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1       Introduction 
At RAN#102, a new work item[1] was approved including the support of random access in SBFD symbols for UEs in RRC_CONNECTED mode and a study phase on SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access, as follows.
	· 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]


This document discusses aspects related to random access in SBFD symbols by UEs in RRC_CONNECTED mode and provides our views on SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access. Corresponding proposals are provided as well.
2       Discussions
2.1   SBFD random access for UEs in RRC_CONNECTED mode
2.1.1   Contention type
At RAN1#116[2], the support for Contention Based Random Access (CBRA) and Contention Free Random Access (CFRA) for SBFD aware UEs in RRC CONNECTED mode was extensively discussed, and the following working assumption was made.    
	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.


Legacy UEs support both CBRA and CFRA in RRC CONNECTED mode. There is no reason to restrict the SBFD aware UEs in RRC CONNECTED mode to support CFRA only in SBFD symbols, especially considering the extra standardization effort to support both would be quite limited. Furthermore, a unified design can be leveraged if random access for SBFD aware UEs in RRC IDLE mode in SBFD symbols is supported.
Proposal 1: Confirm the working assumption, i.e., CBRA and CFRA in SBFD symbols for SBFD aware UE in RRC CONNECTED mode are both supported.
2.1.1   PRACH configuration
At RAN1#116 [2], the following agreement was made for the PRACH configuration for SBFD aware UEs in RRC CONNECTED state.
	[bookmark: _Hlk162355977]Agreement
[bookmark: _Hlk162532153]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


Option 1 uses one single PRACH configuration to indicate PRACH occasions (ROs) in both SBFD and non-SBFD symbols. Option 2 introduces an additional PRACH configuration to indicate ROs in SBFD symbols. Compared to Option 2, Option 1 incurs less signalling overhead and has less specification impact. Additionally, even when an additional RACH configuration is configured dedicatedly for SBFD aware UEs in SBFD symbols, the legacy RACH configuration still applies at least in non-SBFD symbols. The legacy RACH configuration could also serve as fallback if the additional RACH configuration is not provided. In this sense, one single RACH configuration for SBFD aware UEs should be supported as baseline.
Proposal 2: One single PRACH configuration for SBFD aware UEs in RRC CONNECTED state is supported as baseline.
Regarding whether to enhance the existing random access configuration tables for unpaired spectrum, the current spec includes a large number of PRACH configurations in the random access configuration tables, providing considerable flexibility. Although the random access configuration tables are not optimized for SBFD operation, it can still be reused by including the ROs located in UL subband in SBFD symbols. Whether new entries are needed for SBFD operation may largely depend on the pattern of SBFD symbols that can be configured. 
Proposal 3: The existing entries in the legacy random access configuration tables are applicable for ROs in SBFD symbols.
2.1.2   valid RO
At RAN1#116 [2], the following agreement for valid RO was reached.  
	Agreement
For SBFD aware UEs in RRC CONNECTED state, further study the following two options:
· Option 1: a valid RO can only be in SBFD symbols or in 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.


ROs within UL subband in SBFD symbols can be considered valid to support random access in SBFD symbols. In addition, the position of the RO within the UL subband also needs to be considered because higher interference is expected on the boundary RBs in the UL subband even given the existence of guardband. An example is shown in Figure 1. In this example, RO2 is closer to the boundary of the UL subband, resulting in reception failure with higher probability for PRACH in RO2 than in RO1. In light of this, the frequency position of an RO within UL subband in SBFD symbols needs to be considered for determining validity of the RO.
Proposal 4: The frequency position of an RO within UL subband in SBFD symbols is considered for determining validity of the RO.


