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Background
The following has been agreed at the last meeting [1]. We present discussions for CBRA and CFRA in SBFD symbols.
	Agreement
Confirm the working assumption:
Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.




Common aspects of CBRA and CFRA
The following has been agreed at the last meeting for RACH configuration [1]. 
	Working Assumption
For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
· For Option 1 with Alt 1-1, FFS whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, RO validation rules and SSB-RO mapping rules, etc.
· For Option 2, FFS the RO validation rules, SSB-RO mapping rules, whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, etc.
UE is not required to support both options.




1.1. RACH configuration Option 1 with Alt 1-1
The following has been agreed at the last meeting for RACH configuration Option 1 [1]. 
	Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, consider the following alternatives to derive the time and frequency resources of the configured ROs in SBFD symbols. 
· Alt 1-1: only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). 
· FFS the details
· FFS: Alt 1-2: based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon) and newly introduced parameter(s). 

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, no separate prach-ConfigurationIndex to be configured in this option.

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, use existing random access configurations tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2 in TS38.211).

Agreement
For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration),
· For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used

Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, 
· no enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any). 
· FFS: the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· FFS: It’s up to network configuration to ensure the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, which are valid for non-SBFD aware UEs based on legacy RO validation rule, are also valid for SBFD aware UEs (i.e., the configured ROs in SBFD symbols, if configured as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs)
· the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB
· FFS: Other condition.
Note: For the case that all the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, there is no restriction that all the configured ROs in SBFD symbols should be within the UL usable PRBs.




In Option 1 with Alt 1-1, the legacy RACH configuration is used to derive time/frequency resource of additional ROs. According to the agreement, time/frequency resource is derived only based on the existing parameters in the legacy RACH configuration for Alt 1-1. However, the agreement does not preclude reinterpretation of the existing parameters. 
Figure 1 shows an example of legacy ROs and additional ROs by reinterpreting the RRC parameter msg1-FrequencyStart, which is interpreted as an RB-level offset from the lowest RB of the active UL BWP in the legacy. To derive the additional RO, in the figure, the RB-offset is applied from the lowest RB of the UL subband. This will work in some situations. However, if the value of the RB-level offset exceeds the number of RBs in the UL subband minus the number of RBs in the additional RO, the additional RO will go beyond the UL subband. 


Figure 1: Example of legacy ROs and additional ROs by reinterpreting the RRC parameter msg1-FrequencyStart
Figure 2 shows another example of legacy ROs and additional ROs by reinterpreting the RRC parameter msg1-FrequencyStart. In the figure, due to the large value of the RB-level offset, the additional RO goes beyond the UL subband. In our understanding, there are several approaches to solve the problem.
1) The gNB ensures configuring an appropriate value of the RB-level offset for SBFD configuration
2) The specification ensures the RB-level offset to be within the UL subband
3) Reinterpretation of msg1-FrequencyStart is not supported
4) RAN1 does not support Option 1
Alternative 1 implies that the legacy RACH configuration is restricted such that the value of the RB-level offset does not exceed the number of RBs in the UL subband minus the number of RBs in the additional RO. It is a huge burden on the current deployment. Thus, we do not support this option.
Alternative 2 could be achieved using mod function. For example, the new RB-level offset  where  is the value indicated by msg1-FrequencyStart,  is the number of RBs in the UL subband, and  is the number of RBs required for a single RO. On the other hand, gNB side RO resource management is difficult. The gNB needs to pick one value of the RB-level offset considering both ROs.


Figure 2: Example of legacy ROs and additional ROs by reinterpreting the RRC parameter msg1-FrequencyStart
Alternative 3 is the simplest approach. Figure 3 shows an example of legacy ROs and additional ROs without reinterpreting the RRC parameter msg1-FrequencyStart. However, also in this option, the legacy RO mapping is restricted to the UL subband. Therefore, we do not support this alternative.


