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[bookmark: _Toc120549591]1	Introduction
Rel-19 NR duplex evolution WI was approved in [1], we will discuss the following objectives in this contribution. 
· [bookmark: _Hlk157750069]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
2	Random access in RRC_IDLE/INACTIVE mode
In RAN1#116 meeting [2], the following conclusion was made about the observation of allowing PRACH in SBFD symbols for SBFD aware UEs in RRC_IDLE/INACTIVE mode.
	Conclusion
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following:
· The benefits include at least one or more of the following:
· reduced random access latency
· [bookmark: _Hlk166008434]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.


There are obvious benefits of supporting PRACH in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, and initial studies based on two companies’ evaluation results show that 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. 
In last RAN1#116bis meeting, one company observed that, based on evaluation results, detection performance can be substantially improved by allowing ROs to span both SBFD and UL symbols, in comparison to ROs only spanning SBFD symbols. It was further argued that before agreeing to support random access in RRC_IDLE/INACTIVE mode, it should be first agreed that valid RO can be across SBFD symbols and non-SBFD symbols, otherwise, the coverage of PRACH cannot be guaranteed or improved by supporting SBFD operation for random access. However, there seems no direct causal relationship between supporting valid RO to be across SBFD symbols and non-SBFD symbols and supporting random access in RRC_IDLE/INACTIVE mode. Improving coverage of PRACH is not the only motivation to support random access in RRC_IDLE/INACTIVE mode, other motivations include reducing random access latency, reducing PRACH collision probability, etc. Therefore, we don’t think supporting valid RO to be across SBFD symbols and non-SBFD symbols should be a pre-requisite of supporting random access in RRC_IDLE/INACTIVE mode. Whether to support valid RO to be across SBFD symbols and non-SBFD symbols is a common issue for RRC_CONNECTED mode and RRC_IDLE/INACTIVE mode. Based on the above consideration, we propose to support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
[bookmark: _Hlk166008840]Proposal 1: Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
3	PRACH enhancement in RRC_CONNECTED mode
In RAN1#116bis, the following working assumption was achieved on RACH configuration. Option 1 with Alt 1-1 has less signalling overhead but has some restrictions on configuration flexibility, while Option 2 provides more configuration flexibility but increases the signalling overhead. Both Options have suitable use cases and the similar design principle has already been adopted for several features in previous releases, such as 2-step RACH supporting both shared ROs and separate ROs with 4-step RACH, etc. Some companies argued in last meeting that whether this working assumption implies that SBFD aware UE should support both Option 1 and Option 2. Our understanding is NO. UE feature should be separately discussed at a later phase in UE feature session. Several possibilities can be further discussed, e.g., whether one SBFD aware UE supporting Option 2 should also support Option 1 or not, whether SBFD aware UE should support both Option 1 and Option 2, etc. For the case that network chooses to use Option 2, even if one SBFD aware UE only supports Option 1 and does not support Option 2, the SBFD aware UE can still perform random access based on legacy procedure. We do not see big issues. Thus, we think the working assumption can be confirmed. 
	Working Assumption
[bookmark: _Hlk165886174][bookmark: _Hlk165886163][bookmark: _Hlk166051863]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.


Proposal 2: Confirm the working assumption on support both RACH configuration Option 1 with Alt 1-1 and RACH configuration Option 2 for SBFD-aware UEs in RRC CONNECTED state.
[bookmark: _Hlk162605057]In previous meetings, some companies mentioned to try to reuse the Rel-17 Feature Combination related random access design framework in RAN2 for random access in SBFD. In current NR design, featureCombinationPreamblesList can be configured in both rach-ConfigCommon and AdditionalRACH-Config-r17. In our understanding, if companies decide to support feature combination functionality for random access on ROs in SBFD symbols, either SBFD RACH configuration Option 1 or SBFD RACH configuration Option 2 can be applied to support feature combination design. For example, different preambles can be configured for different feature combinations, e.g., SBFD+slicing, SBFD+SDT, in ROs in SBFD symbols for SBFD-aware UEs. 
Observation 1: Both RACH configuration Option 1 and Option 2 can be applied to support possible Feature Combination enhancement (if supported for SBFD) for SBFD-aware UEs.
In the following sections, the details of RACH configuration Option 1 and Option 2 will be discussed.
3.1 RACH configuration option 1
	Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, consider the following alternatives to derive the time and frequency resources of the configured ROs in SBFD symbols. 
· Alt 1-1: only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). 
· FFS the details
· FFS: Alt 1-2: based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon) and newly introduced parameter(s). 

