD slots which requires the collision handling by gNB scheduling between PRACH transmission from legacy RO and DL transmission on DL usable PRB to SBFD aware UE. Given backward compatibility, gNB may deprioritize DL transmission in SBFD symbol as shown in Case 2 in Figure 3.
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Figure 3


Proposal 9: 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, support further 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).
· 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)

For Option 2, to support random access operation for SBFD-aware UEs in RRC CONNECTED state, it was agreed to down-select from alternative 2-3 and alternative 2-4.
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Figure 4

As shown in Figure 4 for SBFD aware UE, the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid in Alt 2-3 while the additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid in Alt 2-4. Comparing to Option 1, the purpose of Option 2 is to provide configuration flexibility for SBFD aware UE to enable more UL transmission opportunities under different conditions at the price of increased overhead and complexity. In this perspective, alt 2-4 is the proper RO configuration to meet this purpose for SBFD random access procedure. As for concerns on legacy RO and additional RO to be overlapped in non-SBFD symbols, it is up to network configuration to ensure that the ROs in non-SBFD symbols configured by legacy RACH configuration and the ROs in non-SBFD symbols configured by additional RACH configuration does not overlap. Considering majority companies support the separate PRACH power control parameter for Option 2, when ROs are located across SBFD symbols and non-SBFD symbols, each PRACH power control parameter would be manageable for gNB to receive two different RO types respectively depending on its implementations and circumstances as discussed in 2.5 (PRACH power control). Furthermore, common design principle for Option 1 and Option 2 such as ROs across SBFD symbols and non-SBFD symbol for SBFD aware UE should be considered as much as possible for simple and efficient implementation for SBFD operation.

To make Alt 2-3 more competitive, if two RO sets by legacy RACH configuration and additional RACH configuration are considered to be combined to generate a new one set of ROs for SBFD aware UE, it would potentially make a big impact on RAN2 specification since RAN2 agreed that multiple RA partitions for one RA type which map to the same feature/feature combination is not supported on a given BWP in RAN2 #116. Once we decide introducing additional ROs, it is natural that network associates all possible preambles of an additional RACH configuration to one or more feature(s) or feature combination(s). Given two RA partitions by legacy RACH configuration and additional RACH configuration like Alt 2-3, two RA partitions for legacy RO and SBFD RO (additional RO) should not map to the same SBFD feature in order for SBFD aware UE to transmit PRACH in legacy ROs and addition ROs. 

Observation 3: Comparing to Option 1, the purpose of Option 2 is to provide configuration flexibility for SBFD aware UE to enable more UL transmission opportunities under different conditions at the price of increased overhead and complexity. In this perspective, alt 2-4 is the proper RO configuration to meet this purpose for SBFD random access procedure.
Observation 4: To make Alt 2-3 more competitive, if two RO sets by legacy RACH configuration and additional RACH configuration are considered to be combined for SBFD aware UE, it would potentially make a big impact on RAN2 specification since RAN2 agreed that multiple RA partitions for one RA type which map to the same feature/feature combination is not supported on a given BWP.
Proposal 10: RAN1 to support Option 2-4 since it provides more configuration flexibility and less specification impact.

For Option 1-1, it was agreed that 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. For Option 2, it should be agreed that the additional-ROs in SBFD symbols and non-SBFD symbols configured by additional RACH configuration are valid if at least time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB based on the common design philosophy between Option 1 and Option 2. 

Proposal 11. For 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,
· for the additional-ROs in SBFD symbols and non-SBFD symbols configured by additional RACH configuration, they are valid if at least, 
· time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB

Comparing to the PRACH transmission on SBFD UL subband not overlapped with SSB, we need to further discuss on other conditions when the SBFD-aware UE determines PRACH occasion as valid during SBFD random access operation under controllable or tolerable UE-to-UE CLI if a UE is provided tdd-UL-DL-ConfigurationCommon, 

· Condition 1: a PRACH occasion in a PRACH slot is valid if it precedes a SSB in the PRACH slot and starts after a last SSB reception symbol as long as UE has enough time to switch between transmission and reception (e.g., leave to UE implementation)
· Condition 2: a PRACH occasion in a PRACH slot is valid if it is overlapped with DL reception.
· Condition 3: a PRACH occasion in a PRACH slot is valid if it starts after a last downlink symbol as long as UE has enough time to switch between transmission and reception (e.g., leave to UE implementation)


Observation 5: Given DL/UL subbands to be assigned for different UEs, the SBFD-aware UE could determine PRACH occasion as valid for a set of SBFD symbols in a slot where any SBFD symbol from the slot indicated for downlink.
Observation 6: Need to further discuss on other conditions when the SBFD-aware UE determines PRACH occasion as valid during SBFD random access operation.
· Condition 1: a PRACH occasion in a PRACH slot is valid if it precedes a SSB in the PRACH slot and starts after a last SSB reception symbol as long as UE has enough time to switch between transmission and reception (e.g., leave to UE implementation)
· Condition 2: a PRACH occasion in a PRACH slot is valid if it is overlapped with DL reception.
· Condition 3: a PRACH occasion in a PRACH slot is valid if it starts after a last downlink symbol as long as UE has enough time to switch between transmission and reception (e.g., leave to UE implementation)


The current specification deliberately describes to avoid conflicts leading to error cases or unexpected UE behaviours. For dynamic or semi-static DL vs. valid RO, we prefer reusing the existing collision handling principles for HD-FDD RedCap UE, i.e. leave to UE implementation. 

Proposal 12: For dynamic or semi-static DL vs. valid RO, 
· Reuse the existing collision handling principles for HD-FDD RedCap UE, i.e. leave to UE implementation.

2.3.2 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 1-1 as the agreement made in RAN1 #116bis, for the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon (e.g. SBFD-ROs), applying separate SSB-RO mapping for legacy-ROs and SBFD-ROs is supported. In this meeting, the corresponding mapping rule should be discussed. With less specification impact by enabling separate SSB-RO mapping and its rule for one single RACH configuration, we prefer to use legacy mapping rules applied to each legacy-ROs and SBFD-ROs. As a results, for SBFD aware UE, it allows two association (pattern) period for legacy-ROs and SBFD-ROs for SBFD random access operation in Figure 5.
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Figure 5
For option 2 with Alt 2-3, legacy mapping rule is applicable to legacy RACH configuration and additional RACH configuration respectively.  For Alt 2-4, ensuring that the ROs in non-SBFD symbols configured by legacy RACH configuration and the ROs in non-SBFD symbols configured by additional RACH configuration does not overlap, legacy mapping rule is applicable to legacy RACH configuration and additional RACH configuration respectively.

Observation 7: For Option 1 and Option 2, SSB-RO mapping and its rule should be determined considering at least less specification impact. 
· For Option 1, reuse legacy mapping rule applied to each legacy-ROs and SBFD-ROs where separate SSB-RO mapping is agreed to be used respectively.
· For Option 2, legacy mapping rule applicable to configured ROs by legacy RACH configuration and additional RACH configuration respectively
Proposal 13: For Option 1, reuse legacy mapping rule applied to each legacy-ROs and SBFD-ROs where separate SSB-RO mapping is agreed to be used respectively.
Proposal 14: For Option 2, legacy mapping rule applicable to configured ROs by legacy RACH configuration and additional RACH configuration respectively.

2.4 PRACH repetition 
PRACH repetition was one of key features specified during Rel.18 which could be applicable to SBFD random access operation to support the coverage enhancement. Assuming valid ROs distributed across SBFD symbols and non-SBFD symbols in Figure 6, there are two options to consider what type of valid ROs SBFD-aware UE could select to transmit PRACH.  
· The first option is to use one of RO types on only valid ROs in SBFD symbols or only valid ROs in non-SBFD symbol.  
· The second option is to allow both valid ROs in both SBFD symbols and non-SBFD symbols.  Considering different features and channel conditions between SBFD symbols and non-SBFD symbols, supporting different power control related parameter could mitigate concerns on power consistency and phase continuity. This would be discussed further in 2.5 (PRACH power control). 
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Figure 6

Observation 8: PRACH repetition is one of important features to realize valid ROs configured across SBFD symbols and non-SBFD symbols.
Proposal 15: For SBFD aware UEs in RRC CONNECTED state, at least PRACH repetition in SBFD symbols is supported.
· FFS PRACH repetition across SBFD symbols and non-SBFDs symbols.