Figure 3: Example of legacy ROs and additional ROs without reinterpreting the RRC parameter msg1-FrequencyStart
Thus, alternative 2 is only available. However, we do not think it is a good option. Furthermore, Option 1 with Alt 1-1 can be realized by Option 2. If signalling overhead is the merit of Option 1 with Alt 1-1, it would be better to discuss how to reduce signalling overhead in Option 2. Therefore, we have the following proposal.
Proposal 1: RAN1 supports reinterpretation of msg1-FrequencyStart which further is capped by a mod function. Otherwise, RAN1 does not support Option 1 with Alt 1-1 (revert the working assumption). 
Regarding SSB-to-RO mapping, independent mapping for additional ROs is preferred. The legacy mapping can be reused but it should be applied among the additional ROs. 
Proposal 2: Independent SSB-to-RO mapping applied among the additional ROs is supported for Option 1 with Alt 1-1.
Another aspect of Option 1 with Alt 1-1 is validation of additional ROs. The agreement says the validation should consider SSB. However, the interpretation of the agreement was also discussed. In our understanding, there are two ways of interpretations:
1) RO is invalid if it overlaps with SSB in the time domain
2) RO is invalid if it overlaps with SSB in the time and frequency domain
Figure 4 shows an example of Interpretation 1. In the figure, the horizontal axis represents the time domain where slot index and subframe index are shown. Here, 30 kHz SCS is assumed. Light blue represents downlink including the legacy downlink and DL subbands. Orange represents uplink including the legacy uplink and UL subbands. Four SSBs are transmitted. PRACH configuration index 166 (B4, 10 ms period, subframe 1, 3, 5, 7, 9) are used. FDM of 2 ROs are configured. Blue ROs are legacy ROs in non-SBFD symbols, and Green ROs are additional ROs in SBFD symbols.

In Interpretation 1, ROs overlapping with SSBs in the time domain is invalid. Therefore, green ROs in subframe 1 are invalid. Therefore, SSBs are mapped to 4 additional ROs in frequency-first/time-second manner. 
Figure 4: RO validation interpretation 1
Figure 4 shows an example of Interpretation 2 in which only ROs overlapping with SSB in time-frequency domain is invalid. Therefore, the additional ROs in subframe 1 are valid. 
From the UE point of view, Interpretation 2 is possible because the UE can decide prioritization of SSB reception and PRACH transmission in subframe 1. If the UE is not currently monitoring the SSBs in the subframe 1, the UE can prioritize the PRACH transmission.
However, from the gNB point of view, this kind of UE autonomous decision causes loss of resource control in CFRA. For example, if the UE is triggered CFRA PRACH for SSB index 0, how the gNB knows in which subframe 1 or 7, the UE will transmit PRACH? This is an issue of Interpretation 2 that the gNB cannot get full control of CFRA resource. 
Furthermore, PRACH transmission in subframe 1 will case strong CLI for some UEs nearby. Therefore, we propose the following.
Observation 1: The gNB cannot get full control of CFRA resource if ROs overlapping with SSB in time domain but frequency domain is validated.
Proposal 3: ROs overlapping with SSB in the time domain is invalid for Option 1 with Alt 1-1.


Figure 5: RO validation interpretation 2
1.2. RACH configuration Option 2
The following has been agreed at the last meeting for RACH configuration Option 2 [1]. 
	Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, down-select (in RAN1#117) from the following alternatives:
· Alt 2-3: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
· FFS: The case where the additional-ROs partially overlap with non-SBFD symbols 
· Alt 2-4: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs.
For the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs.

Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration,
· For FR2, consider from the following alternatives:
· Alt 1: use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the slot number for ROs in SBFD symbols.
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211)
· For FR1, consider from the following alternatives:
· Alt 1: Use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the subframe number for ROs in SBFD symbols.
· Alt 2: Use existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211)
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211)





Option 2 is like AdditionalRACH-Config-r17 including RACH-ConfigCommon as supported in Rel-17 RACH partitioning feature. Support of additional RACH configuration can be realized using this parameter or extension of it. 
As described in the agreement, there are FFS whether to omit some parameters from RACH-ConfigCommon. This is one of the discussion points. For example, if the gNB wants to create additional ROs only changing RB-level offset, the gNB can provide additional msg1-FrequencyStart in the additional RACH-ConfigCommon, and all other parameters can be void. This achieves the goal of Alt 1-1. 
Observation 2: Option 2 of using two separate RACH configurations with reduced RRC parameters will achieve the goal of Option 1 with Alt 1-1.
Proposal 4: Discuss potential signalling overhead reduction in Option 2.
RO validation rule is another discussion point for Option 2. At the last meeting, two alternatives Alt 2-3 and 2-4 have been identified as potential solutions. Difference lies in whether additional ROs in non-SBFD symbols should be valid. 
In our understanding, Alt 2-3 requires additional specification update. Alt 2-4 does not require additional update. Therefore, we suggest the following.
Proposal 5: Alt 2-4 is supported (i.e., the additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs).
In terms of validation rules for ROs overlapping with SSBs, we can reuse the same rule as Option 1 with Alt 1-1.
Proposal 6: ROs overlapping with SSB in the time domain is invalid for Option 2.
1.3. CBRA for RRC IDLE mode UEs
In [2], motivation to support random access in SBFD symbols is shown. If DDDSU is used in the mid-band TDD using 30 kHz SCS, long PRACH format is not applicable due to the uplink duration. To solve this problem, continuous time domain uplink resource in UL subbands is utilized which supports longer PRACH format. To support larger cell range with the long PRACH format, CBRA for RRC IDLE mode UEs should also be supported.
At the last meeting, conditional support of CBRA in RRC IDLE was discussed. The condition was to support PRACH overlapping with both SBFD and non-SBFD symbols because the LLS results of PRACH in SBFD symbols was worse than the PRACH overlapping with both SBFD and non-SBFD symbols, which relates to the coverage of the PRACH. On the other hand, as concluded in the RAN#116 meeting [3], increased cell range is one of the benefits for random access support in SBFD symbols. Therefore, in our understanding, at least to support the larger cell range, PRACH in SBFD symbols is beneficial. It leads us to support CBRA for RRC IDLE mode UEs as well as CONNECTED mode UEs.
Proposal 7: CBRA in RRC IDLE mode UEs is supported.
	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.




