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[bookmark: _Ref78978006]Introduction
A work item on Evolution of NR duplex operation has been approved for Rel.19 [1]. This document provides our view on SBFD random access operation.
Discussion
RO for SBFD aware UE
In RAN1#116, the following agreement was reached on whether single RACH configuration or two separate RACH configurations is used.
	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



For option 1, a single RACH configuration is used for SBFD symbol and non-SBFD symbol and is shared between SBFD aware UEs and non-SBFD aware UEs. Although signaling overhead can be reduced, the usage of RO can be differentiated between SBFD aware UEs and non-SBFD aware UEs (e.g., SSB-RO mapping). For option 2, the legacy RACH configuration and the RO usage in non-SBFD symbol don't need to be changed. It would be simpler and backward compatible design.
For option 2, RO configured with the legacy RACH configuration is referred to as "shared RO", and RO configured with the additional RACH configuration is referred to as "separate RO" in this document. Shared RO can be allocated in non-SBFD symbol as in legacy. Even in SBFD symbol, shared RO can be allocated if legacy flexible symbol is used as SBFD symbol. Separate RO can be allocated in SBFD symbol and non-SBFD symbol.
Proposal 1: For RACH configuration for SBFD aware UE, support Option 2 (Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration).

Random access procedure in RRC_IDLE/INACTIVE mode
In RAN1#116, the following working assumption and conclusion were made on PRACH in SBFD symbols for SBFD aware UEs in RRC_CONNECTED and RRC_IDLE/INACTIVE mode. 
	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.

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.



As agreed above, CBRA and CFRA in SBFD symbol for RRC_CONNECTED mode are supported as working assumption. For CBRA, there is no difference between supporting only RRC_CONNECTED mode and supporting RRC_CONNECTED/IDLE/INACTIVE mode for Msg1, Msg2 and Msg 3 except payload contents. Therefore, network does not able to distinguish RRC_CONNECTED and IDLE/INACTIVE mode until correct Msg3 reception. Msg4 and corresponding HARQ ACK/NACK is specific to RRC_IDLE/INACTIVE but we think no or small difference compared with usual PDSCH and PUCCH. To support RRC_IDLE/INACTIVE also is more efficient resource usage. Therefore, we support PRACH in SBFD symbols for SBFD aware UEs in RRC_IDLE/INACTIVE mode in general. 
On the other hand, we also need to think the relation of single RACH configuration or two separate RACH configuration of option 1 and 2 respectively in the previous section. If option 1 of single RACH configuration is used, because of no distinction between RRC_CONNECTED and IDLE/INACTIVE mode, the single RACH configuration should be applicable to all RRC states of RRC_CONNECTED and IDLE/INACTIVE mode. If option 2 of two separate RACH configurations is taken, one legacy RACH configuration of non-SBFD symbols is common to all UEs and one additional RACH configuration for both SBFD symbol and non-SBFD symbol is only for SBFD aware UE. Therefore, the usage of RO configured by additional RACH configuration automatically means the network is able to identify SBFD UEs. For this case, this additional RACH configuration is limited to RRC_CONNECTED is possible. This allows additional RACH configuration is given by dedicated RRC signaling instead of SIB, which can reduce SIB1 overhead. 
Proposal 2: If option 1 of single RACH configuration is used, support PRACH in SBFD symbols for SBFD aware UEs in RRC_IDLE/INACTIVE mode. If option 2 of two separate RACH configurations, additional RACH configuration can be limited to RRC_CONNECTED and can be configured by dedicated RRC signaling.

RO across SBFD symbols and non-SBFD symbols
In RAN1#116, the following agreement was reached on whether to allow RO across SBFD symbols and non-SBFD 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.



Option 2 could be beneficial for allocating a long preamble format regardless of SBFD symbols and non-SBFD symbols. However, option 2 has a problem when UE and/or network applies different RF/analogue filter to SBFD symbols and non-SBFD symbols. Mandating not to have UE/or network RF/analog filter would not be good design (i.e., these should be left to UE and network implementation choice). Even with option 1, depending on SBFD slot configuration and RO configuration, a long time domain resource can still be utilized for a long preamble format. In Figure 1, examples of option 1 and option 2 are illustrated. For option 1, ROs are mapped across slot #2 and slot #3. For option 2, ROs are mapped across slot #3 and slot #4. Both options can utilize ROs across two slots. Therefore, option 2 would not be essential.
Proposal 3: For valid RO for SBFD symbols and non-SBFD symbols, support Option 1 (a valid RO can only be on SBFD symbols or on non-SBFD symbols).
[image: ]
[bookmark: _Ref163139762]Figure 1  Example of valid RO on SBFD symbols and non-SBFD symbols

