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1. Introduction
At RAN#102 meeting, WID on NR duplex operation enhancements was approved with the objective as follows [1]:
	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· 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
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In this contribution, SBFD operation for random access is discussed.
2. Discussions
2.1 SBFD random access operation by UE in RRC connected mode
According to the WID objectives, SBFD operation for random access in SBFD symbols by UEs in RRC connected state is supported in Rel-19.
Contention type
At the RAN1#116 meeting, which contention type to be supported in Rel-19 SBFD random access procedure was discussed, and following working assumption was made. 

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



The motivation/justification to support random access channels in SBFD symbols is valid for both CBRA and CFRA. Moreover, from specification impact perspective, similar aspects need to be studied for supporting CBRA in SBFD symbols and supporting CFRA in SBFD symbols. Therefore, both CBRA and CFRA in SBFD symbols can be supported. 

Proposal 1: Confirm the working assumption to support CBRA and CFRA in SBFD symbols for SBFD aware UEs in RRC connected state.


Enhancement on PRACH in SBFD symbols 
Random access configuration table 
At the RAN1#116 meeting, whether to enhance 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) was discussed. 
The main motivation to consider enhancements by proponent companies is that the exiting random access configuration table may not be able to configure PRACH occasions in DL slots. If so, when SBFD is configured in DL symbols, PRACH occasion in SBFD symbols can’t be configured by the existing configuration table.

According to the random access configuration table Table 6.3.3.2-3 for FR1 for unpaired spectrum, and Table 6.3.3.2-4 for FR2 for unpaired spectrum, it can be observed that the existing random access configuration tables can provide flexible configuration for PRACH occasion subframes/slots. Considering the limited TU, enhancement on existing random access configuration tables is not needed.

Proposal 2: Enhancement on existing random access configuration tables is not considered in Rel-19 SBFD WI.


valid RO in SBFD symbols and RACH configuration
In legacy, valid ROs can only be in UL symbols and flexible symbols. In order to enable PRACH transmission in UL subband in SBFD symbols, how to obtain valid RO in SBFD symbols needs to be studied.At the RAN1#116 meeting, following agreement was made.

	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



As a starting point for discussion, two cases may need separate consideration:
· Case 1: there are valid ROs in SBFD flexible symbols based on legacy RO validation rule by the legacy RACH configuration
· Case 2: there is no valid RO in SBFD flexible symbols based on legacy RO validation rule by the legacy RACH configuration
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Fig 1: legacy PRACH configuration

The legacy RACH configuration is shared with non-SBFD aware UEs for CBRA. For case 1, if some RO in SBFD flexible symbols overlaps with RB in DL subband, non-SBFD aware UE may transmit PRACH on the RO overlapping with DL subband as the UE is not aware of DL subband. However, such transmission should not be allowed. Therefore, it may require gNB to avoid configuring RO overlapping with RB outside UL subband in SBFD flexible symbols. Considering RO configuration in frequency domain is the same in all PRACH slots, gNB needs to configure ROs with frequency resources within UL subband. The available UL resource in frequency domain is too much restricted, especially considering the case when the UL subband is narrow. Therefore, it is better to avoid case 1. 

Observation 1: If it is allowed to configure valid ROs in SBFD flexible symbols based on legacy RO validation rule by the legacy RACH configuration, gNB needs to configure ROs with frequency resources within UL subband, resulting in restricted frequency resource for PRACH for legacy UEs.

Therefore, case 2 is considered as the starting point for discussion, to have better understanding on feasibility, pros and cons for the two options below for RACH configuration. 
-	Option 1: Use one single RACH configuration with possible enhancement
-	Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one addition-al RACH configuration

For option 1, when single RACH configuration is used, for SBFD aware UE, enhanced RO validation rule can be applied to obtain valid ROs in UL subband in SBFD symbols, in addition to valid ROs in non-SBFD symbols, based on the single RACH configuration. SBFD aware UE can use the valid ROs in SBFD symbols and non-SBFD symbols configured by the single PRACH configuration.
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Fig 2: Option 1 (valid ROs in SBFD symbols configured by single RACH configuration)