In our understanding, SBFD configurations will require at most 15 bits because we agreed that consecutive SBFD symbols are configured per TDD-UL-DL pattern period. If a TDD pattern period includes at most 10 slots = 140 OFDM symbols, the number of bits used to indicate the SBFD symbols is up to  bits. So, the SIB1 overhead does not have major impact to the SIB1 overhead. 
Proposal 8: SIB1 includes SBFD configurations.
1.4. PRACH repetition
In PRACH repetition, receiver cannot make coherent combining of multiple PRACHs because of phase discontinuity assumption in multiple PRACH occasions. Thus, benefit of PRACH repetitions is limited. Rather, longer PRACH formats should be utilized in the consecutive SBFD regions to maximize the coverage and cell range. 
Proposal 9: Support of longer PRACH formats should be prioritized for SBFD aware UEs. If the support of longer PRACH formats is determined not enough for coverage, PRACH repetition can also be discussed.
1.5. Msg3 PUSCH
In Msg3 PUSCH, frequency hopping offset is determined using the size of initial BWP . This assumption will create a problem that the 2nd hop may go beyond the UL subband.
For example, in a case of  and the size of UL subband ,  and  are obtained for the frequency hopping offset, which exceeds the bandwidth of the UL subband . Therefore, when the PUSCH scheduled by RAR is in the UL subband, frequency hopping offset should be revisited.
One solution is If  is set to the value of the size of UL subband , the issue will be solved. Therefore, we propose the following.
Proposal 10: For msg3 PUSCH, in frequency hopping offset determination,  is set to the value of the size of UL subband.
Msg3 PUSCH repetition is beneficial for coverage enhancement. Furthermore, it gives latency reduction, compared to multiple HARQ retransmissions. Therefore, we think msg3 PUSCH repetition can be supported.
Proposal 11: Msg3 PUSCH repetition is supported in UL subbands.
Msg3 PUSCH repetition is requested by a UE via RACH partitioning feature. The UE is provided two RACH configurations, and if the UE selects the RACH configuration for requesting the msg3 PUSCH repetition, the BS receives the request.
If a RACH configuration of SBFD aware UE is defined as a feature of Rel-17 RACH partitioning, combination of msg3 PUSCH repetition and random access in SBFD symbols can be easily achieved by feature combination.
Observation 3: If a RACH configuration of SBFD aware UE is defined as a feature of RACH partitioning, combination of msg3 PUSCH repetition and random access in SBFD symbols can be easily achieved by feature combination.
1.6. Msg4 HARQ-ACK PUCCH
If random access in SBFD symbols is supported, msg4 HARQ-ACK PUCCH is followed by msg4 PDSCH including contention resolution ID. 
In principle, msg4 HARQ-ACK PUCCH is allocated at the edge of the initial uplink BWP. Therefore, most of the PUCCH resource allocation go outside of the UL subband. The supported offset value from the edge RB of the initial UL BWP to PUCCH RB is 0, 2, 3, 4, or . 
Figure 6 shows an example of SBFD frequency configuration in the initial UL BWP of size 273 PRBs (= 100 MHz channel bandwidth for 30 kHz SCS). As an example, DL subband size is set to 109 PRBs, guard band size is set to 2 PRBs, and UL subband size is set to 51 PRBs (corresponding to 20 MHz channel bandwidth). In this case, , and the RB offset indicates a PRB in a DL subband. 
If  is set to the value of the size of UL subband , the issue will be solved. Therefore, we propose the following.
Proposal 12: For msg4 HARQ-ACK PUCCH, in frequency resource offset determination,  is set to the value of the size of UL subband.


Figure 6: Example of SBFD frequency configuration in the initial UL BWP of size 273 PRBs (= 100 MHz channel bandwidth for 30 kHz SCS)
Conclusion
In this contribution, we have the following observation:
Observation 1: The gNB cannot get full control of CFRA resource if ROs overlapping with SSB in time domain but frequency domain is validated.
Observation 2: Option 2 of using two separate RACH configurations with reduced RRC parameters will achieve the goal of Option 1 with Alt 1-1.
Observation 3: If a RACH configuration of SBFD aware UE is defined as a feature of RACH partitioning, combination of msg3 PUSCH repetition and random access in SBFD symbols can be easily achieved by feature combination.
In this contribution, we have the following proposals:
Proposal 1: RAN1 supports reinterpretation of msg1-FrequencyStart which further is capped by a mod function. Otherwise, RAN1 does not support Option 1 with Alt 1-1 (revert the working assumption). 
Proposal 2: Independent SSB-to-RO mapping applied among the additional ROs is supported for Option 1 with Alt 1-1.
Proposal 3: ROs overlapping with SSB in the time domain is invalid for Option 1 with Alt 1-1.
Proposal 5: Alt 2-4 is supported (i.e., the additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs).
Proposal 6: ROs overlapping with SSB in the time domain is invalid for Option 2.
Proposal 7: CBRA in RRC IDLE mode UEs is supported.
Proposal 8: SIB1 includes SBFD configurations.
Proposal 9: Support of longer PRACH formats should be prioritized for SBFD aware UEs. If the support of longer PRACH formats is determined not enough for coverage, PRACH repetition can also be discussed.
Proposal 10: For msg3 PUSCH, in frequency hopping offset determination,  is set to the value of the size of UL subband.
Proposal 11: Msg3 PUSCH repetition is supported in UL subbands.
Proposal 12: For msg4 HARQ-ACK PUCCH, in frequency resource offset determination,  is set to the value of the size of UL subband.
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