2.5 PRACH power control

	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 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). 

Initial proposal 1-3-2:
For PRACH transmission of SBFD aware UEs in RRC CONNECTED state, support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
· FFS details, e.g., preamble target receive power, power ramping step size, etc




Considering different channel conditions and characteristics between SBFD symbol and non-SBFD symbol, it should be considered whether PRACH power control parameters in SBFD symbol and non-SBFD symbol need to be configured differently to support and realize CLI mitigation, UL link qualification and/or beam change.

2.5.1 Power control for single PRACH transmission
For option 1-1 for one single RACH configuration with possible enhancement, as the agreement made in RAN1#116bis, only existing parameters should be used. According to the needs of controlling PRACH transmission power for RRACH transmissions in SBFD symbol and ROs in non-SBFD symbol, respectively and the working assumption which is opening the potential of reinterpreting existing parameters, existing PRACH power control parameters should be reused with some reinterpretation if necessary. For example, by adopting the specified offset values of the Pcmax relevant parameter, preambleReceivedTargetPower, powerRampingStep and/or power ramping counter, the PRACH power control parameters can be reinterpreted on the SBFD aware UE side.
For option 2, it is agreed to support two separate RACH configurations. Because most of parameters regarding PRACH power control are also included in RACH configurations, it is natural to use separate parameters in PRACH power control. Similar with option 1-1, the parameters of the Pcmax relevant parameter, preambleReceivedTargetPower, powerRampingStep and power ramping counter can be separately indicated.

Observation 9: For option 1-1, to separately control the RACH preamble power for RO in SBFD symbols and RO in non-SBFD symbols for SBFE aware UE, re-interpretating existing single power control parameter in SBFD symbol should be considered.
Proposal 16: For option 1, support single PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols with re-interpretation.
Proposal 17: For option 2, support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.

2.5.2 Power control for a valid RO across SBFD and non-SBFD symbols in the same slot or across slots
There are preamble formats for a valid RO across SBFD symbols and non-SBFD symbols in the same slot or across slots.
· Long preamble format 
· Case 1) Format #1, #2: i.e., a RO across multiple RACH slots consisting of non-SBFD slots and SBFD slots
· Case 2) Format #0, #3: i.e., a RO across SBFD symbols and non-SBFD symbols in the same slot
· Short preamble format
· Case 3) i.e., a RO across SBFD symbols and non-SBFD symbols in the same slot

According to the current specification for Uplink power control, the UE Tx power control is determined per transmission occasion. Since a RO is regarded as a transmission occasion, the same UE Tx power should be consistent for the RO regardless of whether the RO is configured across SBFD and non-SBFD symbols in the same slot or across slots or not. It means the same UE Tx power should be consistent for the RO in Case 1) to Case 3) even if different PRACH transmit powers for RO in SBFD symbol and RO in non-SBFD symbol are supposed generally for SBFD random access process. Meanwhile for a slot consisting multiple ROs only on SBFD symbols or on non-SBFD symbols, different UE Tx power can be applied for each RO as transmission occasion if separate PRACH power control parameters for SBFD symbols and non-SBFD symbols are configured.

Observation 10: In current specification, UE Tx power control is determined per transmission occasion. Since a RO is regarded as a transmission occasion, the same UE Tx power should be consistent for the RO regardless of whether the RO is configured across SBFD and non-SBFD symbols in the same slot or across slots or not.
Proposal 18: In accordance with the current specification, the same UE Tx power should be consistent within a PRACH transmission occasion, even if different PRACH transmit powers for RO in SBFD symbol and RO in non-SBFD symbol are supposed generally for SBFD random access process.

2.5.3 Power control for multiple PRACH transmission across SBFD symbol and non-SBFD symbol
Assuming a valid RO only be on SBFD symbols or on non-SBFD symbols, in multiple PRACH transmissions across SBFD symbol and non-SBFD symbol, implementation specific consideration is required from the perspective of UE transmission and gNB reception, respectively. 
· For the UE transmission, PRACH transmission power between SBFD symbol and non-SBFD symbol could be different. Given dynamic power control available in 3GPP NR, its feasibility and corresponding conditions (e.g. transmission power gap, etc) are already fully evaluated and operated based on the existing implementation for different features (i.e., two UL closed loop power controls) and operation for different channel and signals. 
· For the gNB reception, considering the different link quality and received power between SBFD symbols and non-SBFD symbols, different gNB implementation methods should be taken into account (e.g. supporting coherent combining and/or non-coherent combining) to evaluate each feasibility. In the case of coherent combining, whether/how to keep power consistency and phase continuity should be considered. For example, as for power consistency, it is necessary to consider whether the same power should be required, or how much power gap could be tolerable for PRACH transmission between SBFD symbols and non-SBFD symbols. With the phase continuity related to the reception filters, assuming the different reception filters are implemented for some reasons (e.g., different BWP or subband), the phase continuity may not be maintained. Meanwhile given non-coherent combining implemented, combing operation could be performed in relaxed conditions compared to coherent combining. However, given its feasibility and corresponding conditions are already fully evaluated and operated based on the existing implementation for different features and operation for different channel and signals (i.e., PUSCH, SRS, etc). It means when gNB receives multiple PRACH in SBFD symbols and non-SBFD symbols, either phase continuity or power consistency are regarded as the issue in gNB side, it is up to gNB implementation how to resolve the issue.

Observation 11: Assuming a valid RO only be on SBFD symbols or on non-SBFD symbols, for multiple PRACH transmissions across SBFD symbol and non-SBFD symbol, the separate PRACH power control within PRACH transmission occasion based on the separate PRACH power control parameters should be considered.
Proposal 19: Discuss whether/how to support UE PRACH transmission power switching between SBFD symbol and non-SBFD symbol based on the separate PRACH power control parameters for multiple PRACH transmission across SBFD symbol and non-SBFD symbol.
Observation 12: for coherent combining between PRACH on SBFD symbol and PRACH non-SBFD symbol, power consistency and phase continuity should be considered.
Observation 13: consider coherent combining and non-coherent combining multiple PRACHs between SBFD symbol and non-SBFD symbol. 

2.6 Msg2/Msg3/Msg4 related transmission/reception in SBFD symbols
The agreement was made to take into account Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols in RAN1 #116.
	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.



Considering the ongoing discussion on general Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols in AI 9.3.1, it seems reasonable to wait and reuse the agreements to be made in non-RA SBFD operation as much as possible to prioritize RA specific items such as PRACH configuration, 4-step/2-step RACH operation, RO validity, SSB- RO mapping, PRACH repetition in RRC_CONNECTED and RRC_IDLE/INACTIVE modes and so on. However, we may need to keep the discussion on whether RA specific or RA optimized enhancements for SBFD aware UE could provide enough benefits after PRACH transmission. 
For Msg3 PUSCH on non-SBFD symbols, a UE uses the initial UL BWP size of  RBs when it processes the frequency domain resource assignment field and performs a PUSCH transmission with frequency hopping scheduled by RAR UL grant and a Msg3 PUSCH retransmission with the frequency offset for the second hop. We may need to consider enhancements on the interpretation on the frequency domain resource assignment field and/or frequency hopping for Msg 3 PUSCH in SBFD UL subband in SBFD symbol. 
For example, as one of RA specific enhancements for SBFD aware UE transmitting Msg3 PUSCH, whether to support Msg 3 PUSCH transmission with frequency hopping scheduled by RAR UL grant on SBFD symbols should be considered. Once the agreement is made to support frequency hopping, the discussion on how to enable the frequency offset for second hop should be followed. Reusing the frequency offset based on  RBs, initial UL BWP size, in Table 8.3-1 may result in Msg3 PUSCH to be overlapped out of UL usable PRB.