On SSB-to-RO mapping for the valid ROs in SBFD symbols and non-SBFD symbols configured by the single PRACH configuration, two options were discussed:
· Option 1-1: Separate SSB-to-RO mapping between valid ROs in SBFD symbols and valid ROs in non-SBFD symbols.
· Option 1-2: Joint SSB-to-RO mapping for valid ROs in SBFD symbols and valid ROs in non-SBFD symbols.
For CBRA, the single RACH configuration is shared between non-SBFD aware UEs and SBFD aware UEs. For non-SBFD aware UEs, only valid ROs in non-SBFD symbols are determined and are mapping to SSB index(es). If joint SSB-to-RO mapping in option 1-2 is applied, for valid RO in non-SBFD symbols, it may be mapped to different SSB indexes between non-SBFD aware UEs and SBFD aware UEs. For such case, it may cause QCL assumption issue for gNB detection in the valid RO. Therefore, option 1-2 may not work for CBRA. 
For CFRA, though the PRACH configuration is dedicatedly configured for a UE, valid ROs in non-SBFD symbols may be shared with other UEs or overlap in time and/or frequency domain with ROs for other UEs, from practical gNB implementation/resource reservation perspective. Therefore, separate SSB-to-RO mapping is better.

For option 2, when additional RACH configuration for SBFD is configured, SBFD aware UE can apply the additional RACH configuration to obtain valid ROs in UL subband in SBFD symbols. In addition to the valid ROs in UL subband in SBFD symbols by the additional RACH configuration, SBFD aware UE should be able to also use valid ROs in non-SBFD symbols. Two options can be considered for the valid ROs in non-SBFD symbols:
· Option 2-1: SBFD aware UE can use valid ROs in SBFD symbols and valid ROs in non-SBFD symbols configured by the additional RACH configuration.
· Option 2-1-1: Separate SSB-to-RO mapping between valid ROs in SBFD symbols and valid ROs in non-SBFD symbols configured by the additional RACH configuration.
· Option 2-1-2: Joint SSB-to-RO mapping for valid ROs in SBFD symbols and valid ROs in non-SBFD symbols configured by the additional RACH configuration.
· Option 2-2: SBFD aware UE can use valid ROs in SBFD symbols configured by the additional RACH configuration and valid ROs in non-SBFD symbols configured by the legacy PRACH configuration. 
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Fig 3: Option 2 (valid ROs in SBFD symbols configured by additional RACH configuration)

If option 2-1 is applied, whether separate or joint SSB-to-RO mapping also needs to be clarified. Though the additional PRACH configuration is only for SBFD aware UE, valid ROs in non-SBFD symbols may be shared with other non-SBFD aware UEs or overlap in time and/or frequency domain with ROs for other non-SBFD aware UEs, from practical gNB implementation/resource reservation perspective. Therefore, separate SSB-to-RO mapping is better. 
If option 2-2 is applied, since the valid ROs in SBFD symbols and valid ROs in non-SBFD symbols are provided by separate PRACH configurations, it is natural that separate SSB-to-RO mapping would be applied for valid ROs in SBFD symbols and valid ROs in non-SBFD symbols.

Based on above analysis, the following solutions are feasible for CBRA and CFRA:
· Option 1: Use one single RACH configuration. SBFD aware UE can use valid ROs in SBFD symbols and valid ROs in non-SBFD symbols configured by the legacy PRACH configuration.
· Separate SSB-to-RO mapping between valid ROs in SBFD symbols and valid ROs in non-SBFD symbols configured by the legacy PRACH configuration.
· Option 2-1: Two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration. SBFD aware UE can use valid ROs in SBFD symbols and valid ROs in non-SBFD symbols configured by the additional RACH configuration. 
· Separate SSB-to-RO mapping between valid ROs in SBFD symbols and valid ROs in non-SBFD symbols configured by the additional RACH configuration.
· Option 2-2: Two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration. SBFD aware UE can use valid ROs in SBFD symbols configured by the additional RACH configuration and valid ROs in non-SBFD symbols configured by the legacy PRACH configuration. 
· Separate SSB-to-RO mapping between valid ROs in SBFD symbols configured by the additional RACH configuration and valid ROs in non-SBFD symbols configured by the legacy PRACH configuration.