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

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

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),
· [bookmark: _Hlk166145270]For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used

Agreement
For 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, 
· [bookmark: _Hlk166130867]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)
· [bookmark: _Hlk166130913]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.


3.1.1 RO resource determination
For RACH configuration Option 1 Alt 1-1, the time and frequency resources of the configured ROs in SBFD symbols is derived only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). One FFS issue is whether/how to reinterpret msg1-FrequencyStart parameter.
Some companies propose that, for SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, the parameter msg1-FrequencyStart can be interpreted as the frequency offset of lowest RO in frequency domain with respective to the lowest PRB of UL usable PRBs, so that the configured ROs can be shifted within the UL usable PRBs as illustrated in Figure 1(a). It should be noted that this method may not be suitable for all the cases. For example as in Figure 1(b) assuming the bandwidth of initial UL BWP is 100MHz and the value of msg1-FrequencyStart is larger than the frequency domain size of UL subband (the UL usable PRBs), the configured ROs cannot be shifted within the UL usable PRBs based on the above simple reinterpretation. In this case, more complex reinterpretation rules may need or network can avoid such cases based on implementation.



(a)                                                 (b)
Figure 1
Proposal 3: For RACH configuration Option 1 with Alt 1-1 and for SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, the parameter msg1-FrequencyStart in rach-ConfigCommon can be interpreted as the frequency offset of lowest RO in frequency domain with respective to the lowest PRB of UL usable PRBs.
3.1.2 RO validation
Regarding the agreement on RO validation for RACH configuration Option 1 with Alt 1-1 in last meeting, there are some FFS points to be further discussed.
Issue 1: For non-SBFD symbols and SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon
In last meeting, we have agreed 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). In our understanding, this implies that, if some ROs in non-SBFD symbols or some ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon are valid for non-SBFD aware UEs based on legacy RO validation rules, these ROs are also valid for SBFD aware UEs. For SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, even if some ROs are configured outside the UL usable PRBs (based on the configuration of msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon), these ROs may be valid for non-SBFD aware UE based on legacy RO validation rules (as case 1 in Figure 2). In this case, network should know that non-SBFD aware UEs may transmit preambles in these ROs although these ROs are outside the UL usable PRBs, which may cause some problems, e.g., network cannot receive preambles in these ROs. Normally, we think this case should be avoided by network configuration, e.g., by ensuring the configured ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon are within the UL usable PRBs (as case 2 in Figure 2), or by not configuring SBFD subbands in symbols configured with ROs and configured as flexible by tdd-UL-DL-ConfigurationCommon (as case 3 in Figure 2), etc.
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Figure 2


Issue 2: For SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon
As the agreement made in last RAN1 meeting, 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, but whether other conditions should also be fulfilled are FFS.
In the legacy RO validation rule, two other conditions should be ensured to validate a RO: 1) it does not precede a SS/PBCH block in the PRACH slot, 2) it starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block symbol. We think these two conditions should be relaxed. For the first condition, there is only DL to UL and no UL to DL in one slot in the legacy TDD frame structure, while it is no longer true for SBFD operation. For the second condition, legacy gNB cannot transmit DL/SSB and receive PRACH simultaneously and a transition time is needed between DL/SSB transmission and PRACH reception, so at least Ngap symbols should be guaranteed between a last DL/SSB symbol and a valid RO in the PRACH slot, while for SBFD gNB, it can simultaneously transmit DL/SSB and receive PRACH in SBFD symbols, so we think the second condition is also not needed for RO validation in SBFD symbols as long as UE has enough time to switch from Rx to Tx.
[bookmark: _Hlk166144727]Proposal 4: For RACH configuration Option 1 with Alt 1-1, no other conditions are needed to define the valid RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.