[image: ]

For one of RA optimized enhancements for SBFD aware UE transmitting Msg3 PUSCH, the frequency domain resource allocation by uplink resource allocation type 1 could be considered. Currently, depending on the initial UL BWP size of  RBs (if   ≤180, or else), the UE processes the frequency domain resource assignment field differently.  For example,   > 180, the UE inserts  most significant bits with value set to '0' after the  bits to the frequency domain resource assignment field as below. 
	8.3 in TS38.213
The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP size of  RBs, a UE processes the frequency domain resource assignment field as follows
-	if , or for operation with shared spectrum channel access if 
-	truncate the frequency domain resource assignment field to its  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
-	else
-	insert  most significant bits, or for operation with shared spectrum channel access insert  most significant bits, with value set to '0' after the  bits to the frequency domain resource assignment field, where   if the frequency hopping flag is set to '0' and  is provided in Table 8.3-1 if the hopping flag bit is set to '1', and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
-	end if



Since size of UL usable PRB within UL BWP is likely to be less than , if RA optimized enhancement for this frequency domain resource assignment field is agreed, it would help efficient resource utilization (i.e. removing unnecessary ‘0’s) for SBFD random access operation.
For Msg4 HARQ-ACK PUCCH on non-SBFD symbols, a UE utilizes the initial UL BWP size of  RBs when it determines the lowest PRB indices of the PUCCH transmission in the first hop and second hop from the PUCCH resource set provided by pucch-ResourceCommon before dedicated PUCCH resource configuration. We may need to consider enhancements on the frequency hopping behaviors for Msg4 HARQ-ACK PUCCH within UL usable PRB in SBFD symbol.

	9.2.1 in TS38.213
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]
…
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset 
	Set of initial CS indexes

	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
	
	{0, 3, 6, 9}







For example, as one of RA specific enhancements for SBFD aware UE transmitting Msg4 HARQ-ACK PUCCH, whether to support Msg4 HARQ-ACK PUCCH in the first hop and second hop from the PUCCH resource set should be considered. Once the agreement is made for frequency hopping, if supported, the discussion on how to determine the lowest PRB index of the PUCCH transmission in the first hop and/or the lowest PRB index of the PUCCH transmission in the second hop should be followed since reusing the  RBs, initial UL BWP size, in Table 9.2.1-1 may result in Msg4 HARQ-ACK PUCCH to be overlapped out of UL SBFD subband as shown in Figure 7 where for operation in FR2-2, pucch-ResourceCommon provide a number of  RBs for the PUCCH resource set; otherwise . If not supported, the discussion on whether/how to disable and which PUCCH resource from lower edge or higher edge should be followed.

[image: ]
Figure 7
For one of RA optimized enhancements for SBFD aware UE transmitting Msg4 HARQ-ACK PUCCH in the first hop and second hop from the PUCCH resource set, PUCCH resource sets before dedicated PUCCH resource configuration for SBFD symbols in time domain could be considered. Currently in Table 9.2.1-1, depending on the PUCCH format, the values of the First symbol and Number of symbols are specified. Considering a SBFD slot consisting of non-SBFD symbols and SBFD symbols, there might be some restrictions to reuse the PUCCH resource sets on SBFD symbol especially based on values specified in First symbol and Number of symbols. For example, given a slot consisting of 12 SBFD symbols and 2 non-SBFD symbol (if no gap between non-SBFD symbols and SBFD symbols), current the value in First symbol may not provide configuration flexibility for PUCCH resource sets in SBFD symbols.  

Observation 14: Considering the ongoing discussion on general Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols in AI 9.3.1, it seems reasonable to wait and reuse the agreements to be made in non-RA SBFD operation as much as possible.
Proposal 20: RAN1 to need to keep the discussion on RA specific or RA optimized enhancements for SBFD aware UE to evaluate benefits for Msg2/Msg3/Msg4 related transmission/reception in SBFD symbols.
· Enhancements on the interpretation on the frequency domain resource assignment field and/or frequency hopping for Msg 3 PUSCH transmission within UL usable PRBin SBFD symbol.
· Enhancements on the PUCCH resource sets before dedicated PUCCH resource configuration in time domain and/or frequency domain (e.g., frequency hopping) for Msg4 HARQ-ACK PUCCH transmission within UL usable PRB in SBFD symbol.

SBFD random access operation for UE in RRC_IDLE/INACTIVE mode
3.1 PRACH occasions to be located in SBFD UL subband for SBFD-aware UEs
One of main motives in introducing SBFD is UL range enhancement. For example, to relieve a bottleneck pertinent to the commercial TDD mid-band deployment [3] with limited usage of preamble formats, enabling more PRACH occasions configured on SBFD UL subband across consecutive SBFD slots would be virtual approaches to achieve larger range as intended. It is important that SBFD operation should be utilized to allow initial random access procedure in RRC_IDLE/INACTIVE mode. As in conclusion made in RAN1 #116, RAN1 observed different benefits and no significant DL performance degradation based on the initial simulation results for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, and tried to make an agreement since the majority of companies were supportive in RAN1 #116bis

	Conclusion in RAN1 #116
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

Possible Agreement in RAN1 #116bis
Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode. 




Observation 15: Observing no significant DL performance degradation based on the initial simulation results, and the majority of companies to support, RACH procedure for SBFD aware-UE is beneficial in RRC IDLE/INACTIVE mode. 
Proposal 21: RAN1 to support random access in SBFD symbols for SBFD aware UEs in RRC_IDLE/INACTIVE mode.

For semi-static SBFD operation the agreement on explicit configuration of SBFD subband time locations within a period was agreed for RRC_CONNECTED mode during RAN1 #116. It is worth reminding it was also agreed that for RRC connected mode UEs, at least cell-specific configuration on time and frequency (working assumption) location of SBFD subbands is supported within a TDD carrier in AI 9.3.1.
	Agreement
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured

Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands



Semi-static configuration to signal frequency and time location of the SBFD UL subband should be broadcasted via SIB1 for SBFD-aware UE in RRC_IDLE/INACTIVE mode to allow transmissions of PRACH, Msg3 PUSCH and PUCCH for Msg4 in SBFD symbols. Amid verifying the feasibility of initial random access in SBFD symbols in RRC_IDLE/INACTIVE mode, enhancement for CBRA should be studied to have common operation for SBFD aware UE in both RRC_CONNECTED mode and RRC_IDLE/INACTVIE mode. 

Proposal 22: RAN1 to support the RACH configuration relevant signal via SIB1 to enable PRACH transmission in SBFD symbols for both a SBFD aware UE in RRC_IDLE/INACTIVE mode and a SBFD aware UE in RRC_CONNECTED mode. 

3.2 Co-channel UE-to-UE CLI
Concern on initial random access procedure on SBFD symbols for SBFD aware UE in RRC_IDLE/INACTIVE mode is potential co-channel UE-to-UE CLI impact on DL reception when PRACH is transmitted on UL subband. It might be difficult to control and mitigate co-channel UE-to-UE CLI since gNB goes through the uncertainty of the timing of PRACH transmission when SBFD aware UEs perform CBRA. Meanwhile, considering on ROs without actual PRACH transmission, those reserved resources for PRACH occasion could prevent other UL channels/signals on UL subband from transmitting and creating co-channel UE-to-UE CLI in SBFD.
Furthermore, current specification provides relevant parameters to mitigate the level of co-channel UE-to-UE CLI. For example, PRACH preamble format with small channel bandwidth could be configured by prach-ConfigurationIndex in RACH-ConfigGeneric to restrain PRACH leakage. For another example, PRACH transmit power could be configured by preambleReceivedTargetPower in RACH-ConfigGeneric to control the target power level at the network receiver side which potentially results in tolerable co-channel UE-to-UE CLI to UEs in the vicinity. 