Early indication of SBFD aware UE
In RAN1#116, the following agreement was reached on Msg2, Msg3 and Msg4 related transmission/reception in SBFD 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:
· 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



As described as FFS, whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE (i.e., early indication) needs to be discussed. In order to support the early indication, the following possibilities can be considered. 
· Option 1: Early indication by separate RO for SBFD aware UE.
· Option 2: Early indication by separate preamble in shared RO.
For option 1, when SBFD aware UE transmits PRACH in separate RO, the early indication is naturally achieved because separate RO is only used by SBFD aware UE. For option 2, when SBFD aware UE transmits PRACH in shared RO, separate preamble to differentiate from non-SBFD aware UE is needed. In order to support separate preamble for SBFD aware UE, the framework of feature combination introduced in Rel.17 can be reused (i.e., FeatureCombination-r17 is reused and feature of SBFD is added). However, we are not sure the necessity of option 2, which can reduce the provision of preamble usage for other purposes.
Proposal 4: Separate RO can be used for the early indication if option 2 of two separate RACH configurations is agreed. Separate preamble in shared RO for early indication would not be required in this case.

Random access configuration tables for SBFD
In RAN1#116, the following guideline was made on the random access configuration table.
	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.



The existing random access configuration tables would not be useful to configure RO in SBFD symbols because the existing random access configuration tables are adjusted for UL slot location in TDD. Table 1 shows a part of random access configuration configuration table as an example (only preamble format C2 in Table 6.3.3.2-3 in 38.211 [2] are shown). According to Table 1, all entries in the table include subframe number 9 (see "Subframe number" column). If SBFD slot pattern is "DXXXU" for 15 kHz SCS (where "X" is SBFD slot), subframe 9 corresponds to UL slot (i.e., slot #4 and #9 are "U" slot in "DXXXU" pattern). In this case, subframe 9 would be useful to allocate RO in UL slot but would not be useful to allocate RO in SBFD slot. 
To adjust RO configuration for SBFD, there are following possibilities.
· Option 1: Introduce new tables for SBFD.
· Option 2: Add new rows to the existing tables for SBFD.
· Option 3: Replace some of subframe/slot numbers in existing table.
· Option 4: Shift subframe/slot numbers in the existing table by configured offset.
For option 1, separate tables from the existing tables (Table 6.3.3.2-3, Table 6.3.3.2-4) are specified and used for SBFD aware UE to configure ROs in SBFD symbol. For option 2, a similar approach to Rel.16 TEI is applied (i.e., in Rel.16 TEI, new entries [256, 262] were added to Table 6.3.3.2-3 in order to align TDD UL/DL configuration between NR and LTE). New entries for RO in SBFD symbol are added to the existing tables. For option 3, the exiting tables are basically used but some of subframe/slot numbers in existing table are replaced to fit in with SBFD slot configuration. For option 4, a similar approach to Rel.16 IAB is applied (i.e., in Rel.16 IAB, subframe/slot offset to the existing RACH configuration was introduced to differentiate Tx RO and Rx RO in IAB node). Subframe/slot offset is configured for SBFD aware UE to configure RO in SBFD symbol. 
Among options, option 4 would be the least specification impact by reusing the existing functionality. Therefore, we propose to takeoption 4 as a baseline. Further check would be needed on which subframe/slot is needed/useful for SBFD operation.
Proposal 5: For random access configuration tables for SBFD, reuse the existing functionality in Rel.16 IAB (i.e., shift subframe/slot numbers in the existing table by configured offset)

[bookmark: _Ref158733566]Table 1  Part of Table 6.3.3.2-3 in 38.211[2] (Random access configurations for FR1 and unpaired spectrum)
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	189
	C2
	16
	1
	9
	2
	2
	2
	6

