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Introduction
In RAN#102, a new work item “Evolution of NR duplex operation: Sub-band full duplex (SBFD)” was agreed [1]. The objectives of the work item for random access procedure are the following:
	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work



And in RAN1#116bis, following agreements and conclusions are reached.
	Agreement
Confirm the working assumption:
Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, consider the following alternatives to derive the time and frequency resources of the configured ROs in SBFD symbols. 
· Alt 1-1: only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). 
· FFS the details
· FFS: Alt 1-2: based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon) and newly introduced parameter(s). 
Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, no separate prach-ConfigurationIndex to be configured in this option.
Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, use existing random access configurations tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2 in TS38.211).

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

Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, down-select (in RAN1#117) from the following alternatives:
· Alt 2-3: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
· FFS: The case where the additional-ROs partially overlap with non-SBFD symbols 
· Alt 2-4: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs.
For the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs.
Agreement
For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration),
· For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used

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

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



In this contribution, we provide further analysis and proposals on the SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode, and also discuss the necessity of SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access. 
Discussion 
In 5G NR system, random access procedure is used by both RRC CONNECTED UEs and RRC IDLE/INACTIVE UEs for various purposes. ROs are configured in the initial UL BWP and can be configured in an active UL BWP for the UEs to perform random access procedure. The UE determines valid ROs from the configured ROs and associates the valid ROs with the transmitted SSBs. When a RACH procedure starts, UE transmits the preambles in an RO that is associated with an SSB, which corresponds to good channel quality. 
Based on the measured channel quality and RACH resource configurations, UE may decide whether to use PRACH transmission with repetitions. PRACH repetition was introduced in Rel-18 coverage enhancement. The repetitions are transmitted in a group of ROs, and ROs in the group should use same frequency domain resource, be continuous in time domain, and are associated with a same SSB.
2.1 Discussion on SBFD operation to support random access in RRC CONNECTED mode.
[bookmark: OLE_LINK27]For random access for SBFD aware UEs in RRC CONNECTED mode, it should be allowed for the UEs to receive Msg2/Msg4 and transmit Msg3 in the SBFD symbols. UEs’ transmission or reception behavior (either with or without repetitions) should be similar to other DL/UL channels/signals in SBFD symbols as much as possible. Besides, it has been agreed to make the progress for enabling Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols in accordance with the discussion in AI 9.3.1. So, in this contribution, we will focus on Msg 1 transmission in the UL subband. This is beneficial in terms of latency reduction for random access. 
[bookmark: OLE_LINK2]The SBFD aware UEs should be provided with configurations to determine valid ROs in UL subband in the SBFD symbols. The configurations may include e.g., PRACH slot configuration, time domain resource and frequency domain resource of the ROs. It has been agreed as a working assumption that both RACH configuration Option 1 with Alt 1-1 and RACH configuration Option 2 are supported. But most details are FFS. To move forward, we support to confirm the working assumption.
Proposal 1: Confirm the following working assumption as agreement. 
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.
Regarding Option 1 with Alt 1-1, we think there is no needed to reinterpret msg1-FrequencyStart in rach-ConfigCommon. The intention of the reinterpretation is to guarantee the configured ROs to be in UL usable RBs for SBFD symbols configured as DL. However, even with the interpretation, there would be ROs outside the UL usable RBs still. Then the RO validation rule should be used further to determine the valid ROs. Considering there is already an agreement on the RO validation for SBFD symbol configured as flexible and DL, we think the simplest way is to use the RO validation rules directly without any interpretation on the msg1-FrequencyStart. Thus, for ROs in SBFD symbols configured as flexible, the legacy RO validation rule is used directly, which guarantees the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs, no further enhancement is needed. For ROs in SBFD symbols configured as DL, only the ROs with the time and frequency resource fully within UL usable PRBs and not overlapped with SSB are valid. No other conditions are needed.