Observation 16: Co-channel UE-to-UE CLI can be lowered using existing configuration parameters managed by the gNB (e.g. UL Tx power, RACH preamble format, etc.).


Performance Evaluation Result 
This section provides our evaluation results on subband non-overlapping full duplex. The purpose of simulation is to observe downlink degradation caused by PRACH transmission in SBFD slot. To make initial access in SBFD slot, some UEs transmit PRACH through RO which is configured by gNB in SBFD slot. If another UE is receiving DL reception in same slot and given co-channel inter-subband, the PRACH would cause inter-subband interference to co-channel UE. As a result, the inter-subband UE-to-UE interference potentially makes downlink performance degradation. The simulation result is observing the degradation with DL UE average throughput.
In the evaluation, UE downlink throughput performance with varying PRACH transmission powers in semi-static SBFD system are compared. The simulation was conducted to observe the variations in DL UE average throughput based on the PRACH transmission power. In initial access procedure, only PRACH step is conducted. Because in this evaluation assuming high PRACH transmission power to success PRACH detection, it doesn’t assume additional PRACH retransmission and following power ramping. The retransmission or repetition could be conducted for further study. 

For performance comparison, the following frame structure (i.e., Alt 2 in the agreement in RAN1#109-e [4]) for the semi-static SBFD operation is assumed.
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Legacy TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
DL and UL resource for the semi-static SBFD operation are shown in Figure 8. For the evaluation, SBFD Subband configuration#1 with {DUD} pattern and total 10 PRBs of guard band is assumed.


Figure 8. DL/UL resource configuration for semi-static SBFD

In comparing indoor and outdoor scenarios, the inter-UE CLI is identified as the primary factor impacting DL throughput degradation. In indoor environments, the proximity between the UE and gNB results in reduced coupling loss and lower UE transmission power. However, the close proximity between UEs also leads to increased inter-UE CLI, affecting victim UEs. On the other hand, in outdoor settings, the greater distance between UEs and the gNB results in higher coupling loss and increased UE transmission power. However, this increased distance also leads to reduced inter-UE CLI for victim UEs. To examine the relationship between distance and uplink transmission power, experiments were conducted in indoor office and urban macro deployment scenarios.
To reflect the effects of inter-UE CLI, interference modeling agreed in Rel-18 study item (RAN1#112bis-e [6]) is assumed. The inter-UE CLI modeling reflects in-band emissions in Table 6.4.2.3-1 in TS 38.101-1. Detail interference modelling is below.
	Agreement
Update the previous agreement in RAN1#112 meeting as below.
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for UE-UE co-channel channel model, the power of UE-UE co-channel inter-subband CLI experienced by the victim UE on each receiver chain at DL RB n can be modelled as

where
·  is the power of UE-UE co-channel inter-subband CLI from aggressor UE  to victim UE  on each receiver chain at one DL RB n (linear value).
·  is UL transmission power of UE  across all transmit chains over the allocated UL RBs (linear value)
·  is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE
·  is the total number of UL RBs in the UL subband
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
· , wherein,
· For SBFD Subband configuration with {DUD} pattern,  can be ignored
· 
·  is UL transmission power of UE  across all transmit chains per RB (linear value). , and  is the number of UL RBs allocated for UL transmission of UE .
·  is the Transmission Bandwidth Configuration, referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  for FR1 with 100MHz transmission bandwidth and 30kHz SCS
·  for FR2-1 with 200MHz transmission bandwidth and 120kHz SCS
·  is the starting frequency offset between the allocated UL RBs and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated UL RBs)
· EVM is the limit specified in Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1 for the modulation format used in the allocated RBs.
Include the above in the LS to RAN4 to inform them of the agreement and to check if the RAN1 agreement is in line with RAN4’s understanding.




To observe severe inter-UE CLI case, Indoor Office scenario and Urban macro with UE cluster scenario are adopted. With the same reason, relatively DL large packet size (DL: 0.5Mbyte) is adopted. As a result of Rel-18 duplex enhancement, in TR 38.858, the large packet size case receives more negative effect caused by SBFD specific interference. Regarding the channel model, large-scale fading is considered only. 
To observe the effect of inter-UE CLI in Rel-18 duplex item, two alternatives for UE clustering distribution of Urban Macro and Dense Urban Macro layer were agreed in RAN1#110bis-e [5]. For evaluation, Alt-2 is applied which is baseline of UE clustering distribution that has multi cluster.
	Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, take Alt-2 as baseline and Alt-3 as optional.
	
	M
	X
	Indoor UE height (m)

	Alt-2
	20
	2
	1.5

	Alt-3
	10
	1
	1.5






In Indoor Office Sub-cases 1 and 2, the results were observed for difference PRACH UE Uplink power in a large packet size environment. The PRACH UE uplink power is controlled by preambleReceivedTargetPower. Considering less than 1% uplink error rate, it is known as uplink SINR should over at least 0dB. With considering the error rate, if the preambleReceivedTargetPower is larger than -120dB, the Uplink SINR over 3dB. According to Table 1, the sub-case#2 is conducted preambleReceivedTargetPower = -100dB. Thus, the uplink power is almost 20dB larger than assuming 0dB UL SINR. Other key assumptions of Indoor Office Sub-cases in FR1 in SBFD system are in Table 1. Other detailed evaluation assumptions are provided in Table 7 in Annex. 
Table 1: Sub-cases for Indoor Office in FR1.
	Sub-cases
Key assumptions
	SBFD_InH_FR1_Sub#1
	SBFD_InH_FR1_Sub#2

	SBFD slot configuration
	{XXXXU}
	√
	√

	
	{XXXXX}
	
	

	BS transmit power
	24dBm
	√
	√

	SBFD antenna configuration
	Twice area&same TxRUs
	√
	√

	
	Same area&same TxRUs
	
	

	Packet Size
	DL: 4Kbytes
	
	

	
	DL: 0.5Mbytes
	√
	√

	Power boosting
	With power boosting
	
	

	
	Without power boosting
	√
	√

	PRACH traffic rate (per UE per sec)
	0 times in a second per UE
	√
	

	
	40 times in a second per UE
	
	√

	preambleReceivedTargetPower
	N/A
	√
	

	
	-100dB
	
	√



In Table 2, DL resource utilization percentage is provided. In DL RU, it is calculated by used resource divided by downlink configured resource. So, it does not consider UL resource. In Figure 9, CDF of DL UE average throughput performance is provided. Each result shows CDF of DL UE average throughput according to PRACH transmission power. As mentioned above, PRACH transmission in UL subband could affect to DL subband by cross link interference. The Figure 9 has purpose of observing the degradation of DL UE average throughput. And the table 3 provides exact numeral value of mean/5%/50% /95% DL UE average throughput according to PRACH transmission power.
It is assumed RO is configured in every 3rd slot of overall uplink subband. Even if UEs want transmit RACH preamble at other slots, UEs can only transmit RACH preamble via RO slot.

Table 2: DL resource utilization percentage
	　
	DL RU (type2)

	No PRACH (sub-case#1)
	36.9 

	PRACH (sub-case#2)
	36.9 



 
Figure 9: DL UE average throughput performance in Indoor Office scenario.

Table 3: mean/5%/50%/95% DL UE average throughput
	UE DL throughput (Mbps)

	
	5%ile
	50%ile
	95%ile
	Mean

	No PRACH (sub-case#1)
	305.23
	487.12
	705.88
	494.2 

	PRACH (sub-case#2)
	316.32
	484.08
	701.30
	494.0 



In Table 2, 3 and Figure 9, No PRACH means the sub-case#1 and PRACH means the sub-case#2, respectively.
DL UE average throughput means it averaged DL throughput per single UE. So, the throughput is collected and distributed with the Figure 9 CDF. Table 3 means the percentile and mean of the Figure 9 CDF.
With comparing SBFD_InH_FR1_Sub#1 and 2, assuming inter-UE CLI, Packet size with 0.5Mbytes for DL, about 35~36 DL resource utilization, 
· Mean of sub-case#2 is degraded from 494.2 to 494.0 which is 0.02% in percentage with comparing sub-case#1.
· 5%ile of sub-case#2 is enhanced from 305.23 to 316.32 which is 3.63% in percentage with comparing sub-case#1.
· 50%ile of sub-case#2 is degraded from 487.12 to 484.08 which is 0.62% in percentage with comparing sub-case#1.
· 95%ile of sub-case#2 is degraded from 705.88 to 701.30 which is 0.65% in percentage with comparing sub-case#1.
With above result, it could be observed,
With transmitting PRACH, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 0.02%, -3.63%, 0.62% and 0.65%, respectively. It means in indoor office scenario the CLI cause by PRACH doesn’t affect DL UE average throughput except 5%ile.

