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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#116, following agreements and conclusions are reached.
	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.

Conclusion
No new PRACH format is introduced in Rel-19 duplex WI.
Agreement
For random access operation for SBFD-aware UEs in RRC CONNECTED state, at least consider the following options:
· Option 1: Use one single RACH configuration with possible enhancement
· The ROs within UL subband in SBFD symbols can be valid for SBFD-aware UE
· FFS: Further details
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration
· The ROs within UL subband in SBFD symbols configured by the additional RACH configuration can be valid for SBFD-aware UE
· FFS: Further details

Agreement
For SBFD aware UEs in RRC CONNECTED state, support Type-1 random access procedure (4-step RACH) in SBFD symbols.
· FFS Type-2 random access procedure (2-step RACH)


Conclusion
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following:
· The benefits include at least one or more of the following:
· reduced random access latency
· reduced PRACH collision probability or allowing more contiguous frequency resources for PUSCH in UL slots
· improved coverage of PRACH with sparse UL resources
· increased cell range of PRACH with sparse UL resources
· PRACH transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI (similar to the case of RRC connected mode UEs) for some deployment scenarios. Initial studies based on two companies’ evaluation results, the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenario and Urban Macro scenario.
Agreement
For SBFD aware UEs in RRC CONNECTED state, at least PRACH without repetition is supported in SBFD symbols.
· FFS PRACH repetition in SBFD symbols.
· FFS PRACH repetition across SBFD symbols and non-SBFDs symbols.
Agreement
For SBFD-aware UEs in RRC CONNECTED state, further study the following two options:
· Option 1: a valid RO can only be on SBFD symbols or on non-SBFD symbols
· a configured RO across SBFD and non-SBFD symbols in the same slot or across slots is invalid
· Option 2: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots
RAN1 to leverage the study in Rel-18 as baseline.

Agreement
For SBFD-aware UEs in RRC CONNECTED state, at least further study whether/how to enable Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols taking into account the following aspects:
· Msg2[/Msg4 PDSCH] reception in DL subband(s)
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] frequency resource allocation and frequency hopping
· Msg3 repetition
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] power control
· FFS whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.



According to the chairman’s suggestion, at least the following issues will be discussed in this meeting:
· Whether to support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode
· Details of the two options for configuring ROs for SBFD aware UEs in RRC CONNECTED mode, including RO validation rules, SSB-RO mapping rules, whether/how to allow SBFD aware UE and non-SBFD aware UE to use different PRACH preamble formats.
· Whether/how to support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
· Whether/how to enhance the existing random access configuration tables for unpaired spectrum
· Whether/how to support PRACH repetition
In this contribution, we provide analysis and proposals on these issues. 
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, the 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, the 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.
Besides Msg1, NR also supports Msg3 repetitions and Msg4 PUCCH repetitions. The number of Msg3 repetitions is indicated in the RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI and the physical resources for each repetition are the same with PUSCH repetition type A based on available slot counting. The number of slots for Msg4 PUCCH repetitions is indicated by the DAI field in the DCI format 1_0 with CRC scrambled by TC-RNTI if more than one number of repetitions are configured.
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 to 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. 
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 to at least consider two options for PRACH random access operation for SBFD-aware UEs, as listed in section 1. 
Regarding Option 1 of using single RACH configuration for SBFD aware UEs, if here the single RACH configuration is the legacy RACH configuration, the legacy ROs should be configured at least partially within the UL subband in order to have valid ROs in the SBFD symbols for SBFD aware UEs usage. This puts some restrictions on the legacy PRACH resource allocation. This problem could be solved by configuring an RB offset for the starting RB of ROs in SBFD symbol, which is relative to the legacy ROs, so that the ROs in SBFD symbols can be within the UL subband.
Regarding Option 2 of using separate PRACH configurations including one legacy RACH configuration and one additional RACH configuration, the flexibility of legacy RO allocations is not impacted, and it also allows flexible RO configurations in the UL subband. To reduce configuration overhead for the additional RACH configuration, it can be considered to reuse the configurations in the legacy RACH configuration, such as PRACH format, or the time/frequency domain resource allocation, etc. Details can be FFS.
For SBFD-aware UEs, if two separate RACH configurations are provided, both configurations could be valid to guarantee better PRACH transmission performance.
Proposal 1: Two separate RACH configurations could be provided for SBFD aware UEs, including one legacy RACH configuration and one additional RACH configuration. (Option 2)
As for whether/how to enhance the existing random access configuration tables for unpaired spectrum, we think the existing random access configuration tables are enough as it has some configurations that allocates RO in DL slots.
Proposal 2: Enhancement on the existing random access configuration tables for unpaired spectrum is not needed.
With the determined separate ROs in the UL subband, the SSB to RO mapping could be either separately or jointly performed for the ROs determined in the SBFD symbols and non-SBFD symbols. For separate SSB to RO mapping, although the legacy SSB to RO mapping rule could be reused, the drawback is that UE should maintain two mapping relationships for SBFD symbol and non-SBFD respectively, which would increase the implementation complexity. For joint SSB to RO mapping, backward compatibility should be guaranteed for the non-SBFD aware UEs when design the mapping rules. 
Proposal 3: The SSB to RO association could be either separately or jointly performed for the valid ROs determined in the SBFD symbols and non-SBFD symbols.
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 although it has less spec effort. 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. As for how to determine the RO groups for PRACH repetition, the legacy determination method could be reused as a base line.
Proposal 4: 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 5: 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 6: 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 6: 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 7: 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: Two separate RACH configurations could be provided for SBFD aware UEs, including one legacy RACH configuration and one additional RACH configuration. (Option 2)
Proposal 2: Enhancement on the existing random access configuration tables for unpaired spectrum is not needed.
Proposal 3: The SSB to RO association could be either separately or jointly performed for the valid ROs determined in the SBFD symbols and non-SBFD symbols.
Proposal 4: PRACH repetitions across valid ROs in SBFD symbols and non-SBFD symbols should be supported. 
Proposal 5: Separate power control parameters are supported for PRACH transmission in SBFD symbols and non-SBFD symbols.
Proposal 6: The discussion on whether/how to support type 2 random access procedure in SBFD symbol could be postponed.
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 7: 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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