Issue 3: Whether separate preambles can be allocated to SBFD aware UEs and non-SBFD aware UEs on legacy-ROs for early identification
For RACH configuration Option 1 with Alt 1-1, SBFD aware UE can see both legacy-ROs (including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon) and SBFD-ROs (the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon). For legacy-ROs, it can be further discussed whether separate preambles can be allocated to SBFD aware UEs and non-SBFD aware UEs to help network to early identify SBFD-aware UEs and schedule Msg2/3/4 in SBFD symbols for SBFD-aware UEs.
[bookmark: _Hlk166145214]Proposal 5: For RACH configuration Option 1 with Alt 1-1 and for legacy-ROs (including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon), further study whether separate preambles can be allocated to SBFD aware UEs and non-SBFD aware UEs for early identification of SBFD-aware UEs.
3.1.3 SSB-RO mapping
In last meeting, it has been agreed that, the legacy SSB-RO mapping is followed 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), and separate SSB-RO mapping is used for the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon. The follow-up question is the concrete SSB-RO mapping rule for the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon. There are at least two alternatives that can be considered:
· [bookmark: _Hlk166147841]Alt 1: reuse legacy SSB-RO mapping rules.
· Alt 2: enhanced SSB-RO mapping rules, e.g., SS/PBCH block indexes are mapped to valid ROs in descending order of SS/PBCH block indexes.
If both legacy-ROs and SBFD-ROs can be flexibly used by SBFD aware UEs, it may consume less time for SBFD aware UE to find a valid RO associated with suitable SSB, so that the latency of random access procedure can be reduced. However, this depends on how flexible the SBFD aware UE can use legacy-ROs and SBFD-ROs. For example, if SBFD aware UEs can switch to use the other type of ROs (legacy-ROs or SBFD-ROs) only after the PRACH transmission number reaches the maximum transmission number for the ongoing PRACH transmission procedure, the latency of random access procedure may not be reduced significantly. Therefore, in our opinion, Alt 1 can be the starting point, and Alt 2 can be considered if obvious benefits can be observed.
Proposal 6: For RACH configuration Option 1 with Alt 1-1 and for the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, take Alt 1 as the starting point, and Alt 2 can be considered if obvious benefits can be observed.
· Alt 1: reuse legacy SSB-RO mapping rules.
· Alt 2: enhanced SSB-RO mapping rules, e.g., SS/PBCH block indexes are mapped to valid ROs in descending order of SS/PBCH block indexes.

3.1.4 PRACH power control
[bookmark: _Hlk166154263]In our understanding, the advantage of RACH configuration Option 1 with Alt 1-1 is the minimized RACH configuration signalling overhead, so we think the single set of PRACH power control parameters can be used for both legacy-ROs and SBFD-ROs, i.e., no additional PRACH power control related parameters will be introduced for random access in SBFD symbols for RACH configuration Option 1 with Alt 1-1. In this case, SBFD aware UE can flexibly choose legacy-RO or SBFD-RO for each PRACH transmission. 
[bookmark: _Hlk166148061]Proposal 7: For RACH configuration Option 1 with Alt 1-1, single set of PRACH power control parameters, including preambleReceivedTargetPower, preambleTransMax and powerRampingStep, can be used for legacy-ROs (including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon) and SBFD-ROs (the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon) for SBFD-aware UEs.

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

Agreement
For 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)



3.2.1 RO validation
In last meeting, it has been agreed that, for the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules are followed for SBFD aware UEs.
Regarding whether the additional-ROs in non-SBFD symbols configured by additional RACH configuration are valid or not for SBFD-aware UEs, two alternatives need to be down-selected. 
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Figure 3
The analysis is as the following:
· Alt 2-3 is simpler and can avoid a lot of complex issues. Firstly, the motivation of introduce additional RACH configuration is to provide more ROs in SBFD symbols, so it is not necessary to configure more ROs in non-SBFD symbols, especially considering the legacy-ROs configured by legacy RACH configuration can also be used by SBFD aware UEs. Secondly, UL resource fragmentation issue in non-SBFD symbols can be avoided with Alt 2-3. Thirdly, the SSB-RO mapping rule is also simpler since there is no potential issue that both legacy-ROs and additional-ROs exist in the same non-SBFD symbols which may cause the same symbols to be mapped to different SSB beams.
· Alt 2-4 is more complicated. The issues including UL frequency fragmentation, complicated SSB-RO mapping rules need to be discussed, e.g., SBFD-ware UE may need to maintain three SSB-RO mapping rules, including SSB mapping to legacy-ROs, SSB mapping to additional-ROs in SBFD symbols, SSB mapping to additional-ROs in non-SBFD symbols.
In summary, we think Alt 2-3 can achieve a good balance between flexibility and complexity, and it is preferred.
Regarding the FFS for the case where the additional-ROs partially overlap with non-SBFD symbols, it can be separately discussed. We think it can be invalid for simplicity, since there could be switching time between SBFD symbols and non-SBFD symbols depending on the gNB implementation, which may cause gNB cannot properly receive the additional-ROs partially overlapping with non-SBFD symbols. In addition, if we consider separate power control parameters configured for legacy-ROs and additional-ROs, more discussions are needed since the transmission power of legacy-ROs and additional-ROs will be different even they are in the same non-SBFD symbols.
Proposal 8: For RACH configuration Option 2, support Alt 2-3.
· 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 