Observation 17: Comparing with no transmitting PRACH, assuming inter-UE CLI, Packet size with 0.5Mbytes for DL, about 36.9 DL resource utilization,
· With transmitting PRACH, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 0.02%, -3.63%, 0.62% and 0.65%, respectively.
Observation 18: In indoor office scenario the CLI cause by PRACH doesn’t affect DL UE average throughput except 5%ile.

In Urban Macro Sub-cases 1, 2 and 3, the results were observed for difference PRACH UE Uplink power in a large packet size environment. The PRACH UE uplink power is controlled by preambleReceivedTargetPower. Considering less than 1% uplink error rate, it is known as uplink SINR should over at least 0dB. With considering the error rate, if the preambleReceivedTargetPower is larger than -120dB, the Uplink SINR over 3dB. According to Table 4, the sub-case#3 is conducted preambleReceivedTargetPower = -100dB. Thus, the uplink power is almost 20dB larger than assuming 0dB UL SINR. Other key assumptions of Urban Macro Sub-cases in FR1 in SBFD system are in Table 4. Other detailed evaluation assumptions are provided in Table 8 in Annex. 
Table 4: Sub-cases for Urban Macro in FR1.
	Sub-cases
Key assumptions
	SBFD_UMa_FR1_Sub#1
	SBFD_UMa_FR1_Sub#2
	SBFD_Uma_FR1_Sub#3

	SBFD slot configuration
	{XXXXU}
	√
	√
	√

	
	{XXXXX}
	
	
	

	BS transmit power
	49dBm
	√
	√
	√

	SBFD antenna configuration
	Twice area&same TxRUs
	√
	√
	√

	
	Same area&same TxRUs
	
	
	

	Packet Size
	DL: 4Kbytes
	
	
	

	
	DL: 0.5Mbytes
	√
	√
	√

	Power boosting
	With power boosting
	
	
	

	
	Without power boosting
	√
	√
	√

	PRACH traffic rate (per UE per sec)
	0 times in a second per UE
	√
	
	

	
	40 times in a second per UE
	
	√
	√

	preambleReceivedTargetPower
	N/A
	√
	
	

	
	-120dB
	
	√
	

	
	-100dB
	
	
	√



In Table 5, DL resource utilization percentage is provided. In DL RU, it is calculated by used resource divided by downlink configured resource. So, it does not consider UL resource. In Figure 10, CDF of DL UE average throughput performance is provided. Each result shows CDF of DL UE average throughput according to PRACH transmission power. As mentioned above, PRACH transmission in UL subband could affect to DL subband by cross link interference. The Figure 10 has purpose of observing the degradation of DL UE average throughput. And the table 6 provides exact numeral value of mean/5%/50% /95% DL UE average throughput according to PRACH transmission power.
It is assumed RO is configured in every 3rd slot of overall uplink subband. Even if UEs want transmit RACH preamble at other slots, UEs can only transmit RACH preamble via RO slot.

Table 5: DL resource utilization percentage
	　
	DL RU (type2)

	No PRACH (sub-case#1)
	41.5 


	PRACH 1 (sub-case#2)
	42.1 


	PRACH 2 (sub-case#3)
	42.7 



 
Figure 10: DL UE average throughput performance in Urban Macro scenario.

Table 6: mean/5%/50%/95% DL UE average throughput
	UE DL throughput (Mbps)

	
	5%ile
	50%ile
	95%ile
	Mean

	No PRACH (sub-case#1)
	424.24
	620.69
	790.12
	616.9 

	PRACH 1 (sub-case#2)
	404.36
	611.11
	781.40
	605.6 

	PRACH 2 (sub-case#3)
	405.06
	601.16
	770.01
	598.1 



In Table 5, 6 and Figure 10, No PRACH means the sub-case#1, PRACH 1 the sub-case#2 and PRACH 2 means the sub-case#3, respectively.
DL UE average throughput means it averaged DL throughput per single UE. So, the throughput is collected and distributed with the Figure 10 CDF. Table 6 means the percentile and mean of the Figure 10 CDF.
With comparing SBFD_UMa_FR1_Sub#1~3, assuming inter-UE CLI, Packet size with 0.5Mbytes for DL, about 35~36 DL resource utilization, 
· Mean of sub-case#2 is degraded from 616.9 to 605.6 which is 1.83% in percentage with comparing sub-case#1.
· Mean of sub-case#3 is degraded from 616.9 to 598.1which is 3.05% in percentage with comparing sub-case#1.
· 5%ile of sub-case#2 is enhanced from 424.24 to 404.36 which is 4.69% in percentage with comparing sub-case#1.
· 5%ile of sub-case#3 is enhanced from 424.24 to 405.06 which is 4.52% in percentage with comparing sub-case#1.
· 50%ile of sub-case#2 is degraded from 620.69 to 611.11 which is 1.54% in percentage with comparing sub-case#1.
· 50%ile of sub-case#3 is degraded from 620.69 to 601.16 which is 3.15% in percentage with comparing sub-case#1.
· 95%ile of sub-case#2 is degraded from 790.12 to 781.40 which is 1.10% in percentage with comparing sub-case#1.
· 95%ile of sub-case#3 is degraded from 790.12 to 770.01 which is 2.55% in percentage with comparing sub-case#1.
With above result, it could be observed,
With transmitting PRACH sub-case#1 and 2, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 1.83%, 4.69%, 1.54% and 1.10%, respectively. It means in Urban Macro scenario the CLI cause by PRACH doesn’t affect much DL UE average throughput.
With transmitting PRACH sub-case#1 and 3, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 3.05%, 4.52%, 3.15% and 2.55%, respectively. It means in Urban Macro scenario the CLI cause by PRACH doesn’t affect much DL UE average throughput.

Observation 19: Comparing with no transmitting PRACH, assuming inter-UE CLI, Packet size with 0.5Mbytes for DL, about 36.9 DL resource utilization,
· With transmitting PRACH sub-case#1 and 2, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 1.83%, 4.69%, 1.54% and 1.10%, respectively. 
· With transmitting PRACH sub-case#1 and 3, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 3.05%, 4.52%, 3.15% and 2.55%, respectively.
Observation 20: In Urban Macro scenario the CLI cause by PRACH doesn’t affect much DL UE average throughput.

Based on above evaluation results, it could be observed the range of DL performance degradation is below 5% in every assumption. It implies significant DL performance degradation is not observed based on the initial performance simulation results symbols. Also, as described above, the evaluation results assume greater power than 0 dB UL SINR for PRACH transmission. If 0dB UL SINR PRACH power is assumed, the result is expected to show less DL performance degradation.

Observation 21: Significant DL performance degradation is not observed based on the initial performance simulation results.


Summary
In this contribution, we discussed on the subband non-overlapping full duplex. 