Proposal 2: For option 1 with Alt 1-1, there is no needed to reinterpret msg1-FrequencyStart in rach-ConfigCommon.
[bookmark: OLE_LINK6]For option 1, there is one FFS “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)”. From our perspective, we don’t support such restriction since it imposes a burden on the network flexibility for planning RACH resources. If the ROs are allocated outside of UL subband in the SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, these symbols are simply treated as invalid SBFD symbols, i.e., not available for SBFD, since it violates the principle of operations in SBFD symbol that “UL transmissions outside UL usable PRBs are not allowed”. 
Proposal 2: No restrictions on the RO frequency allocations should be introduced.
[bookmark: OLE_LINK1]Proposal 3: If legacy ROs are configured in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, and if the ROs are configured outside of UL subband, these symbols are available for SBFD. 
Regarding Option 2, random access configurations table should be determined firstly. For simplicity and less overhead, we think Alt 1, i.e., using existing random access configurations table for unpaired spectrum should be supported for both FR1 and FR2. To reduce configuration overhead for the additional RACH configuration, it can be considered to reuse the configurations in the legacy RACH configuration, such as the frequency domain resource allocation, thus a frequency offset between the starting ROs of legacy configuration and new configuration could be configured to guarantee the RO being located in UL usable PRBs.
Proposal 4: For option 2 (i.e., use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), 
· for both FR1 and FR2, use existing random access configurations table for unpaired spectrum for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration.(Alt 1)
· only part parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, and some additional parameter such as a frequency offset between the starting ROs of legacy configuration and new configuration could be configured.
If an additional parameter is provided as option 2, one thing should be determined is whether the additional ROs in non-SBFD symbols configured by additional RACH configuration are valid for SBFD-aware UEs. Considering that the intention to introduce an additional configuration is to configure ROs in SBFD symbol, additional ROs in non-SBFD symbols for SBFD-aware UEs are unnecessary and even would cause more problems, such as how to handle the overlapping between additional-ROs and legacy ROs in non-SBFD symbol. Therefore, we don’t support Alt 2-4. 
Proposal 5: For option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), the additional ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs. (Alt 2-3)
In SBFD symbol configured with DL, naturally only the RO configured by additional configuration should be used. As for how to determine the valid RO, it could be same as option 1 with Alt 1-1 for unified design. 
But in SBFD symbol configured with flexible, there would be legacy ROs and additional ROs, even if the validation method for option 1 with Alt 1-1 is used, there would be a case that the legacy valid ROs would be overlapped with additional valid ROs in SBFD symbol configured with flexible, then how to handle the collision should be discussed. Many options could be used, for example, only the legacy valid ROs configured by legacy configuration are valid in SBFD symbol configured with flexible, if any, otherwise, the ROs configured by additional ROs are valid if they meet the legacy validation rules. Or, if an additional valid RO is overlapped with legacy valid RO, then it is invalid. Or, it is up to gNB’s implementation to guarantee the valid legacy RO and additional valid RO would not be overlapped with each other in flexible symbol.
Proposal 6: For option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration),
· RO validation rule  for the additional configuration is same as the one for option 1 with Alt 1-1.
· FFS: how to handle the collision between legacy valid ROs and additional valid ROs.
Besides, SSB to RO mapping rule could also be similar to option 1 with Alt 1-1 for unified design, thus, for the legacy-ROs, including the ROs in non-SBFD symbols and the legacy ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed. For the additional ROs in SBFD symbols, separate SSB-RO mapping could be used.
Proposal 7: For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration),
· For the legacy-ROs, including the ROs configured by legacy configuration in non-SBFD symbols and the ROs configured by the additional ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the additional ROs in SBFD symbols, separate SSB-RO mapping will be used.

