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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN1 #116 bis [1], the following agreements were achieved with respect to SBFD random access operation.
	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 enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured indicated 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 indicated 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 indicated as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs).
· the RO in SBFD symbols configured indicated 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.

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.

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)



In this contribution, we discuss SBFD random access operation.
Discussion
SBFD operation in RRC_IDLE/INACTIVE mode for RA
When comparing RA in RRC CONNECTED and RRC_IDLE/INACTIVE mode, it can be found that the main difference lies in that for RA in RRC_IDLE/INACTIVE mode, the PRACH resources needs to be configured in SIB. Companies’ concerns on supporting SBFD operation in RRC_IDLE/INACTIVE mode for RA comes from the potential impact on UE-to-UE CLI.
During the discussion in RAN1 #116, the 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.



Together with the simulation in SI phase, at least under some deployment scenarios (e.g., indoor, Urban Macro), the CLI issues is not significant, while RA in SBFD symbols can bring promising benefits. Besides, the network has the capability to reasonably configure the PRACH resource in SBFD symbols, including enable/disable the related configuration. Thus, we think SBFD operation in RRC_IDLE/INACTIVE mode for RA can be supported.
Proposal 1: Support SBFD operation in RRC_IDLE/INACTIVE mode for RA.

SBFD operation for PRACH repetitions
In Rel-18, multiple PRACH transmission was introduced to enhance the coverage. Considering the intention of this WID is to enhance the latency as well as the coverage. We prefer to support PRACH repetitions on SBFD symbols.
During Rel-18 discussion for multiple PRACH transmissions, a concept of “RO group” was introduced for discussion purposes. To facilitate the discussion, the term “RO group” is utilized for related description. A RO group consists of a number of valid ROs which is equal to the configured number of multiple PRACH transmissions, and multiple PRACH can only be transmitted within one RO group. In addition, similar to SSB-RO association pattern period, a time period was introduced in Rel-18 for RO group determination. Meantime, detailed RO group determination method within the time period was specified as copied from TS 38.213 bellow.
	For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with same one or more SS/PBCH block index(es), and each SS/PBCH block index is associated with same preamble indexes in all valid PRACH occasions within the set.
For a PRACH transmission with preamble repetitions, a time period, starting from frame 0, is the smallest integer number of association pattern periods such that at least one set of valid PRACH occasions for each of the  SS/PBCH block indexes can be determined within the time period for all configured number of preamble repetitions. The set(s) of valid PRACH occasions for each configured number of preamble repetitions repeats every time period.
Within a time period, for set(s) of  valid PRACH occasions for a PRACH transmission with  preamble repetitions  
[bookmark: _Hlk144760579]-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined according to an ordering of valid PRACH occasions 
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
where, for each frequency resource index for frequency multiplexed PRACH occasions
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any,  
-	is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set, where each PRACH occasion is associated with same SS/PBCH block index(es) and each SS/PBCH block index is associated with same preambles, if TimeOffsetBetweenStartingRO is provided 
-	is after the PRACH occasions for the previous set, if TimeOffsetBetweenStartingRO is not provided



In summary, Rel-18 has already specified a whole procedure of PRACH repetitions, and {2, 4, 8} repetitions are supported. Naturally, it can be extended to SBFD symbols. We think Rel-18 PRACH repetition mechanism can be basically reused. In addition, the related spec efforts seem not much. Thus, we have the following proposal:
Proposal 2: Support PRACH repetitions for SBFD related random access operation.
PRACH resouce configuration
For PRACH resource configuration, there are several issues to be discussed as follows:
Issue #1:Wether to use existing random access configurations table
Based on current PRACH configuration mechanism, RO in time domain can be configured by the following method: {RACH-ConfigDedicated or RACH-ConfigCommon} or BeamFailureRecoveryConfig or SI-RequestConfig or EarlyUL-SyncConfig ->RACH-ConfigGeneric->prach-ConfigurationIndex
where one of 256 entries can be indicated from a PRACH configuration table and all of needed time domain information as well as PRACH format can be known. Within the PRACH configuration table, it can be seen that there are abundant of PRACH configuration patterns, basically we think it already provides enough flexibility. In the following, we take the frame structure “DDDSU DDSUU”, Preamble format 0 as an example, the configuration of RO in time domain is illustrated in Fig. 1.
[image: ]
Fig.1 Illustration of RO configuration for Preamble format 0 and “DDDSU DDSUU”
In figure one, the rectangle with color indicates the location of RO, where the grey one indicates the RO configured in “DD” or “DS”; the yellow one indicates the RO across “U” and “D”; the red one indicates the RO configured in “UU” which is valid for non-SBFD aware UE. Thus, for SBFD operation, we only need to consider the RO colored grey or yellow. It can be seen from Fig.1 that the current configuration already provides flexibility of RO configuration for SBFD operation. Thus, we don’t see there is a need to introduce new entries.
Observation 1: Current PRACH configuration table provides flexibility of RO configuration for SBFD operation, it seems no need to introduce new entries.
During the discussion in RAN1 #116bis, it was agreed to use existing random access configurations tables for unpaired spectrum for Option 1 (i.e., use one single RACH configuration with possible enhancement). While for Option 2, the following options are listed to be considered.
	· 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)



From our perspective, we think it should be avoided to introduce new entries. For FR1, whether to select Alt 1 or Alt 2 has some relationship with the following agreement. If Alt 2-4 is supported, then we think Alt 1 can be supported, while if Alt 2-3 is supported, we think Alt 2 can be considered to provide more valid ROs on SBFD symbols. Thus, we think the following down-selection should be made in prior to the above one.
	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.