For Option 1 and option 2-1, the separate SSB-to-RO mapping is for different ROs configured by same PRACH configuration. For Option 2-2, the separate SSB-to-RO mapping is for ROs configured by separate PRACH configurations. Separate SSB-to-RO mapping between ROs configured by separate PRACH configurations is more easily to be realized than separate mapping ROs by same PRACH configuration, e.g. more suitable mapping parameters can be configured by the separate PRACH configurations. Therefore, option 2-2 is preferred. 


Proposal 3: Support two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration. 
· ROs in UL subband in SBFD symbols configured by the additional RACH configuration are determined as valid ROs.
· SBFD aware UE can use the valid ROs in SBFD symbols configured by the additional RACH configuration and valid ROs in non-SBFD symbols configured by the legacy RACH configuration. 
· Separate SSB-to-RO mapping is applied between valid ROs in SBFD symbols configured by the additional RACH configuration and valid ROs in non-SBFD symbols configured by the legacy PRACH configuration.

Whether a valid RO can be across SBFD and non-SBFD symbols was also discussed at the last meeting, with following agreement.

	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.



Similar to the issue of physical channel/signal across SBFD symbols and non-SBFD symbols in a slot discussed in AI 9.3.1, allowing a PRACH transmission on a valid RO across SBFD and non-SBFD symbols may cause phase and/or power control issue. Therefore, it is not preferred to support a valid RO across SBFD and non-SBFD symbols. 

Proposal 4: Not support a valid RO across SBFD symbols and non-SBFD symbols.
· A valid RO can only be on SBFD symbols or on non-SBFD symbols. 


PRACH repetitions
It was agreed that PRACH without repetition is supported in SBFD symbols, and support of PRACH repetitions in SBFD symbols needs further discussion.

	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.



Supporting PRACH repetitions in SBFD symbols can provide more resources for PRACH repetitions. It is beneficial for PRACH coverage improvement, which is identified as one of the benefits/motivations to support SBFD random access operation. Therefore, it is beneficial to support PRACH repetitions in SBFD symbols. 

Proposal 5: Support PRACH repetitions in SBFD symbols.

Whether to support PRACH repetitions across SBFD symbols and non-SBFD symbols needs to be further clarified. As discussed above, valid RO in non-SBFD symbols may be shared with non-SBFD aware UEs from practical gNB implementation/resource reservation perspective. If PRACH repetitions across SBFD symbols and non-SBFD symbol, i.e. a RO group for PRACH repetitions including valid ROs in SBFD symbols and valid ROs in non-SBFD symbols, it is possible that a valid RO in non-SBFD symbols can be in different RO groups from non-SBFD aware UE perspective and from SBFD aware UE perspective. For such case, when gNB detects preamble on a valid RO in non-SBFD symbols, gNB may need to blind detect preambles on other repetitions with different assumptions on locations of other repetitions for non-SBFD aware UEs and SBFD aware UEs. For the example in Fig 4, if gNB detects a preamble (for 4 repetitions) on the RO in the first UL slot, the locations of other repetitions are different for SBFD aware UE and non-SBFD aware UE. Such blind detection with multiple assumptions is not efficient. 
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Fig 4: PRACH repetitions across SBFD symbols and non-SBFD symbols for SBFD aware UE

On the contrary, if PRACH repetitions are in SBFD symbols only or in non-SBFD symbols only (e.g. as in Fig 5), one valid RO is only in one RO group for a repetition number from gNB perspective. It doesn’t require gNB blind detection with multiple assumptions on locations of repetitions. 
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Fig 5: PRACH repetitions in SBFD symbols only, or in non-SBFD symbols only

For RO group determination for PRACH repetitions, RO groups in SBFD symbols and RO groups in non-SBFD symbols can be determined separately. RO groups in SBFD symbols are determined from valid ROs in SBFD symbols, and RO groups in non-SBFD symbols are determined from valid ROs in non-SBFD symbols. 

Proposal 6: Not support PRACH repetitions across SBFD symbols and non-SBFD symbols. 
· RO groups in SBFD symbols are determined from valid ROs in SBFD symbols.
· RO groups in non-SBFD symbols are determined from valid ROs in non-SBFD symbols.