1. SBFD random access operation for UE in RRC CONNECTED mode
Observation 1: For SBFD-aware UEs in RRC CONNECTED state, Option 1-1 and Option 2 could be properly configured based on the UE capability and its circumstances to enhance configuration flexibility for gNB. Given UE is not required to support both options, common design principle in RACH configuration options should be considered as much as possible for efficient implementation on top of UL system capacity and latency to be achieved for SBFD operation. 
Observation 2: For Option 1, given the limited RO configuration flexibility, allowing unnecessary number of ROs by PRACH configuration index to configure ROs in all or every other subframe or slot may result in UL performance degradation since ROs without actual PRACH transmission could prevent other UL channels/signals on UL subband from transmitting.
Observation 3: Comparing to Option 1, the purpose of Option 2 is to provide configuration flexibility for SBFD aware UE to enable more UL transmission opportunities under different conditions at the price of increased overhead and complexity. In this perspective, alt 2-4 is the proper RO configuration to meet this purpose for SBFD random access procedure.
Observation 4: To make Alt 2-3 more competitive, if two RO sets by legacy RACH configuration and additional RACH configuration are considered to be combined for SBFD aware UE, it would potentially make a big impact on RAN2 specification since RAN2 agreed that multiple RA partitions for one RA type which map to the same feature/feature combination is not supported on a given BWP.
Observation 5: Given DL/UL subbands to be assigned for different UEs, the SBFD-aware UE could determine PRACH occasion as valid for a set of SBFD symbols in a slot where any SBFD symbol from the slot indicated for downlink.
Observation 6: Need to further discuss on other conditions when the SBFD-aware UE determines PRACH occasion as valid during SBFD random access operation.
· Condition 1: a PRACH occasion in a PRACH slot is valid if it precedes a SSB in the PRACH slot and starts after a last SSB reception symbol as long as UE has enough time to switch between transmission and reception (e.g., leave to UE implementation)
· Condition 2: a PRACH occasion in a PRACH slot is valid if it is overlapped with DL reception.
· Condition 3: a PRACH occasion in a PRACH slot is valid if it starts after a last downlink symbol as long as UE has enough time to switch between transmission and reception (e.g., leave to UE implementation)
Observation 7: For Option 1 and Option 2, SSB-RO mapping and its rule should be determined considering at least less specification impact. 
· For Option 1, reuse legacy mapping rule applied to each legacy-ROs and SBFD-ROs where separate SSB-RO mapping is agreed to be used respectively.
· For Option 2, legacy mapping rule applicable to configured ROs by legacy RACH configuration and additional RACH configuration respectively
Observation 8: PRACH repetition is one of important features to realize valid ROs configured across SBFD symbols and non-SBFD symbols.
Observation 9: For option 1-1, to separately control the RACH preamble power for RO in SBFD symbols and RO in non-SBFD symbols for SBFE aware UE, re-interpretating existing single power control parameter in SBFD symbol should be considered.
Observation 10: In current specification, UE Tx power control is determined per transmission occasion. Since a RO is regarded as a transmission occasion, the same UE Tx power should be consistent for the RO regardless of whether the RO is configured across SBFD and non-SBFD symbols in the same slot or across slots or not.
Observation 11: Assuming a valid RO only be on SBFD symbols or on non-SBFD symbols, for multiple PRACH transmissions across SBFD symbol and non-SBFD symbol, the separate PRACH power control within PRACH transmission occasion based on the separate PRACH power control parameters should be considered.
Observation 12: for coherent combining between PRACH on SBFD symbol and PRACH non-SBFD symbol, power consistency and phase continuity should be considered.
Observation 13: consider coherent combining and non-coherent combining multiple PRACHs between SBFD symbol and non-SBFD symbol. 
Observation 14: Considering the ongoing discussion on general Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols in AI 9.3.1, it seems reasonable to wait and reuse the agreements to be made in non-RA SBFD operation as much as possible.

Proposal 1: RAN1 to allow 2-step RACH to be supported in SBFD symbols for SBFD aware UEs to fit into the latency limited conditions. 
Proposal 2: RAN1 to allow PRACH repetition to be supported in SBFD random access operation for SBFD aware UEs under coverage limited conditions. 
Proposal 3: The working assumption on RACH configuration options should be confirmed.
Proposal 4: For two separate RACH configurations, different preamble formats by each PRACH configuration index can be configured by gNB.
Proposal 5: For two separate RACH configurations, RAN1 consider to study the selection rule and/or selection timing (and switching rule/timing if provided).
Proposal 6: For Option 1, discuss if the mechanism to manage the proper number of valid ROs should be supported. 
Proposal 7: For Option 2, support Alt 1 (i.e., use existing random access configurations table for unpaired spectrum).
· Introduce a new parameter to configure an additional subframe/slot number. 
· i.e., the additional subframe/slot number could replace or combine with the configured subframe/slot number by the PRACH configuration index from existing random access configurations table for SBFD aware UE
Proposal 8: RAN1 to support option 1 (a valid RO can only be on SBFD symbol or on non-SBFD symbols). RAN1 to discuss on whether a RO across SBFD symbol and non-SBFD symbol within a slot or across SBFD slot and non-SBFD slot could be regarded as valid under the specific conditions. 
Proposal 9: 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, support further 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).
· 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 10: RAN1 to support Option 2-4 since it provides more configuration flexibility and less specification impact.
Proposal 11. For 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,
· for the additional-ROs in SBFD symbols and non-SBFD symbols configured by additional RACH configuration, they are valid if at least, 
· time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB
Proposal 12: For dynamic or semi-static DL vs. valid RO, 
· Reuse the existing collision handling principles for HD-FDD RedCap UE, i.e. leave to UE implementation.
Proposal 13: For Option 1, reuse legacy mapping rule applied to each legacy-ROs and SBFD-ROs where separate SSB-RO mapping is agreed to be used respectively.
Proposal 14: For Option 2, legacy mapping rule applicable to configured ROs by legacy RACH configuration and additional RACH configuration respectively.
Proposal 15: For SBFD aware UEs in RRC CONNECTED state, at least PRACH repetition in SBFD symbols is supported.
· FFS PRACH repetition across SBFD symbols and non-SBFDs symbols.
Proposal 16: For option 1, support single PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols with re-interpretation.
Proposal 17: For option 2, support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
Proposal 18: In accordance with the current specification, the same UE Tx power should be consistent within a PRACH transmission occasion, even if different PRACH transmit powers for RO in SBFD symbol and RO in non-SBFD symbol are supposed generally for SBFD random access process.
Proposal 19: Discuss whether/how to support UE PRACH transmission power switching between SBFD symbol and non-SBFD symbol based on the separate PRACH power control parameters for multiple PRACH transmission across SBFD symbol and non-SBFD symbol.
Proposal 20: RAN1 to need to keep the discussion on RA specific or RA optimized enhancements for SBFD aware UE to evaluate benefits for Msg2/Msg3/Msg4 related transmission/reception in SBFD symbols.
· Enhancements on the interpretation on the frequency domain resource assignment field and/or frequency hopping for Msg 3 PUSCH transmission within UL usable PRBin SBFD symbol.
· Enhancements on the PUCCH resource sets before dedicated PUCCH resource configuration in time domain and/or frequency domain (e.g., frequency hopping) for Msg4 HARQ-ACK PUCCH transmission within UL usable PRB in SBFD symbol.

2. SBFD random access operation for UE in RRC_IDLE/INACTIVE mode
Observation 15: Observing no significant DL performance degradation based on the initial simulation results, and the majority of companies to support, RACH procedure for SBFD aware-UE is beneficial in RRC IDLE/INACTIVE mode. 
Observation 16: Co-channel UE-to-UE CLI can be lowered using existing configuration parameters managed by the gNB (e.g. UL Tx power, RACH preamble format, etc.).

Proposal 21: RAN1 to support random access in SBFD symbols for SBFD aware UEs in RRC_IDLE/INACTIVE mode.
Proposal 22: RAN1 to support the RACH configuration relevant signal via SIB1 to enable PRACH transmission in SBFD symbols for both a SBFD aware UE in RRC_IDLE/INACTIVE mode and a SBFD aware UE in RRC_CONNECTED mode. 