It has been agreed that, for SBFD aware UEs in RRC CONNECTED state, at least PRACH without repetition is supported in SBFD symbols. And PRACH repetition in SBFD symbols and PRACH repetition across SBFD symbols and non-SBFDs symbols are FFS. 
As mentioned in the objectives, enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots are supported in Rel-19, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols. Considering that PRACH repetition has been introduced in Rel-18, and PRACH repetition across SBFD symbols and non-SBFD symbols in different slots could reduce the latency, we think the PRACH repetition across SBFD symbol and non-SBFD symbol should also be supported in Rel-19. As for PRACH repetition only limited in SBFD symbols, it would increase the PRACH transmission latency. And this limitation is not needed considering if PRACH repetition across SBFD symbols and non-SBFDs symbols are supported, there would be a case that the determined PRACH resources for PRACH repetition only occur in SBFD symbols. Even if with the limitation, there still would be some enhancements needed. For example, for SBFD symbol configured as flexible, there could be some valid ROs for SBFD aware UE are also valid for non-SBFD UE, whether SBFD aware UE could use these ROs for repetition should also be discussed carefully. So, we think PRACH repetitions across valid ROs in SBFD symbols and non-SBFD symbols should be supported. As for how to determine the RO groups for PRACH repetition, the legacy determination method could be reused as a base line.
Proposal 8: PRACH repetitions across valid ROs in SBFD symbols and non-SBFD symbols should be supported. 
[bookmark: _Hlk89077405]Given that the PRACH may undergo different interference level in the ROs in SBFD symbols and non-SBFD symbols and given that potential different PRACH formats may be configured for the ROs, separate power control parameters for the PRACH transmissions in SBFD symbols and non-SBFD symbols are supported. For example, a separate power ramping step can be configured, which is used to determine the transmission power of PRACH in SBFD symbols. Furthermore, if allowing PRACH transmission in both SBFD symbols and non-SBFD symbols, it should consider how to perform power ramping for the cases of first transmission in SBFD symbols and retransmission in non-SBFD symbols and vice versa. 
Proposal 9: Separate power control parameters are supported for PRACH transmission in SBFD symbols and non-SBFD symbols.
It has been discussed in last meeting on whether type 2 random access procedure should be supported in SBFD symbols. We think this discussion could be postponed until the discussion on Type-1 random access procedure and sub-band full duplex operations in 9.3.1 are finished. We are open to support type 2 random access in SBFD symbols if clear benefits can be obtained. 
[bookmark: OLE_LINK161]Proposal 10: The discussion on whether/how to support type 2 random access procedure in SBFD symbol could be postponed.
2.2 Discussion on SBFD operation to support random access in RRC_IDLE/INACTIVE mode
There is a conclusion listing some benefits if PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, which could be shown in section 1. With such identified benefits in RAN1, we think random access in UL subband for SBFD-aware UEs in RRC_IDLE/INACTIVE mode should be supported in Rel-19. This requires the UL subband to be configured in the system information. It is noted here RAN1 has already agreed that at least cell-specific configuration on time and frequency (working assumption) location of SBFD subbands is supported within a TDD carrier. 
Proposal 11: Random access in UL subband for SBFD-aware UEs in RRC_IDLE/INACTIVE mode should be supported in Rel-19. 
One of the main challenges of allowing random access (RA) in SBFD UL subband for SBFD-aware UEs is the potential increase in the inter-UE CLI. This comes mainly due to the random nature of Msg.1 preamble transmission, i.e., the UE decides, based on its own need, when and how to transmit the Msg.1 preamble. Nonetheless, the selection space of when and how the UE transmits the Msg.1 preamble is under the control of network. For example, the network controls the time and the frequency locations of the valid ROs, the uplink power limit of Msg.1 preamble, etc. These aspects can still be used by network to limit the inter-UE CLI impact, although only to a certain degree. Note that, since the inter-UE CLI strength depends on the distance between UEs, it can be expected that the inter-UE CLI strength and impact is larger in hotspot areas than otherwise. The location of hotspot areas, in some scenarios, are known to the network, e.g., a shopping mall, while in some other scenarios, it can be predicted by the network, e.g., from location of scheduled UEs. Such information can be utilized by the network to limit the impact of inter-UE CLI. For example, if the network knows that SSB#0 is providing coverage to a hotspot area, it can impose restrictive conditions/thresholds on SBFD-aware UEs performing RA procedure via SSB#0. Differently, the network can impose relaxed conditions/thresholds on SBFD-aware UEs performing RA procedure via SSB#1, if the network knows that SSB#1 is providing coverage to a non-hotspot area. 
[bookmark: _Hlk163008910]Observation 1: Some side-information at network, like location of hotspot areas can be utilized to obtain more efficient RA configurations in SBFD UL subband and limit impact of inter-UE CLI. 
Proposal 12: RAN1 to discuss solutions to limit impact of inter-UE CLI, if it is agreed to allow RA operations in SBFD UL subband. 
Conclusion
In summary, we have following observations and proposals for SBFD random access operation:
Proposal 1: Confirm the following working assumption as agreement. 
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.
Proposal 2: For option 1 with Alt 1-1, There is no needed to reinterpret msg1-FrequencyStart in rach-ConfigCommon.Proposal 2: No restrictions on the RO frequency allocations should be introduced.
Proposal 3: If legacy ROs are configured in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, and if the ROs are configured outside of UL subband, these symbols are available for SBFD. 
Proposal 4: For option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), 
· for both FR1 and FR2, use existing random access configurations table for unpaired spectrum for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration.(Alt 1)
· only part parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, and some additional parameter such as a frequency offset between the starting ROs of legacy configuration and new configuration could be configured.
Proposal 5: For option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), the additional ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs. (Alt 2-3)
Proposal 6: For option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration),
· RO validation rule  for the additional configuration is same as the one for option 1 with Alt 1-1.
· FFS: how to handle the collision between legacy valid ROs and additional valid ROs.
Proposal 7: For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 2(i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration),
· For the legacy-ROs, including the ROs configured by legacy configuration in non-SBFD symbols and the ROs configured by the additional ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the additional ROs in SBFD symbols, separate SSB-RO mapping will be used.
Proposal 8: PRACH repetitions across valid ROs in SBFD symbols and non-SBFD symbols should be supported. 
Proposal 9: Separate power control parameters are supported for PRACH transmission in SBFD symbols and non-SBFD symbols.
Proposal 10: The discussion on whether/how to support type 2 random access procedure in SBFD symbol could be postponed.
Proposal 11: Random access in UL subband for SBFD-aware UEs in RRC_IDLE/INACTIVE mode should be supported in Rel-19. 
Observation 1: Some side-information at network, like location of hotspot areas can be utilized to obtain more efficient RA configurations in SBFD UL subband and limit impact of inter-UE CLI. 
Proposal 12: RAN1 to discuss solutions to limit impact of inter-UE CLI, if it is agreed to allow RA operations in SBFD UL subband. 
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