Regarding the additional RO validation rule, we think the similar principle as in Option 1 can be reused for Option 2. However, one issue that was heavily discussed in last meeting is whether the valid ROs in SBFD symbols can be overlapped with SSB or not. For HD RedCap UEs in FDD system, if the RO is overlapped with SSB, HD-UE can select based on its implementation whether to transmit PRACH or receive SSB (as following copied from TS38.213 section 17.2). For SBFD gNB, the situation is very similar to FDD, so we think it can be relaxed that the valid ROs in SBFD symbols can be overlapped with SSB, and SBFD aware UE can select based on its implementation whether to transmit PRACH on the RO or receive SSB in this case.
[bookmark: _Hlk166162858]If a HD-UE would transmit a PRACH or MsgA PUSCH triggered by higher layers in a set of symbols and would receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS, or is indicated presence of SS/PBCH blocks within the active DL BWP by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB in symbols that include any symbol from the set of symbols, the HD-UE can select based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or receive the PDSCH, or the CSI-RS, or the PL RS, or the PDCCH, or the SS/PBCH blocks.
[bookmark: _Hlk166163398]Proposal 9: For RACH configuration Option 2, for the additional-ROs in SBFD symbols configured by additional RACH configuration, they are valid if time and frequency resource of the ROs are fully within UL usable PRBs.
In RACH configuration Option 2, both legacy-ROs and additional-ROs can be used by SBFD-aware UEs, but how dynamically the SBFD aware UE can switch between PRACH transmission on additional-ROs and PRACH transmission on legacy-ROs should be further discussed. In our opinion, SBFD aware UEs can switch to use the other type of ROs (legacy-ROs or additional-ROs) only after the PRACH transmission number reaches the maximum transmission number for the ongoing PRACH transmission procedure. This method can simplify the UE PRACH power control behaviour if separate power control parameters are used for legacy-ROs and additional-ROs.
Proposal 10: For RACH configuration Option 2, further study how SBFD aware UE switches between PRACH transmission on additional-ROs and PRACH transmission on legacy-ROs.
3.2.2 SSB-RO mapping
In last meeting, it has been agreed that, for the legacy-ROs configured by legacy RACH configuration, the legacy SSB-RO mapping rules are followed for SBFD aware UEs. Regarding the SSB-RO mapping rules for the additional-ROs configured by additional RACH configuration, the simplest way is to reuse the legacy SSB-RO mapping rules. Other enhanced SSB-RO mapping rules can also be considered is obvious benefit can be observed.
Proposal 11: For RACH configuration Option 2, regarding the SSB-RO mapping rules for the additional-ROs configured by additional RACH configuration, take the legacy SSB-RO mapping rule as the starting point, and other enhanced SSB-RO mapping rules can also be considered is obvious benefit can be observed.
3.2.3 PRACH format configuration
Different PRACH preamble formats can be configured for SBFD-aware UEs in Option 2. In legacy NR design, the random access configurations Table 6.3.3.2-2 in TS 38.211 is used for FR1 paired spectrum/supplementary uplink and Table 6.3.3.2-3/Table 6.3.3.2-4 are used for FR1/FR2 unpaired spectrum respectively. Considering the UL subband is configured in DL symbols in SBFD and the legacy TDD random access configuration table is optimized based on TDD UL-DL configuration, reusing the TDD random access configuration table for configuring ROs in SBFD symbols may cause configuration restriction or inflexibility. Some alternatives were listed in last RAN1 meeting.
From our point of view, the specification impact should be minimized. For FR1, reusing the FDD random access configuration table for PRACH configuration in SBFD symbols can be considered is the simplest solution, which avoids heavy discussions on which entries should be introduced on top of existing random access configurations table for unpaired spectrum. For FR2, we think use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) should be the starting point, and additional enhancements can be considered if it is necessary.
Proposal 12: For RACH configuration Option 2, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration:
· For FR1, use existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211);
· For FR2, use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211).