Figure 1 An example for RO frequency positions in UL subband in SBFD symbols
RAN1 also needs to discuss whether the transition delay between SBFD and non-SBFD symbols will affect the validity of ROs. The existing design considers the downlink-uplink switching gap when determining valid ROs, mainly reflected in the parameter , whose value is dependent on the subcarrier spacing for random access. Similarly, for SBFD aware UEs, only the ROs that meet the transition delay requirement between SBFD and non-SBFD symbols should be considered valid if the transition time between SBFD and non-SBFD symbols is not negligible. 
Proposal 5: RAN1 to discuss whether the transition delay between SBFD and non-SBFD symbols will affect the RO validation in SBFD symbols.
At last meeting, the following agreement was made for SBFD symbol configuration.  
	Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details


According to this agreement, there can be 12 SBFD configuration patterns as shown below in Figure 2 when only one TDD-UL-DL pattern is applied. Different SBFD configuration patterns may lead to different numbers of downlink-uplink switching points. The impact of transition delay between SBFD and non-SBFD symbols on RO validation may also differ for different SBFD configuration patterns. RAN1 needs to discuss the determination of valid RO under different SBFD configuration patterns.
Proposal 6: RAN1 to discuss the impact of SBFD configuration pattern on the determination of valid ROs in SBFD symbols.


Figure 2 SBFD configuration patterns for one TDD-UL-DL pattern
2.1.3   SSB-RO mapping
At RAN1#116 meeting [2], the SSB-RO mapping rules for configuring ROs for SBFD aware UEs in RRC CONNECTED mode were also discussed and the following guidance was provided.
	For future meetings:
In RAN1#116bis meeting, at least the following issues will be discussed:
· 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.



The interference encountered by the ROs in SBFD symbols is expected to be much higher than those in non-SBFD symbols. If SBFD aware UEs are restricted to use ROs in SBFD symbols only, the probability of random access failure or the latency for the SBFD aware UEs would be significantly increased. Therefore, we support ROs in non-SBFD symbols can be used by SBFD aware UEs.  If random access initiated on ROs in SBFD symbols fails multiple times, e.g., due to intense interference, SBFD aware UEs can opt to initiate random access on ROs in non-SBFD symbols, thereby increasing the probability of successful random access.
Proposal 7: Support that ROs in non-SBFD symbols can be used for SBFD aware UEs.
Considering the limitation of analog beams, it is simple to adopt separate SSB-RO mapping between ROs in SBFD symbols and ROs in non-SBFD symbols, which is hence preferred.
Proposal 8: Support separate SSB-RO mapping between ROs in SBFD symbols and ROs in non-SBFD symbols.
2.1.4   PRACH power control
At RAN1#116 meeting [2], the guidance on separate PRACH power control parameters in SBFD symbols and non-SBFD symbols was made, as follows.
	For future meetings:
In RAN1#116bis meeting, at least the following issues will be discussed:
· Whether/how to support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.


ROs in SBFD symbols and non-SBFD symbols may face different interference environments due to CLI and self-interference. Moreover, gNB may use a different beam/panel to receive the PRACH in SBFD symbols from the transmissions in non-SBFD symbols. In this sense, separate configurations of PRACH power control parameters (e.g., preambleReceivedTargetPower and powerRampingStep) in SBFD symbols and non-SBFD symbols should be supported. Moreover, UE can initiate an RA retransmission when a random access procedure is failed. The RA retransmission can occur in SBFD symbols or in non-SBFD symbols depending on the availability of ROs. PRACH power control parameters adopted by the RA retransmission can be determined based on the RO symbol type (i.e., SBFD symbol or non-SBFD symbol). The power ramping counter can be separately counted or jointly counted, upon which more discussions are needed.
Proposal 9: Support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
2.1.5   Msg1 repetition and Msg3 repetition
At RAN1#116 meeting [2], PRACH repetition and Msg3 repetition were discussed, and the following agreements were achieved.
	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.
· [bookmark: _Hlk161322114]FFS PRACH repetition across SBFD symbols and non-SBFDs symbols.
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:
· Msg3 repetition