3. Performance Evaluation Result
Observation 17: Comparing with no transmitting PRACH, assuming inter-UE CLI, Packet size with 0.5Mbytes for DL, about 36.9 DL resource utilization,
· With transmitting PRACH, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 0.02%, -3.63%, 0.62% and 0.65%, respectively.
Observation 18: In indoor office scenario the CLI cause by PRACH doesn’t affect DL UE average throughput except 5%ile.
Observation 19: Comparing with no transmitting PRACH, assuming inter-UE CLI, Packet size with 0.5Mbytes for DL, about 36.9 DL resource utilization,
· With transmitting PRACH sub-case#1 and 2, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 1.83%, 4.69%, 1.54% and 1.10%, respectively. 
· With transmitting PRACH sub-case#1 and 3, the mean, 5%ile, 50%ile and 95%ile values of DL UE average throughput is degraded 3.05%, 4.52%, 3.15% and 2.55%, respectively.
Observation 20: In Urban Macro scenario the CLI cause by PRACH doesn’t affect much DL UE average throughput.
Observation 21: Significant DL performance degradation is not observed based on the initial performance simulation results.
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ANNEX: Evaluation Assumption of SBFD
Table-4. Evaluation assumption for Indoor Office
	Parameters
	Evaluation assumption

	Carrier Frequency
	FR1: 4GHz

	Layout
	Single layers:
Indoor floor: (12BSs per 120m x 50m)
Min. distance btw macro-to-macro: 20m [TR 38.802 Table A.2.1-11]


	UE distribution
	120 UEs (10 UEs per BS)
No UE clustering, UE speed is 3km/h, UE height is 1.5m

Min. distance btw BS-to-UE: 0m [TR 38.802 Table A.2.1-11]


	System bandwidth/
Subcarrier spacing
	4GHz: 100MHz / 30kHz (273RBs)


	Tx power
	Indoor Tx power: 24dBm
UE max. Tx power: 23dBm


	BS antenna configuration
	FR1: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), (dH, dV) = (0.5, 0.5)λ

	UE antenna configuration
	FR1: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5

	Large-scale channel parameters
	Below 6GHz:
- TRP -to-UE: InH-Office in TR 38.901
- TRP -to- TRP: InH-Office in TR 38.901 (hUE =3m)
- UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)


	Traffic model
	FTP traffic model 3

Downlink: 500 KB/packet
Uplink: Only PRACH preamble

	DL/UL resource pattern
	SBFD: XXXXUXXXXU

DL and UL PRBs in X slot
- DL RB: 208 RBs
- UL RB: 55 RBs
- Guard RB: 10 RBs

	Resource pattern flexibility
	Static and common DL/UL resource pattern among cells

	ASIR for CLI
	SBFD: 
	
	FR1
	FR2-1

	BS ACLR
	45 dB
	28 dB

	BS ACS
	46 dB
	23.5 dB

	UE ACLR
	30 dB
	23 dB

	UE ACS
	33 dB
	23 dB

	BS 
	62 dB
	-




	Residual self-interference
	SBFD: UL receiver sensitivity degradation due to self-interference is 1dB


	Packet dropping timer
	200 slots
(A packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer)


	Output
	UE average/tail/median DL packet throughput (Mbps)
· UE average DL throughput: Harmonic mean of packet size / packet delay
· Mean/5%/50%/95% Average UE throughput: The mean/5%/50%/95% value of Average UE throughputs for all users.

	Resource Utilization
	Type-2 RU definition (calculated per link direction) is used



Table-5. Evaluation assumption for Urban Macro
	Parameters
	Evaluation assumption

	Carrier Frequency
	FR1: 4GHz

	Layout
	Single layers:
- Macro layer: Hex. Grid, 7 BSs, 3 sectors per BS 
 
Min. distance btw macro-to-macro: 500m


	UE distribution
	210 UEs (10 UEs per BS)
UE clustering. 80% of indoor UEs, 20% of outdoor UEs

Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8)

Min. distance btw macro-to-UE: 35m


	System bandwidth/
Subcarrier spacing
	4GHz: 100MHz / 30kHz (273RBs)


	Tx power
	Macro Tx power: 49dBm
UE max. Tx power: 23dBm


	BS antenna configuration
	FR1: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ

	UE antenna configuration
	FR1: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = 0.5

	Large-scale channel parameters
	Below 6GHz:
- Macro-to-UE: UMa in TR 38.901
- Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
- UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).

	Traffic model
	FTP traffic model 3

Downlink: 500 KB/packet
Uplink: Only PRACH preamble

	DL/UL resource pattern
	TDD: DDDSUDDDSU
SBFD: XXXXUXXXXU
 
UL/DL configuration in S slot
S=[12D:2G:0U]

DL and UL PRBs in X slot
- DL RB: 208 RBs
- UL RB: 55 RBs
- Guard RB: 10 RBs

	Resource pattern flexibility
	Static and common DL/UL resource pattern among cells

	ASIR for CLI
	SBFD: 
	
	FR1
	FR2-1

	BS ACLR
	45 dB
	28 dB

	BS ACS
	46 dB
	23.5 dB

	UE ACLR
	30 dB
	23 dB

	UE ACS
	33 dB
	23 dB

	BS 
	62 dB
	-




	Residual self-interference
	SBFD: UL receiver sensitivity degradation due to self-interference is 1dB


	Packet dropping timer
	200 slots
(A packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer)


	Output
	UE average/tail/median DL packet throughput (Mbps)
· UE average DL throughput: Harmonic mean of packet size / packet delay
· Mean/5%/50%/95% Average UE throughput: The mean/5%/50%/95% value of Average UE throughputs for all users.

	Resource Utilization
	Type-2 RU definition (calculated per link direction) is used



