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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #116 meeting, SBFD random access operation in Rel.19 evolution of NR duplex operation was discussed. Some agreements were made as below [1].
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.

For future meetings
Companies to consider whether the existing random access configuration tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2) need to be enhanced.

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.

In this contribution, we further provide our considerations on SBFD random access operation.
2. Random access and SDT for SBFD
2.1 PRACH for SBFD
When semi-static SBFD time-frequency resource is configured by broadcast signaling such as SIB1, if RO for Type-1 random access procedure or MsgA RO and MsgA PUSCH for Type-2 random access procedure as shown in Figure 1 and Figure 2 are allowed to be configured in SBFD resource, for UE supporting SBFD operation, UL access delay is reduced due to the increased random access opportunities. 



 Figure 1. RO for Type-1 random access procedure in SBFD resource

 
[bookmark: _Ref131673404]Figure 2. MsgA RO and MsgA PUSCH for Type-2 random access procedure in SBFD resource

Proposal 1: MsgA RO and MsgA PUSCH for Type-2 random access procedure is supported to be configured in semi-static SBFD resource.
Regarding SSB and RO mapping rule, if supporting unified mapping SSB to RO in SBFD symbol and non-SBFD symbol, it potentially leads to different SSB to RP mapping relationship between SBFD-aware UE and SBFD-nonaware UE. It is a bit hard for gNB to determine SSB for transmitting RAR when gNB receives preamble in RO in non-SBFD symbol. So we should at least support mapping SSB to RO in SBFD symbol and SSB to RO in non-SBFD symbol separately.
Proposal 2: Mapping SSB to RO in SBFD symbol and SSB to RO in non-SBFD symbol separately should be supported.
If supporting unified mapping SSB to RO in SBFD symbol and non-SBFD symbol, dedicated preamble allocation for SBFD-aware UE should be considered.
Proposal 3: If supporting unified mapping SSB to RO in SBFD symbol and non-SBFD symbol, dedicated preamble allocation for SBFD-aware UE should be considered.

In terms of the agreement in RAN1#116, for unified configuration on PRACH as shown in Figure 3, from our perspective, we need support unified configuration on PRACH by RRC signalling. It is simple way to support frequency start offset for SBFD which is relative to the original PRACH frequency starting point. Frequency start offset for SBFD shown in figure 4 is used for determine frequency start of PRACH Occasion in SBFD.

 Figure 3. Unified RACH configuration for SBFD slot and non-SBFD slot



Figure 4. Frequency start offset for SBFD

Proposal 4: Unified configuration on PRACH by RRC signalling can be supported.
Proposal 5: Frequency start offset for SBFD which is relative to the original PRACH frequency starting point is supported for determining frequency start of PRACH Occasion in SBFD.

In terms of the agreement in RAN1#116, for separated configuration on PRACH as shown in Figure 5, from our perspective, we need support separated configuration on PRACH by RRC signalling. It is straightforward to support frequency start parameter for SBFD shown in Figure 6 which is used for determine frequency start of PRACH Occasion in SBFD.


 Figure 5. Separated RACH configuration for SBFD slot and non-SBFD slot



Figure 6. Frequency start parameter for SBFD

Proposal 6: Separated configuration on PRACH by RRC signalling can be supported.
Proposal 7: Frequency start parameter for SBFD is supported for determining frequency start of PRACH Occasion in SBFD.

2.2 SDT transmission in inactive mode
In inactive mode, gNB configures semi-static SBFD resource to the UE through RRC broadcast message/RRC dedicated signaling. If SDT PUSCH transmission resources is allocated within the SBFD resource and the SBFD resource is set to UL, UE can use PUSCH occasion in the SBFD to transmit small data. In addition, gNB dynamically schedules retransmission for SDT PUSCH transmission within the SBFD resource in order to reduce UL transmission delay as shown in Figure 7.


[bookmark: _Ref115096226]Figure 73. Scheduling UE to transmit SDT PUSCH in SBFD resource in inactive mode

Proposal 8: UE is scheduled to transmit SDT PUSCH in SBFD time-frequency resource in inactive mode.
3. Conclusion
In this contribution, we discuss about SBFD random access operation with the following proposals:
Proposal 1: MsgA RO and MsgA PUSCH for Type-2 random access procedure is supported to be configured in semi-static SBFD resource.
Proposal 2: Mapping SSB to RO in SBFD symbol and SSB to RO in non-SBFD symbol separately should be supported.
Proposal 3: If supporting unified mapping SSB to RO in SBFD symbol and non-SBFD symbol, dedicated preamble allocation for SBFD-aware UE should be considered.
Proposal 4: Unified configuration on PRACH by RRC signalling can be supported.
Proposal 5: Frequency start offset for SBFD which is relative to the original PRACH frequency starting point is supported for determining frequency start of PRACH Occasion in SBFD.
[bookmark: _GoBack]Proposal 6: Separated configuration on PRACH by RRC signalling can be supported.
Proposal 7: Frequency start parameter for SBFD is supported for determining frequency start of PRACH Occasion in SBFD.
Proposal 8: UE is scheduled to transmit SDT PUSCH in SBFD time-frequency resource in inactive mode.
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