PRACH repetition was introduced in Rel-18 for coverage enhancement, which is also one of the targets for SBFD. The support of PRACH repetition in SBFD symbols can provide more flexibility to optimize the coverage performance. For the same reason, Msg3 repetition in SBFD symbols is also beneficial for coverage optimization. Therefore, both PRACH repetition and Msg3 repetition in SBFD symbols should be supported. In Rel-18, multiple PRACH transmissions with different Tx beams were discussed while no consensus was achieved in the end. As gNB may have to use different beams/panels to receive PRACH in SBFD and non-SBFD symbols, PRACH repetition across SBFD symbols and non-SBFDs symbols may require the UE to transmit the PRACH repetition with different TX beams as well. We doubt there is sufficient TU to reopen the discussion on PRACH transmissions with different Tx beams. 
Proposal 10: Support PRACH/Msg3 repetition in SBFD symbols while PRACH repetition cannot be across SBFD symbols and non-SBFDs symbols in Rel-19.
2.1.6   Spatial relationship
In legacy systems, implicit spatial relationships are defined for the contention-free random access procedure, e.g., the QCL properties of Msg 2/MsgB PDCCH/PDSCH may follow the SSB or CSI-RS resource used for RACH association or follow the DMRS of PDCCH order that triggers the random access procedure. 
For SBFD aware UEs supporting RA in SBFD symbols, this kind of implicit spatial relationship may need to be re-examined, because different beams/panels may be used in SBFD symbols and non-SBFD symbols. The performance of random access could be seriously degraded if a mismatched spatial setting is used by Msg 2/MsgB transmission.
Proposal 11: RAN1 to discuss solutions to address the problem of mismatched spatial setting when a Msg2/MsgB transmission and its spatially associated SSB/CSI-RS/PDCCH order are of different symbol types (SBFD symbol vs non-SBFD symbol).
2.1.7   2-step RA enhancement
Type-2 random access procedure (a.k.a 2-step RACH) was introduced in Rel-16 and it is still open whether to support type-2 random access procedure in SBFD symbols according to the following agreements reached at RAN1#116 meeting [2].
	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)


2-step random access procedure has the benefits of low latency and small signaling overhead. SBFD operations can enjoy these benefits if 2-step RACH is also supported in SBFD symbols. On the other hand, there may be not sufficient spare time to work on it considering the limited TU allocated for the WI.
Proposal 12: 2-step random access in SBFD symbols can be considered if the TU allocation is permitted. 
2.2   SBFD random access for RRC_ IDLE/INACTIVE UEs
At last meeting, the pros and cons of PRACH transmission in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode were discussed and the following conclusion was drawn: 
	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.


Considering the prominent benefits, it is worthwhile to support PRACH transmission in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode. The cons may not be a big problem as the SBFD-aware UEs can still use the legacy ROs in the non-SBFD symbols as aforementioned. Furthermore, as both CBRA and CFRA are expected to be supported in SBFD symbols for UEs in RRC CONNECTED mode, there would be quite limited extra standardization work to support PRACH transmission in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode.
Proposal 13: Support PRACH transmission in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode.
3       Conclusions
Several aspects on SBFD random access operation are discussed in this contribution and the following proposals are provided correspondingly:
Proposal 1: Confirm the working assumption, i.e., CBRA and CFRA in SBFD symbols for SBFD aware UE in RRC CONNECTED mode are both supported.
Proposal 2: One single PRACH configuration for SBFD aware UEs in RRC CONNECTED state is supported as baseline.
Proposal 3: The existing entries in the legacy random access configuration tables are applicable for ROs in SBFD symbols.
Proposal 4: The frequency position of an RO within UL subband in SBFD symbols is considered for determining validity of the RO.
Proposal 5: RAN1 to discuss whether the transition delay between SBFD and non-SBFD symbols will affect the RO validation in SBFD symbols.
Proposal 6: RAN1 to discuss the impact of SBFD configuration pattern on the determination of valid ROs in SBFD symbols.
Proposal 7: Support that ROs in non-SBFD symbols can be used for SBFD aware UEs.
Proposal 8: Support separate SSB-RO mapping between ROs in SBFD symbols and ROs in non-SBFD symbols.
Proposal 9: Support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
Proposal 10: Support PRACH/Msg3 repetition in SBFD symbols while PRACH repetition cannot be across SBFD symbols and non-SBFDs symbols in Rel-19.
Proposal 11: RAN1 to discuss solutions to address the problem of mismatched spatial setting when a Msg2/MsgB transmission and its spatially associated SSB/CSI-RS/PDCCH order are of different symbol types (SBFD symbol vs non-SBFD symbol).
Proposal 12: 2-step random access in SBFD symbols can be considered if the TU allocation is permitted. 
Proposal 13: Support PRACH transmission in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode.
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