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Introduction
A new Rel-19 Work item for the evolution of NR duplex operation has been approved in RAN#102 [1]. Some of the objectives are related to the random access in subband non-overlapping full duplex (SBFD):

· 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]
· 
In this Tdoc, we share our views for random access in SBFD operation for UEs in RRC_CONNECTED mode and UEs in RRC_IDLE/INACTIVE mode. 

Random access in CONNECTED mode

· Support CBRA and CFRA in SBFD symbols:
In RAN1#116, the following working assumption has been made:

Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.


CBRA can be triggered by all random-access triggering events, while CFRA can be triggered by a subset of events like handover, beam failure recovery, UL synchronization, ... CFRA is not a major source of CLI, and SBFD-aware UEs in RRC CONNECTED state should support CFRA in addition to CBRA on SBFD symbols. There is no strong justification to exclude support for CFRA on SBFD symbols and enhancement for random access on SBFD should be specified for both CBRA and CFRA
Proposal 1: Both CBRA and CFRA are supported in SBFD symbols in RRC CONNECTED state.	



· Single RACH configuration vs. two separate RACH configurations:
In RAN1#116, the following agreement has been made for the adoption of single RACH configuration or two separate RACH configurations for SBFD-aware UEs and non-SBFD-aware UEs:

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

Option 1 can create multiple constraints such as scheduling constraints due to the fragmentation of UL resources on the non-SBFD UL symbols. Also, Option 1 doesn’t allow the gNB to differentiate between the SBFD aware UEs and non-SBFD-aware UEs. Also, in terms of frequency offset for the ROs, different frequency offsets might be needed for the UL symbols and the non-SBFD symbols.

Hence, RACH configuration on the SBFD symbols need some further adjustment compared to the PRACH configuration on the UL symbols.

Option 2 offers more flexibility and two different RACH configurations in SBFD symbols and the UL symbols can be adopted allowing for different PRACH formats and flexibility in frequency resources allocated for SBFD-aware UEs and non-SBFD aware UEs. Option 2 comes with additional SIB signalling overhead compared to Option 1. However, the RRC signalling overhead shouldn’t be considered a big concern compared to the gain offered by the flexibility of this option.

Proposal 2: Adopt the following option allowing for two different PRACH configurations in SBFD-aware UEs and non-SBFD aware UEs:
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration






· Definition of valid RO:

In RAN1#116, the following agreement has been made on how to define a valid RO:

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.

Option 1 is very restrictive for no strong reasons. Conversely, Option 2 is flexible but the ROs across slots is not necessarily needed especially following RAN4 agreement to introduce a transition period between non-SBFD slots and SBFD slots.

RAN4 made the following agreement in RAN4#108bis [3]:

RAN4 Agreement (108bis)
  Between the non-SBFD slot and SBFD slot and vice versa, a transition period is needed.  If the SBFD configuration between adjacent SBFD slots is the same, then no transition period is needed
.
Hence, in scenarios requiring a transition period between non-SBFD and SBFD slots, the ROs cannot cross the slots boundaries. Alternatively, ROs could be permitted within a single slot across SBFD and non-SBFD symbols in the same slot only


Proposal 3: Adopt Option 2 for the RO validation in SBFD symbols with one of  following two alternatives:
· Alt.1: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots when transition period is not needed.
· Alt.2: a valid RO can be across SBFD and non-SBFD symbols in the same slot only.








· SSB-to-RO mapping
Currently, the network is able to determine which beam is used for transmission based on the RO used by the UE for the PRACH transmission as there is a mapping rule between SSBs and ROs to identify the selected beam.

Two separate RACH configurations can be used for SBFD and non-SBFD UL/F symbols. Hence, different PRACH time and frequency resources for SBFD and non-SBFD UL/F symbols. Similarly, two separate SSBs to ROs mapping can be used for the SBFD and the non-SBFD UL/F symbols.

Proposal 4: Two separate SSBs to ROs mapping can be used for the SBFD and the non-SBFD UL/F symbols

· PRACH repetition
In RAN1#116bis, the following agreement has been made regarding PRACH with and without repetition:

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.


PRACH repetition was introduced in Rel-18 specifically to enhance coverage, a key objective shared with the introduction of SBFD specifications. Therefore, excluding PRACH repetition support in SBFD symbols would contradict the fundamental purpose of the SBFD work. The Rel-18 PRACH repetition design can be extended for SBFD with minor changes. Also, PRACH repetitions can be within SBFD symbols only or across SBFD symbols and non SBFD symbols within the same slot.

Proposal 5: Support PRACH repetition in SBFD symbols.

Random access in IDLE/INACTIVE mode
In RAN1#116, the following conclusion has been made to capture the benefits 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
· 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.


Therefore, supporting random access within SBFD symbols offers significant benefits for UEs in RRC_IDLE/INACTIVE mode. This includes reduced RACH latency and increasing the random-access capacity. Furthermore, supporting random access in SBFD symbols enhances coverage and cell range especially for UEs in areas with low SINR.

Proposal 6: Random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode is to be supported in Rel-19
When the PO occasions overlap with the SBFD symbols, paging may be missed by UEs configured with UL subbands in the DL symbols impacting the performance of paging for these UEs.

Proposal 7: Study enhancement for paging in SBFD symbols.

Conclusion
In this contribution, we have presented several proposals to share our views on the random access in SBFD operation for UEs in RRC_CONNECTED mode and UEs in RRC_IDLE/INACTIVE mode:

Proposal 1: Both CBRA and CFRA are supported in SBFD symbols in RRC CONNECTED state.	
Proposal 2: Adopt the following option allowing for two different PRACH configurations in SBFD-aware UEs and non-SBFD aware UEs:
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration

Proposal 3: Adopt Option 2 for the RO validation in SBFD symbols with one of  following two alternatives:
· Alt.1: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots when transition period is not needed.
· Alt.2: a valid RO can be across SBFD and non-SBFD symbols in the same slot only.

Proposal 4: Two separate SSBs to ROs mapping can be used for the SBFD and the non-SBFD UL/F symbols
Proposal 5: Support PRACH repetition in SBFD symbols.
Proposal 6: Random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode is to be supported in Rel-19
Proposal 7: Study enhancement for paging in SBFD symbols.
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