Power control
At the RAN1#116 meeting, whether to support separate configurations of PRACH power control parameters was discussed. The main motivation is to reduce CLI impact and possible different gNB antenna configurations in SBFD symbols. Similar as discussions in AI 9.3.1 on separate power control for UL channels/signals, we think the necessity of specification impact to support separate UL power control in SBFD symbols and in non-SBFD symbols may need further study. 
If it is identified that separate PRACH power control parameters are beneficial, separate preamble target power and/or separate power ramping step can be considered.

Proposal 7: Further study the necessity of separate PRACH power control parameters configurations.


Enhancement on Msg 2/3/4 related transmission/reception in SBFD symbols 
At the RAN1#116 meeting, following agreement was made on possible enhancement on Msg 2, Msg 3, Msg 4 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
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.



For Msg 2 and Msg 4 PDSCH reception in DL subband(s), it is similar to ongoing discussions for PDCCH and PDSCH in DL subband(s) in SBFD symbols in AI 9.3.1. It can be considered to directly reuse the solution/enhancement from AI 9.3.1 discussion for Msg 2/Msg 4 reception. Therefore, it is preferred to wait for progress in AI 9.3.1.

Proposal 8: For Msg 2 and Msg 4 PDSCH reception in DL subband(s), wait for progress in AI 9.3.1.

For Msg3 PUSCH and Msg4 HARQ-ACK PUCCH frequency resource allocation, frequency hopping and power control, it is similar to ongoing discussions for PUSCH and PUCCH frequency resource allocation, frequency hopping and power control in SBFD symbols in AI 9.3.1. It can be considered to directly reuse the solution/enhancement from AI 9.3.1 discussion for Msg3 PUSCH and Msg4 HARQ-ACK PUCCH. Therefore, it is preferred to wait for progress in AI 9.3.1.

Proposal 9: For Msg3 PUSCH and Msg4 HARQ-ACK PUCCH frequency resource allocation, frequency hopping and power control, wait for progress in AI 9.3.1.

Considering gNB is not aware of UE capability for CBRA case, it may be beneficial for gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE during random access at least for CBRA case. The SBFD awareness may be represented by PRACH, e.g. separate PRACH resource for SBFD aware UE. A simple solution is to identify SBFD awareness based on PRACH detection on valid RO in SBFD symbols. In this case, SBFD symbols is utilized for UL resource off-loading, e.g. some SBFD aware UEs use SBFD symbols for UL random access channel transmission, and other UEs transmit UL random access channels in legacy available resource in non-SBFD symbols. gNB can identify the UE’s SBFD awareness only for UEs transmitting PRACH on valid RO in SBFD symbols, while gNB cannot identify the UE’s SBFD awareness for UEs transmitting PRACH on valid RO in non-SBFD symbols. Even in this case, UL resource offloading could be realized.
Based on above, determination of Msg 3 PUSCH repetition slots depends on whether PRACH transmission in SBFD symbols or in non-SBFD symbols. If UE transmits PRACH on valid RO in SBFD symbols, gNB can identify that the UE is aware of SBFD so that UE can use SBFD symbols for Msg 3 repetitions. Otherwise, if UE transmits PRACH on valid RO in non-SBFD symbols, gNB cannot identify the UE’s awareness and hence UE should determine Msg 3 PUSCH repetition slots same as legacy.

Proposal 10: For CBRA, gNB can identify SBFD awareness of UE during random access.
· The identification of SBFD awareness is realized by PRACH detection on valid RO in SBFD symbols.
· If UE transmits PRACH transmission on valid RO in SBFD symbols, gNB can identify that the UE is aware of SBFD and the UE can use SBFD symbols for Msg 3 repetitions. Otherwise, UE should determine Msg 3 PUSCH repetition slots same as legacy since gNB cannot identify UE’s SBFD awareness.


Type 2 RACH 
According to following agreement made at the RAN1#116 meeting, whether to support type-2 RACH in SBFD symbols needs to be further discussed. 

	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)



Latency reduction was identified as one of the benefits/motivations to support random access in SBFD symbols. Considering the motivation to introduce Type-2 RACH is low-latency random access, the benefit of latency reduction is valid for Type-2 RACH. Therefore, it is beneficial to support Type-2 RACH in SBFD symbols. 