3.2.4 PRACH power control
[bookmark: OLE_LINK2][bookmark: _Hlk156735853]Different from Option 1 whose motivation is to reduce the RACH configuration signalling overhead, it is natural to support different PRACH power control between legacy-ROs and additional-ROs in Option 2. For example, lower PRACH power can be used in SBFD symbols to lower UE-to-UE CLI. In legacy PRACH power control, the following three parameters are used, including preambleReceivedTargetPower to configure the target receive power, preambleTransMax to configure the maximum number of PRACH transmission and powerRampingStep to configure the power ramping step. In our understanding, these three parameters can all be configured for PRACH transmission in SBFD symbols separately from legacy PRACH configuration to reduce the CLI impact, e.g., lower preambleReceivedTargetPower to reduce the target power, lower preambleTransMax and larger powerRampingStep to reduce the total attempting number.
Proposal 13: For RACH configuration Option 2, separate PRACH power control parameters can be configured by the legacy RACH configuration and the additional RACH configuration.
4 Msg3/4 enhancement
4.1 Msg3 enhancement
[bookmark: _Hlk158480067]In current NR design, the resource allocation and frequency hopping are determined by the size of initial UL BWP which cannot be directly used for Msg3 transmission on SBFD UL subband. Thus, if Msg3 is transmitted in SBFD symbols, the interpretation of frequency resource allocation in UL grant provided by RAR and the frequency offset of the second hop of Msg3 PUSCH provided in Table 8.3-1 in TS 38.213 should be determined based on size of SBFD UL subband.
Similar to the power control of PRACH and other PUSCH, separate power control parameters can also be used in SBFD symbols and non-SBFD symbols respectively, e.g., different msg3-DeltaPreamble and msg3-Alpha.
Proposal 14: The interpretation of frequency domain resource allocation in UL grant provided by RAR and the frequency offset of the second hop of Msg3 PUSCH provided in Table 8.3-1 in TS 38.213 should be determined based on size of SBFD UL subband if Msg3 is transmitted in SBFD symbols.
Proposal 15: Separate power control parameters can be configured for Msg3 transmission in SBFD symbols and non-SBFD symbols.
· FFS which parameters can be separately configured, e.g., msg3-DeltaPreamble and msg3-Alpha.
4.2 Msg4 HARQ-ACK feedback enhancement
The PUCCH resource sets used for Msg4 HARQ-ACK feedback is pre-defined as Table 9.2.1-1 in TS 38.213, and the PRI indication and CCE index is used to indicate one of the rows for Msg4 HARQ-ACK feedback on PUCCH. However, the PUCCH frequency resource allocation is based on the size of initial UL BWP, e.g., the first and second hop PRB location. In order to feedback HARQ-ACK information of Msg4 in SBFD UL subband, the PUCCH frequency hopping PRB location should be based on the size of SBFD UL subband instead of initial UL BWP. In addition, the separate power control parameters for Msg4 HARQ-ACK PUCCH can also be configured similar to PRACH and Msg3.
Proposal 16: The interpretation of PRB locations of first hop and second hop for Msg4 HARQ-ACK feedback on PUCCH in SBFD symbols should be determined based on size of SBFD UL subband.
Proposal 17: Separate power control parameters can be configured for Msg4 HARQ-ACK feedback on PUCCH transmission in SBFD symbols and non-SBFD symbols.
· FFS which parameters can be separately configured, e.g., p0-nominal.
5	Conclusions
In this contribution, we discussed random access operation in SBFD, and the following observations and proposals are made.
Observation 1: Both RACH configuration Option 1 and Option 2 can be applied to support possible Feature Combination enhancement (if supported for SBFD) for SBFD-aware UEs.
Proposal 1: Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
Proposal 2: Confirm the working assumption on support both RACH configuration Option 1 with Alt 1-1 and RACH configuration Option 2 for SBFD-aware UEs in RRC CONNECTED state.
Proposal 3: For RACH configuration Option 1 with Alt 1-1 and for SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, the parameter msg1-FrequencyStart in rach-ConfigCommon can be interpreted as the frequency offset of lowest RO in frequency domain with respective to the lowest PRB of UL usable PRBs.
Proposal 4: For RACH configuration Option 1 with Alt 1-1, no other conditions are needed to define the valid RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