	190
	C2
	8
	1
	9
	2
	2
	2
	6

	191
	C2
	4
	1
	9
	2
	1
	2
	6

	192
	C2
	2
	1
	9
	2
	1
	2
	6

	193
	C2
	2
	1
	8,9
	2
	2
	2
	6

	194
	C2
	2
	1
	7,9
	2
	1
	2
	6

	195
	C2
	2
	1
	7,9
	8
	1
	1
	6

	196
	C2
	2
	1
	4,9
	8
	1
	1
	6

	197
	C2
	2
	1
	4,9
	2
	2
	2
	6

	198
	C2
	2
	1
	2,3,4,7,8,9
	2
	1
	2
	6

	199
	C2
	8
	1
	9
	8
	2
	1
	6

	200
	C2
	4
	1
	9
	8
	1
	1
	6

	201
	C2
	1
	0
	9
	2
	2
	2
	6

	202
	C2
	1
	0
	9
	8
	1
	1
	6

	203
	C2
	1
	0
	9
	2
	1
	2
	6

	204
	C2
	1
	0
	8,9
	2
	2
	2
	6

	205
	C2
	1
	0
	4,9
	2
	1
	2
	6

	206
	C2
	1
	0
	7,9
	8
	1
	1
	6

	207
	C2
	1
	0
	3,4,8,9
	2
	1
	2
	6

	208
	C2
	1
	0
	3,4,8,9
	2
	2
	2
	6

	209
	C2
	1
	0
	1,3,5,7,9
	2
	1
	2
	6

	210
	C2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	8
	1
	1
	6



CLI handling
If random access procedure is supported for SBFD symbols, how to handle UE-to-UE CLI by PRACH need to be discussed because one main concern to support PRACH in SBFD symbol is the increase of UE-to-UE CLI. For CBRA, UE-to-UE CLI by PRACH would be difficult to be controlled because gNB does not know which UE transmits PRACH.
One potential CLI handling scheme could be that RO usage is differentiated between SBFD symbol and non-SBFD symbol. For example, RO in SBFD symbol can be used only by cell center UEs (e.g., UE with high SSB-RSRP) because PRACH transmit power of cell center UE is lower (i.e., CLI is lower). RO in non-SBFD symbol can be used by all UEs (i.e., CLI to DL subband is not caused in non-SBFD symbol). UE-to-UE CLI can be controlled by differentiating the usage of ROs. Figure 2 shows an example. RO in slot #3 can be used for cell center UEs, and RO in slot #4 can be used for all UEs.
Proposal 6: Discuss CLI handling scheme for PRACH transmission.

[image: ]
[bookmark: _Ref158717717]Figure 2  Example of CLI handling scheme.

PRACH repetition
In RAN1#116, it was agreed to support PRACH in SBFD symbol at least without repetition. Whether to support PRACH repetition in SBFD symbol needs to be clarified.
	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.



If PRACH coverage enhancement by SBFD is justified, PRACH repetition could be useful because UL resources in UL subband can effectively be used. In order to support PRACH repetition in SBFD symbol, how to use ROs for repetition transmission needs to be specified. Assuming that separate RO and shared RO are used for PRACH transmission, the following possibilities can be considered. 
· Option 1: RO group can consist of both separate ROs and shared ROs.
· Option 2: RO group consists only of separate ROs.
For option 1, PRACH repetitions can be transmitted across separate ROs and shared ROs. The latency of the repetition can be reduced because both separate ROs and shared ROs can be utilized. For option 2, PRACH repetitions are transmitted within separate ROs. Since separate preamble for SBFD aware UE in shared RO is not needed, the provision of preamble usage would not be reduced.
Figure 3 shows an example. Subband #1 and #3 are DL subband, and subband #2 is UL subband. Slot n, n+1, and n+2 are SBFD slots, and slot n+3 is UL slot. RO groups for 2 PRACH repetitions and 4 PRACH repetitions are illustrated by dashed line. For option 1, separate ROs are configured in SBFD slots, and shared ROs are configured in UL slot. For slot n+2 and n+3, RO group for 4 PRACH repetitions consist of both separate ROs and shared ROs. For option 2, in slot n+3 (UL slot), both separate ROs and shared ROs are configured. For slot n+2 and n+3, RO group for 4 PRACH repetitions are configured as in option 1, but the RO group consist only of separate ROs. 
Proposal 7: For PRACH repetition in SBFD symbol, discuss how to configure RO group.

[image: ]   [image: ]
Option 1                                                                                                                  Option 2
[bookmark: _Ref158889342]Figure 3  RO usage for PRACH repetitions.

Conclusion
In this contribution, we made the following proposals. 
Proposal 1: For RACH configuration for SBFD aware UE, support Option 2 (Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration).
Proposal 2: If option 1 of single RACH configuration is used, support PRACH in SBFD symbols for SBFD aware UEs in RRC_IDLE/INACTIVE mode. If option 2 of two separate RACH configurations, additional RACH configuration can be limited to RRC_CONNECTED and can be configured by dedicated RRC signaling.
Proposal 3: For valid RO for SBFD symbols and non-SBFD symbols, support Option 1 (a valid RO can only be on SBFD symbols or on non-SBFD symbols).
Proposal 4: Separate RO can be used for the early indication if option 2 of two separate RACH configurations is agreed. Separate preamble in shared RO for early indication would not be required in this case.
Proposal 5: For random access configuration tables for SBFD, reuse the existing functionality in Rel.16 IAB (i.e., shift subframe/slot numbers in the existing table by configured offset)
Proposal 6: Discuss CLI handling scheme for PRACH transmission.
Proposal 7: For PRACH repetition in SBFD symbol, discuss how to configure RO group.
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