Proposal 11: Support Type-2 RACH in SBFD symbols.

To support Msg A PRACH transmission in SBFD symbols, the solution to enable PRACH transmission in SBFD symbols can be reused, e.g. separate Msg A PRACH configurations for SBFD, RO validation, SSB-to-RO mapping, etc. 

Proposal 12: For Type-2 RACH, support two separate Msg A PRACH configurations, including one legacy Msg A PRACH configuration and one additional Msg A PRACH configuration. 
· Msg A ROs in UL subband in SBFD symbols configured by the additional Msg A PRACH configuration are determined as valid Msg A ROs.
· SBFD aware UE can use the valid Msg A ROs in SBFD symbols configured by the additional Msg A PRACH configuration and valid Msg A ROs in non-SBFD symbols configured by the legacy Msg A PRACH configuration. 
· Support separate SSB-to-RO mapping between valid Msg A ROs in SBFD symbols configured by the additional Msg A PRACH configuration and valid Msg A ROs in non-SBFD symbols configured by the legacy Msg A PPRACH configuration.

To support Msg A PUSCH transmission in SBFD symbols, similar issues can be studied, e.g. Msg A PUSCH configuration, PO validation, RO-to-PO mapping, etc. Msg A PO in UL subband in SBFD symbols can be determined as valid Msg A PO. As valid ROs in non-SBFD symbols may be shared with non-SBFD aware UEs from practical gNB implementation/resource reservation perspective, separate RO-to-PO mapping is needed between valid Msg A ROs in SBFD symbols and valid Msg A ROs in non-SBFD symbol. Similar to above discussion for PRACH, a straightforward solution is to introduce additional Msg A PUSCH configuration for SBFD, and the valid ROs in SBFD symbols configured by the additional Msg A PRACH configuration are mapping to valid POs in SBFD symbols configured by the additional Msg A PUSCH configuration.

Proposal 13: For Type-2 RACH, support two separate Msg A PUSCH configurations, including one legacy Msg A PUSCH configuration and one additional Msg A PUSCH configuration. 
· Msg A POs in UL subband in SBFD symbols configured by the additional Msg A PUSCH configuration are determined as valid Msg A POs.
· Valid Msg A ROs in SBFD symbols configured by the additional Msg A PUSCH configuration are mapping to valid POs in SBFD symbols configured by the additional Msg A PUSCH configuration.
· Valid Msg A ROs in non-SBFD symbols configured by the legacy Msg A PUSCH configuration are mapping to valid POs in non-SBFD symbols configured by the legacy Msg A PUSCH configuration.


2.2 SBFD random access operation by UE in RRC idle/in-active mode
According to the WID objectives, whether or not to support random access in SBFD symbols for UEs in RRC idle/in-active mode needs to be further studied till RAN#104 meeting. 
At the RAN1#116 meeting, following conclusion was made.

	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.



From specification impact perspective, the specification design for random access channels by UEs in RRC connected mode for CBRA can be mostly reused for random access in SBFD symbols by UE in RRC idle/in-active mode. The additional specification impacts would be limited.
Since Msg 2, Msg 3, Msg 4 or Msg B related transmissions/receptions can be within gNB’s control, the concern on CLI can be within gNB's control, similar to transmissions/receptions in RRC connected mode. Motivated by the benefits of latency reduction, coverage improvement for Msg 3 PUSCH and HARQ-ACK PUCCH, it would be beneficial to support Msg 2, Msg 3, Msg 4 or Msg B related transmissions/receptions in SBFD symbols.
For PRACH, the benefits of latency reduction, collision possibility reduction, coverage improvement, cell range improvement are identified to support PRACH in SBFD symbols by UEs in RRC idle/in-active mode. The main concern is UE-to-UE CLI handling. If the CLI impact is identified as not significant, PRACH transmission in SBFD symbols by UEs in RRC idle/in-active mode can be supported.

Proposal 14: For UEs in RRC idle/in-active mode,
· FFS whether to support PRACH in SBFD symbols.
· Support Msg 2, Msg 3, Msg 4 or Msg B related transmissions/receptions in SBFD symbols. 