Proposal 5: For RACH configuration Option 1 with Alt 1-1 and for legacy-ROs (including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon), further study whether separate preambles can be allocated to SBFD aware UEs and non-SBFD aware UEs for early identification of SBFD-aware UEs.
Proposal 6: For RACH configuration Option 1 with Alt 1-1 and for the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, take Alt 1 as the starting point, and Alt 2 can be considered if obvious benefits can be observed.
· Alt 1: reuse legacy SSB-RO mapping rules.
· Alt 2: enhanced SSB-RO mapping rules, e.g., SS/PBCH block indexes are mapped to valid ROs in descending order of SS/PBCH block indexes.
Proposal 7: For RACH configuration Option 1 with Alt 1-1, single set of PRACH power control parameters, including preambleReceivedTargetPower, preambleTransMax and powerRampingStep, can be used for legacy-ROs (including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon) and SBFD-ROs (the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon) for SBFD-aware UEs.
Proposal 8: For RACH configuration Option 2, support Alt 2-3.
· 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 
Proposal 9: For RACH configuration Option 2, for the additional-ROs in SBFD symbols configured by additional RACH configuration, they are valid if time and frequency resource of the ROs are fully within UL usable PRBs.
Proposal 10: For RACH configuration Option 2, further study how SBFD aware UE switches between PRACH transmission on additional-ROs and PRACH transmission on legacy-ROs.
Proposal 11: For RACH configuration Option 2, regarding the SSB-RO mapping rules for the additional-ROs configured by additional RACH configuration, take the legacy SSB-RO mapping rule as the starting point, and other enhanced SSB-RO mapping rules can also be considered is obvious benefit can be observed.
Proposal 12: For RACH configuration Option 2, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration:
· For FR1, use existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211);
· For FR2, use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211).
Proposal 13: For RACH configuration Option 2, separate PRACH power control parameters can be configured by the legacy RACH configuration and the additional RACH configuration.
Proposal 14: The interpretation of frequency domain resource allocation in UL grant provided by RAR and the frequency offset of the second hop of Msg3 PUSCH provided in Table 8.3-1 in TS 38.213 should be determined based on size of SBFD UL subband if Msg3 is transmitted in SBFD symbols.
Proposal 15: Separate power control parameters can be configured for Msg3 transmission in SBFD symbols and non-SBFD symbols.
· FFS which parameters can be separately configured, e.g., msg3-DeltaPreamble and msg3-Alpha.
Proposal 16: The interpretation of PRB locations of first hop and second hop for Msg4 HARQ-ACK feedback on PUCCH in SBFD symbols should be determined based on size of SBFD UL subband.
Proposal 17: Separate power control parameters can be configured for Msg4 HARQ-ACK feedback on PUCCH transmission in SBFD symbols and non-SBFD symbols.
· FFS which parameters can be separately configured, e.g., p0-nominal.
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7 Annex
[bookmark: _Hlk157750116]7.1 SLS evaluation methodology for CLI impact caused by PRACH
On top of the legacy SBFD simulation platform as developed in R18, in addition to the UL/DL traffic transmission/reception, some UEs are randomly selected to perform PRACH transmission. For a UE and a RO, the probability that the UE transmits preamble on the RO is . PRACH retransmission and power ramping for PRACH transmission are not modelled for simplification. Instead, different PRACH transmission powers are evaluated. Mean/5%/50%/95% Average-UPT are considered as the performance metrics to evaluate the UE-UE CLI impact due to PRACH transmission.
Regarding PRACH configuration for SBFD evaluation, examples shown in Figure 4 are considered.
· For Urban Macro and Dense Urban Macro Layer in FR1, PRACH format 0 is considered which occupies 1ms and 3RB. Only one RO is allocated at the middle of the UL subband of two consecutive SBFD slots (e.g., slot #7 and #8 with 30KHz SCS) every two SBFD configuration periods (i.e., RO time-domain periodicity is 5ms).
· For Indoor office (FR1), PRACH format B4 is considered which occupies about 0.5ms and 12RB. Only one RO is allocated at the middle of the UL subband of one SBFD slot (e.g., slot #8 with 30KHz SCS) every two SBFD configuration periods (i.e., RO time-domain periodicity is 5ms).