Proposal 3: Postpone the down-selection of whether to reuse existing table or introduce new entries for Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) until decision has been made with respect to whether the additional-ROs in non-SBFD symbols configured by additional RACH configuration is valid for SBFD-aware UEs for Option 2.
Validation of RO for SBFD operation
Issue #1: Whether the additional-ROs in non-SBFD symbols configured by additional RACH configuration is valid for SBFD-aware UEs for Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration)
The following two alternatives are to be down-selected in this meeting:
	· 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.



Considering it was agreed that 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, which indicates legacy valid ROs can be utilized by SBFD-aware UE for PRACH transmission. If Alt 2-4 is supported, it seems hard to avoid the overlapping in time domain between legacy RACH configuration and additional RACH configuration. Then, at least the following issues may be caused:
· Firstly, since SSBs are separately mapped to the ROs configured by legacy and additional RACH configuration, there may be more numbers of different SSB indexes in frequency domain when the overlapping occurs. Although anyway the RO is configured by gNB, it knows its ability, but when the gNB is not that powerful to detect a number of SSBs at the same time instance, it’ll avoid such kind of configuration, which result in a flexibility issue.
· Secondly, some additional rules may be needed to split the valid ROs configured from legacy and additional RACH configuration. Then cannot be deemed as a whole group when considering other functions e.g., PRACH mask related operations.
Thus, we support Alt 2-3.
Proposal 4: For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), support Alt 2-3 (i.e., The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.)

Issue #2: Validation rules for SBFD operation
Regarding the following agreement, the first sub-bullet of the second bullet may cause ambiguity. Since it says “Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB.”, it’ll cause a misleading to interpretate it as “Time and frequency resource of the RO are fully within UL usable PRBs, and time and frequency resource of the RO are not overlapped with SSB.”
	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 indicated 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 indicated 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 indicated as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs).
· the RO in SBFD symbols configured indicated 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.


Thus, we think a conclusion is needed for clarification.
Proposal 5: It’s RAN1’s common understanding that “Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB” in the above agreement means “Time and frequency resource of the RO are fully within UL usable PRBs, and time resource of the RO is not overlapped with SSB”
For Option 2, the following FL proposal was discussed during RAN1 #116 bis.
	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,
· for the additional-ROs in SBFD symbols configured by additional RACH configuration, they are 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.



Different from Option 1, where only one single RACH configuration is utilized, Option 2 has separate PRACH configurations for SBFD PRACH operation. Thus, separate frequency resources can be configured on SBFD symbols, which indicates the RO can be configured far away from SSB in frequency domain. If overlapping between SSB and RO in time domain is not allowed, the number of valid ROs on SBFD symbols may be impacted significantly. Thus, we think further study is needed to check the consequence if overlapping between SSB and RO is allowed. Thus, we have the following proposal.
Proposal 6: 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,
· for the additional-ROs in SBFD symbols configured by additional RACH configuration, they are valid if at least:
· time and frequency resource of the RO are fully within UL usable PRBs
· FFS: Other condition.

Issue #3: Whether valid RO can across SBFD and non-SBFD symbols
In RAN1 #116 meeting, two options are agreed to be studied as follows:
· Option 1: a valid RO can only be on SBFD symbols or on non-SBFD symbols.
· Option 2: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots.
We think the pros of Option 2 is simple, it provides more valid ROs, e.g., the ROs colored yellow can be valid ROs based on Option 2. The possible issue for Option 2 may lie in: the transmission or reception parameters may be different between SBFD and non-SBFD symbols; the transition between SBFD and non-SBFD symbols may cause some problem. I think we need to make it clear in the following aspects: whether Option 2 is workable, what’s the price for that and whether it is worthwhile to pay the price. We think currently the above aspects is not clear for us. Thus, we can’t support Option 2 at this moment.
PRACH power control
In current spec., the PRACH transmission power is determined as:

It can be known that PRACH transmission power is related to  and . For , it is determined within transmission occasion i, thus for SBFD operation, there is no need to introduce a new parameter, current parameter is enough. For , it is provided by higher layers. Notice that the preamble target received power may be different between SBFD and non-SBFD, thus we think it’s better to support separate configuration of .
Proposal 7: Support separate configuration of  for SBFD operation.

Conclusions
In this contribution, we discuss remaining issues on PRACH coverage enhancement and have following proposals and observations:
Observation 1: Current PRACH configuration table provides flexibility of RO configuration for SBFD operation, it seems no need to introduce new entries.

Proposal 1: Support SBFD operation in RRC_IDLE/INACTIVE mode for RA.
Proposal 2: Support PRACH repetitions for SBFD related random access operation.
Proposal 3: Postpone the down-selection of whether to reuse existing table or introduce new entries for Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) until decision has been made with respect to whether the additional-ROs in non-SBFD symbols configured by additional RACH configuration is valid for SBFD-aware UEs for Option 2.
Proposal 4: For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration), support Alt 2-3 (i.e., The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.)
Proposal 5: It’s RAN1’s common understanding that “Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB” in the above agreement means “Time and frequency resource of the RO are fully within UL usable PRBs, and time resource of the RO is not overlapped with SSB”
Proposal 6: 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,
· for the additional-ROs in SBFD symbols configured by additional RACH configuration, they are valid if at least:
· time and frequency resource of the RO are fully within UL usable PRBs
· FFS: Other condition.
Proposal 7: Support separate configuration of  for SBFD operation.
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