3. Conclusion
In this contribution, we discussed SBFD operation for random access. We have the following observations and proposals:
Observation 1: If it is allowed to configure valid ROs in SBFD flexible symbols based on legacy RO validation rule by the legacy RACH configuration, gNB needs to configure ROs with frequency resources within UL subband, resulting in restricted frequency resource for PRACH for legacy UEs.


Proposal 1: Confirm the working assumption to support CBRA and CFRA in SBFD symbols for SBFD aware UEs in RRC connected state.

Proposal 2: Enhancement on existing random access configuration tables is not considered in Rel-19 SBFD WI.

Proposal 3: Two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration. 
· ROs in UL subband in SBFD symbols configured by the additional RACH configuration are determined as valid ROs.
· SBFD aware UE can use the valid ROs in SBFD symbols configured by the additional RACH configuration and valid ROs in non-SBFD symbols configured by the legacy RACH configuration. 
· Separate SSB-to-RO mapping is applied between valid ROs in SBFD symbols configured by the additional RACH configuration and valid ROs in non-SBFD symbols configured by the legacy PRACH configuration.

Proposal 4: Not support a valid RO across SBFD symbols and non-SBFD symbols.
· A valid RO can only be on SBFD symbols or on non-SBFD symbols. 

Proposal 5: Support PRACH repetitions in SBFD symbols.

Proposal 6: Not support PRACH repetitions across SBFD symbols and non-SBFD symbols. 
· RO groups in SBFD symbols are determined from valid ROs in SBFD symbols.
· RO groups in non-SBFD symbols are determined from valid ROs in non-SBFD symbols.

Proposal 7: Further study the necessity of separate PRACH power control parameters configurations.

Proposal 8: For Msg 2 and Msg 4 PDSCH reception in DL subband(s), wait for progress in AI 9.3.1.
Proposal 9: For Msg3 PUSCH and Msg4 HARQ-ACK PUCCH frequency resource allocation, frequency hopping and power control, wait for progress in AI 9.3.1.

Proposal 10: For CBRA, gNB can identify SBFD awareness of UE during random access.
· The identification of SBFD awareness is realized by PRACH detection on valid RO in SBFD symbols.
· If UE transmits PRACH transmission on valid RO in SBFD symbols, gNB can identify that the UE is aware of SBFD and the UE can use SBFD symbols for Msg 3 repetitions. Otherwise, UE should determine Msg 3 PUSCH repetition slots same as legacy since gNB cannot identify UE’s SBFD awareness.

Proposal 11: Support Type-2 RACH in SBFD symbols.

Proposal 12: For Type-2 RACH, support two separate Msg A PRACH configurations, including one legacy Msg A PRACH configuration and one additional Msg A PRACH configuration. 
· Msg A ROs in UL subband in SBFD symbols configured by the additional Msg A PRACH configuration are determined as valid Msg A ROs.
· SBFD aware UE can use the valid Msg A ROs in SBFD symbols configured by the additional Msg A PRACH configuration and valid Msg A ROs in non-SBFD symbols configured by the legacy Msg A PRACH configuration. 
· Support separate SSB-to-RO mapping between valid Msg A ROs in SBFD symbols configured by the additional Msg A PRACH configuration and valid Msg A ROs in non-SBFD symbols configured by the legacy Msg A PPRACH configuration.


Proposal 13: For Type-2 RACH, support two separate Msg A PUSCH configurations, including one legacy Msg A PUSCH configuration and one additional Msg A PUSCH configuration. 
· Msg A POs in UL subband in SBFD symbols configured by the additional Msg A PUSCH configuration are determined as valid Msg A POs.
· Valid Msg A ROs in SBFD symbols configured by the additional Msg A PUSCH configuration are mapping to valid POs in SBFD symbols configured by the additional Msg A PUSCH configuration.
· Valid Msg A ROs in non-SBFD symbols configured by the legacy Msg A PUSCH configuration are mapping to valid POs in non-SBFD symbols configured by the legacy Msg A PUSCH configuration.

Proposal 14: For UEs in RRC idle/in-active mode,
· FFS whether to support PRACH in SBFD symbols.
· Support Msg 2, Msg 3, Msg 4 or Msg B related transmissions/receptions in SBFD symbols. 
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