 
[bookmark: _Ref157074019]Figure 4. Example of PRACH configuration for SBFD evaluation
The following configurations for Urban Macro scenario is used in our 4.9GHz commercial network,
· PRACH Configuration Index 17 is used with msg1-FDM = 1, i.e., every 10ms, there are two RO occasions respectively located at subframe 4 and 9, which equals to one RO in every 5ms.
	PRACH
Configuration Index
	Preamble format
	
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	, number of time-domain PRACH occasions within a PRACH slot
	,
PRACH duration

	
	
	
	
	
	
	
	
	

	17
	0
	1
	0
	4,9
	0
	-
	-
	0


· preambleReceivedTargetPower = -100dBm
· The average usage probability of contention-based RO within one second is about 2%-20% for 50-200 UEs per cell.
Based on the above consideration, the following parameters are used for SBFD evaluation.

[bookmark: _Ref156921332]Table 1. Simulation assumption for UE-UE CLI caused by CBRA
	
	Indoor office
	Urban Macro
	Dense Urban Macro layer

	Carrier frequency
	4GHz

	BS transmit power (100MHz)
	24dBm
	53dBm
	38dBm

	Inter-BS (2D) distance
	20m(12BSs per 120m x50m)
	500m
	200m

	SBFD subband and slot configuration
	XXXXU, where X denotes SBFD slot.
For SBFD slot, {DUD} pattern is assumed with < ND, NU, NG > = <104, 55, 5>

	PRACH Format
	Format B4 (3RB)
	Format 0 (12RB)
	Format 0 (12RB)

	msg1-FDM
	1
	1
	1

	Frequency location of RO
	In the centre of the UL subband.

	Open loop power control for PUSCH
	P0 = -60dBm, alpha = 0.6
	P0 = -80dBm, alpha = 0.8
	P0 = -80dBm, alpha = 0.8

	preambleReceivedTargetPower (NOTE 1)
	, wherein, 
·  = -86dBm for Indoor office, and -100dBm for Urban Macro and Dense Urban Macro layer.
· [0dB, 20dB, 40dB]

	Average usage probability of RO 
	[2%, 20%]

	PRACH transmission probability per UE for a RO  (NOTE 2)
	, where  is the UE number per cell

	Legacy UE: UE distribution 
	-
	(Baseline): UE clustering distribution with M=20, X=2
	(Baseline): UE clustering distribution with M=20, X=2

	BS antenna configuration for SBFD
	Twice area&same TxRUs (higher priority): SBFD antenna configuration Option 2

	Legacy UE: DL/UL traffic assignment for the same UE
	Each UE is assigned both UL traffic and DL traffic.

	DL/UL FTP packet size
	(big packet) 0.5Mbyte for DL and 0.125 Mbytes for UL

	DL/UL traffic load for legacy TDD
	{DL:UL}={Low, Low}, {Medium, Medium}, {High, High}

	UE-UE Channel model
	Large scale fading only

	NOTE 1: 	The PRACH transmission power is , wherein,  is configured by preambleReceivedTargetPower.
NOTE 2: 	For each RO, each UE may transmit a PRACH with a probability . 



7.2 SLS evaluation results for CLI impact caused by PRACH
Indoor Office (FR1)
The DL Average-UPT loss due to PRACH CLI under Indoor Office scenario for FR1 is summarized in Table 2 and Figure 5, wherein,  and  are the average usage probability of RO and the PRACH power offset, respectively, as shown in Table 2. It is observed that:
· For <>=<20%, 40dB>, the mean DL Average-UPT loss due to PRACH CLI is about -3.99%~-4.67% at low load level, medium load level and high load level. In the other cases, the mean DL Average-UPT loss due to PRACH CLI is negligible.
· There are some fluctuations for 5% DL Average-UPT especially at high load level due to the randomness in SLS, which may be better or worse than the baseline (i.e., SBFD without PRACH CLI).
Table 2. DL Average-UPT loss due to PRACH CLI for Indoor Office (FR1)
	<>
	Low load
	Medium load
	High load

	
	5%
	50%
	95%
	mean
	5%
	50%
	95%
	mean
	5%
	50%
	95%
	mean

	<2%, 0dB>
	0.00%
	0.06%
	0.00%
	-0.08%
	-0.03%
	0.33%
	-0.32%
	0.00%
	6.24%
	-0.98%
	-1.35%
	0.26%

	<2%, 20dB>
	0.58%
	0.00%
	0.00%
	-0.03%
	-1.70%
	0.69%
	-0.55%
	-0.15%
	10.01%
	0.02%
	-0.22%
	-0.36%

	<2%, 40dB>
	-0.39%
	-0.26%
	0.00%
	-0.47%
	0.57%
	0.65%
	-0.88%
	-0.46%
	7.27%
	0.42%
	-0.79%
	-1.01%

	<20%, 0dB >
	0.18%
	0.09%
	0.00%
	-0.01%
	-0.07%
	0.29%
	-0.08%
	-0.03%
	12.38%
	-0.42%
	-2.13%
	-0.07%

	<20%, 20dB >
	0.58%
	-0.10%
	0.00%
	-0.25%
	0.34%
	-0.05%
	-0.92%
	-0.28%
	11.90%
	1.49%
	-2.44%
	-0.85%

	<20%, 40dB >
	-4.94%
	-5.07%
	-1.14%
	-4.25%
	-8.81%
	-4.45%
	-3.51%
	-4.67%
	-2.86%
	-4.88%
	-3.91%
	-3.99%



[image: ]
Figure 5 Mean DL Average-UPT loss due to PRACH CLI for Indoor Office (FR1)