No PRACH (sub-case#1)	140.9443359375	217.072451171875	255.87736328125001	275.35912109374999	292.42527343749998	305.23295898437499	316.57556640625	324.90225585937503	332.1485546875	340.740849609375	346.0556640625	352.26852539062497	357.06742187499998	362.41249023437501	367.36279296875	371.845703125	375.939453125	379.0185546875	382.89472656250001	386.84831054687498	390.81132812499999	393.701171875	397.515625	401.337890625	405.0634765625	407.7666015625	410.89707031249998	414.0997265625	417.3916015625	421.052734375	423.2802734375	426.77035156250003	430.64925781250003	434.21285156250002	437.21363281250001	439.97163085937501	443.41796875	446.06857421875003	449.6123046875	452.173828125	455.42304687499995	459.23198242187499	462.427734375	465.60567382812496	468.619140625	472.271484375	474.96970703124998	477.64213867187493	481.47621093750001	484.29222656249999	487.119140625	490.1181640625	493.150390625	496.1240234375	499.04472656249999	502.44404296875001	504.79808593749999	507.9365234375	511.00734375000002	514.138671875	517.9853515625	521.06482421875	524.58984375	528.40853515624997	532.06640625	535.4970703125	538.720703125	542.00093749999996	545.7093359375001	549.69187499999987	554.07666015625	558.52886718750005	562.28414062499996	566.47348632812498	571.4287109375	574.887939453125	579.71859374999997	585.3662109375	590.021484375	594.1640625	599.1455078125	603.76976562500022	609.865234375	615.384765625	619.76761718749992	626.14975585937486	632.21875	638.37555664062495	644.42324218750002	651.1630859375	659.7939453125	668.12764648437496	676.056640625	685.7138671875	694.55398437499991	705.8828125	720.14808593750013	736.25286132812505	756.7972265625001	790.123046875	937.5	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	PRACH (sub-case#2)	138.0634765625	248.30614257812499	274.89201171874998	291.38258789062502	304.5390625	316.32011718749999	325.70462890624998	333.7822265625	341.41605468749998	346.85684570312497	352.12353515625	358.3818359375	363.63671875	368.15768554687497	372.10613281249999	376.87421875000001	380.9521484375	384.503232421875	387.55478515624998	390.83984375	393.77734375	397.98973632812499	401.826171875	404.88671875	408.40457031250003	411.880859375	415.42966796874998	418.22095703125001	421.052734375	423.923466796875	426.99111328125002	429.56855468750001	432.4326171875	435.96968750000002	438.59203124999999	441.37890625	443.7071484375	446.88036132812499	449.244140625	452.830078125	455.75605468750001	458.21590820312497	460.91634765624997	463.373046875	466.6669921875	469.764404296875	472.8134765625	476.05364257812494	478.86742187499999	481.70767578124997	484.076171875	487.44975585937499	490.9091796875	494.4814453125	497.53396484375003	500.80068359375002	503.17078125	505.85671874999997	509.06480468749999	512.24763671874996	515.17324218750002	518.388671875	521.7392578125	525.13621093749998	529.412109375	533.3330078125	536.3984375	540.3046875	543.93660156249996	547.619140625	550.98085937500002	554.28889648437507	558.55414062500006	562.69444335937499	565.8154296875	568.181640625	572.83984375	576.98526367187503	581.818359375	586.43814453125003	590.79746093749998	595.98828125	600.650390625	606.634765625	611.94273437499999	617.03964843749998	622.568359375	629.3994140625	635.83230468750003	641.833984375	649.22089843750007	659.08512695312504	669.13335937500005	680.06801757812514	690.4765625	701.30498046875005	721.81335937500023	740.30615234375	764.0517578125	794.8720703125	908.517578125	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	PRACH -140	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	PRACH -130	176.763671875	260.63207031249999	285.51945312499998	302.170283203125	313.75730468749998	322.76518554687499	330.715390625	338.87966796875003	343.95921874999999	348.92916015625002	354.87119140624998	359.79639648437501	364.52156250000002	368.44199218749998	372.0927734375	376.101318359375	380.32003906249997	384.15515625	387.27904296874999	390.5322265625	393.66484374999999	396.94568359375	400.61076171874998	403.48748046874999	406.779296875	410.482421875	413.546875	416.6669921875	419.3690234375	423.39474609374997	426.76884765624999	429.1845703125	431.440546875	434.60933593750002	437.3896484375	440.08442382812501	442.65140624999998	445.91470703125003	448.7802734375	451.7646484375	454.66074218749998	457.564453125	459.958984375	462.58024414062498	465.20527343750001	468.8642578125	471.455078125	474.23722656249998	477.59839843750001	479.68080078125001	482.328125	485.40601562500001	489.0830078125	492.537109375	496.01675781250003	499.03857421875	502.3251953125	505.26726562499994	507.9365234375	511.45197265625001	514.67011718749995	517.18504882812499	520.9306640625	523.99736328125005	527.6591796875	531.048828125	534.6064453125	537.8154296875	540.96699218750007	544.7882421874998	548.5712890625	552.55985351562504	556.21527343750006	559.8193359375	564.4765625	567.4736328125	571.4287109375	575	579.35777343749999	584.09353515625003	589.70292968749993	594.5916406250002	599.45375000000001	606.2058300781249	612.28132812499996	617.49594726562486	623.376953125	629.70830078124993	636.81535156250015	643.28272460937512	651.87021484375009	660.9465136718751	670.86871093750005	681.3876953125	690.8076171875	705.17314453125005	720.87050781250002	741.19648437500007	763.11119140624999	793.54166015625003	912.2802734375	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	PRACH -120	176.763671875	260.63207031249999	285.51945312499998	302.170283203125	313.75730468749998	322.76518554687499	330.715390625	338.87966796875003	343.95921874999999	348.92916015625002	354.87119140624998	359.79639648437501	364.52156250000002	368.44199218749998	372.0927734375	376.101318359375	380.32003906249997	384.15515625	387.27904296874999	390.5322265625	393.66484374999999	396.94568359375	400.61076171874998	403.48748046874999	406.779296875	410.482421875	413.546875	416.6669921875	419.3690234375	423.39474609374997	426.76884765624999	429.1845703125	431.440546875	434.60933593750002	437.3896484375	440.08442382812501	442.65140624999998	445.91470703125003	448.7802734375	451.7646484375	454.66074218749998	457.564453125	459.958984375	462.58024414062498	465.20527343750001	468.8642578125	471.455078125	474.23722656249998	477.59839843750001	479.68080078125001	482.328125	485.40601562500001	489.0830078125	492.537109375	496.01675781250003	499.03857421875	502.3251953125	505.26726562499994	507.9365234375	511.45197265625001	514.67011718749995	517.18504882812499	520.9306640625	523.99736328125005	527.6591796875	531.048828125	534.6064453125	537.8154296875	540.96699218750007	544.7882421874998	548.5712890625	552.55985351562504	556.21527343750006	559.8193359375	564.4765625	567.4736328125	571.4287109375	575	579.35777343749999	584.09353515625003	589.70292968749993	594.5916406250002	599.45375000000001	606.2058300781249	612.28132812499996	617.49594726562486	623.376953125	629.70830078124993	636.81535156250015	643.28272460937512	651.87021484375009	660.9465136718751	670.86871093750005	681.3876953125	690.8076171875	705.17314453125005	720.87050781250002	741.19648437500007	763.11119140624999	793.54166015625003	912.2802734375	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	PRACH -110	176.763671875	256.57988281249999	278.81632812499998	294.19719726562499	307.01695312499999	319.08769531249999	328.0419921875	335.78575195312499	342.54124999999999	347.826171875	353.43466796874998	360.02122070312498	365.16238281250003	369.23046875	373.056640625	377.09614257812501	380.9521484375	384.249638671875	387.42916015625002	390.572509765625	393.626953125	397.515625	401.63205078125003	404.26052734375003	407.73167968749999	411.338623046875	414.0791015625	417.02920898437503	420.34402343750003	423.11980468749999	426.45849609375	428.97470703124998	431.9658203125	435.59451171875003	438.1337890625	441.20405273437501	443.564453125	446.71659179687498	449.244140625	452.574462890625	455.16074218749998	458.11962890625	460.5546875	463.275634765625	465.85367187500003	469.5478515625	472.28974609375001	475.583984375	477.8759765625	480.53116210937503	483.091796875	485.830078125	489.15234375	492.99199218749999	496.1240234375	498.80078125	501.21656250000001	504.0654296875	507.3994140625	510.638671875	513.76171875	516.60546875	519.91480468750001	523.3642578125	527.38457031250005	531.365234375	535.2109375	538.947265625	542.373046875	546.341796875	549.73876953125	552.845703125	556.291015625	560.86439453125001	564.90146484374998	567.505859375	571.4287109375	575.875	580.73874999999998	585.13862304687495	589.93632812500005	595.3486328125	600.47492187499995	606.38970703124994	611.46484375	616.7021484375	622.4135937499999	628.38604492187494	635.2939453125	641.45181640625003	649.22089843750007	659.08512695312504	668.24886718750008	678.966796875	689.16675781249955	700.36538085937514	719.50105468750007	740.05524414062506	763.11119140624999	791.30516601562499	868.9140625	0	0.01	0.02	0.03	0.04	0.05	0.06	7.0000000000000007E-2	0.08	0.09	0.1	0.11	0.12	0.13	0.14000000000000001	0.15	0.16	0.17	0.18	0.19	0.2	0.21	0.22	0.23	0.24	0.25	0.26	0.27	0.28000000000000003	0.28999999999999998	0.3	0.31	0.32	0.33	0.34	0.35	0.36	0.37	0.38	0.39	0.4	0.41	0.42	0.43	0.44	0.45	0.46	0.47	0.48	0.49	0.5	0.51	0.52	0.53	0.54	0.55000000000000004	0.56000000000000005	0.56999999999999995	0.57999999999999996	0.59	0.6	0.61	0.62	0.63	0.64	0.65	0.66	0.67	0.68	0.69	0.7	0.71	0.72	0.73	0.74	0.75	0.76	0.77	0.78	0.79	0.8	0.81	0.82	0.83	0.84	0.85	0.86	0.87	0.88	0.89	0.9	0.91	0.92	0.93	0.94	0.95	0.96	0.97	0.98	0.99	1	UE avg DL throughput (Mbps)
CDF 
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