Urban Macro (FR1)
The DL Average-UPT loss due to PRACH CLI under Urban Macro scenario for FR1 is summarized in Table 3 and Figure 6. It is observed that:
· For <>=<20%, 20dB> and <20%, 40dB> at high load level, the mean DL Average-UPT loss due to PRACH CLI is about -4.15%~-4.77%. In the other cases, the mean DL Average-UPT loss due to PRACH CLI is negligible.
· There are some fluctuations for 5% DL Average-UPT due to the randomness in SLS, which may be better or worse than the baseline.
Table 3. DL Average-UPT loss due to PRACH CLI for Urban Macro (FR1)
	<>
	Low load
	Medium load
	High load

	
	5%
	50%
	95%
	mean
	5%
	50%
	95%
	mean
	5%
	50%
	95%
	mean

	<2%, 0dB>
	4.25%
	-0.26%
	-0.23%
	0.27%
	2.50%
	1.56%
	-0.71%
	0.22%
	-4.72%
	1.52%
	-1.36%
	-0.69%

	<2%, 20dB>
	3.79%
	0.32%
	-0.23%
	0.04%
	4.86%
	0.83%
	-0.19%
	-1.04%
	1.53%
	0.39%
	-0.92%
	-0.76%

	<2%, 40dB>
	1.79%
	0.29%
	-0.23%
	0.29%
	1.21%
	0.92%
	3.35%
	0.54%
	-7.39%
	0.27%
	-0.28%
	-1.57%

	<20%, 0dB >
	0.14%
	-0.08%
	-0.61%
	-1.14%
	2.39%
	-2.82%
	-0.07%
	-2.26%
	1.95%
	-0.68%
	-4.93%
	-2.58%

	<20%, 20dB >
	3.39%
	-1.35%
	-0.61%
	-1.17%
	-2.94%
	-3.40%
	-1.76%
	-2.54%
	5.75%
	-2.91%
	-5.77%
	-4.77%

	<20%, 40dB >
	-2.60%
	0.06%
	-0.61%
	-0.96%
	-6.33%
	-2.00%
	-1.26%
	-2.45%
	-4.08%
	-3.05%
	-3.96%
	-4.15%



[image: ]
Figure 6 Mean DL Average-UPT loss due to PRACH CLI for Urban Macro (FR1)

Dense Urban Macro layer (FR1)
The DL Average-UPT loss due to PRACH CLI under Dense Urban Macro layer scenario for FR1 is summarized in Table 4 and Figure 7. It is observed that:
· For <>=<20%, 40dB>, the mean DL Average-UPT loss due to PRACH CLI is -5.17% at low high level. In the other cases, the mean DL Average-UPT loss due to PRACH CLI is negligible.
· There are some fluctuations for 5% DL Average-UPT due to the randomness in SLS, which may be better or worse than the baseline.
Table 4. DL Average-UPT loss due to PRACH CLI for Dense Urban Macro layer (FR1)
	<>
	Low load
	Medium load
	High load

	
	5%
	50%
	95%
	mean
	5%
	50%
	95%
	mean
	5%
	50%
	95%
	mean

	<2%, 0dB>
	0.00%
	0.00%
	0.00%
	-0.04%
	-1.71%
	-0.04%
	-0.01%
	-0.09%
	-1.65%
	-0.42%
	0.72%
	0.50%

	<2%, 20dB>
	-0.33%
	0.00%
	0.00%
	-0.13%
	-0.40%
	0.94%
	-0.84%
	-0.02%
	-2.48%
	-0.38%
	-1.46%
	0.53%

	<2%, 40dB>
	0.00%
	0.00%
	0.00%
	-0.18%
	1.52%
	1.00%
	-0.74%
	-0.18%
	-1.77%
	-1.48%
	-2.40%
	-1.19%

	<20%, 0dB >
	0.00%
	0.00%
	0.00%
	-0.33%
	-2.31%
	-0.19%
	0.04%
	-0.55%
	-2.04%
	-1.58%
	0.41%
	0.17%

	<20%, 20dB >
	-1.31%
	-0.28%
	0.00%
	-1.00%
	-1.94%
	-0.79%
	-1.73%
	-1.52%
	-10.41%
	-4.71%
	-2.10%
	-3.31%

	<20%, 40dB >
	-1.73%
	-0.69%
	0.00%
	-1.07%
	-2.88%
	-1.80%
	-1.41%
	-2.16%
	-7.67%
	-5.22%
	-5.02%
	-5.17%
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Figure 7 Mean DL Average-UPT loss due to PRACH CLI for Dense Urban Macro layer (FR1)
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