3GPP TSG RAN WG1 #117		R1-2404399
Fukuoka City, Fukuoka, Japan, May 20th – 24th, 2024

Source:	CATT
[bookmark: Title]Title:	Discussion on SBFD random access operation
[bookmark: Source]Agenda Item:	9.3.2
[bookmark: DocumentFor]Document for:	Decision

[bookmark: _Ref521334010]Introduction
In RAN#102 meeting, the following objective was approved for SBFD operation in random access operation [1].
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]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


In this contribution, we provide our views on different aspects of SBFD random access operation.
Discussion
Random access by UEs in RRC CONNECTED mode
RACH configuration
According to the following working assumption achieved in RAN1#116bis meeting, both RACH configuration Option 1 with Alt 1-1 and RACH configuration Option 2 are supported [2]. There are some remaining issues for each option.
	Working Assumption
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]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.
· [bookmark: OLE_LINK12][bookmark: OLE_LINK36][bookmark: OLE_LINK38]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.
· [bookmark: OLE_LINK53][bookmark: OLE_LINK54]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.



For Option 1 with Alt 1-1, there is an FFS on whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon. This is motivated by the case that ROs are outside UL usable PRBs in SBFD symbols according to current interpretation of msg1-FrequencyStart, i.e. msg1-FrequencyStart is used to indicate the frequency offset of lowest RO with respective to PRB 0. One example is shown in Figure 1a where ROs are configured at the edge of the UL BWP to avoid uplink resource fragmentation in full uplink symbols. To address the issue, one possibility is to reinterpret msg1-FrequencyStart in rach-ConfigCommon for SBFD symbols configured as DL in TDD-UL-DL-ConfigCommon, e.g. as the frequency offset of lowest RO with respective to the first UL usable PRB as shown in Figure 1b.
	[image: ]
Figure 1a: legacy interpretation
	[image: ]Figure 1b: new interpretation


[bookmark: _Ref166250379]Figure 1: ROs outside UL usable PRBs based on msg1-FrequencyStart w/ or w/o reinterpretation
[bookmark: OLE_LINK41][bookmark: OLE_LINK44][bookmark: _Ref166155955]However, it is not always the case that ROs based on current interpretation of msg1-FrequencyStart are outside UL usable PRBs in SBFD symbols, as shown in Figure 2. For DU pattern shown in the left figure, the RACH resources at the edge of the UL BWP are also within the UL usable PRBs. For the case that ROs are configured in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, gNB would configure valid ROs based on legacy RO validation rule to be within the UL usable PRBs, as shown in the right figure in Figure 2. 
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[bookmark: OLE_LINK23][bookmark: OLE_LINK29]Figure 2: ROs inside UL usable PRBs based on msg1-FrequencyStart 
Observation 1: There are cases where ROs based on current interpretation of msg1-FrequencyStart are already within UL usable PRBs so that reinterpretation of msg1-FrequencyStart for Option 1 with Alt 1-1 is not always needed.
In order to determine whether to reinterpret msg1-FrequencyStart, explicit indication or implicit rules can be considered as below.
· Option 1: An explicit indication is provided by gNB to indicate SBFD aware UEs whether to reinterpret msg1-FrequencyStart or not. 
· Option 2: SBFD aware UEs determine whether to reinterpret msg1-FrequencyStart based on predefined rules, e.g. reinterpret msg1-FrequencyStart only when none of the ROs determined based on the legacy interpretation of msg1-FrequencyStart is within the UL usable PRBs.
Proposal 1: For RACH configuration Option 1 with Alt 1-1, if reinterpretation of msg1-FrequencyStart is supported, it is not applicable to all the cases. 
· Explicit or implicit scheme needs to be defined for SBFD aware UEs to determine whether to reinterpret msg1-FrequencyStart. 
As discussed for Figure 1b, msg1-FrequencyStart can be reinterpreted as the frequency offset of lowest RO with respective to the first UL usable PRB. However, it is still possible that the lowest RO in frequency domain is outside UL usable PRBs if the value of msg1-FrequencyStart is large as shown in Figure 3a. Further enhancements can be discussed, e.g. the frequency offset is mod (msg1-FrequencyStart, bandwidth of UL usable PRBs) as shown in Figure 3b.
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Figure 3a: new interpretation w/o mod operation
	[image: ]
Figure 3b: new interpretation w/ mod operation


[bookmark: _Ref166248077]Figure 3: ROs outside UL usable PRBs based on msg1-FrequencyStart with reinterpretation w/ or w/o mod 
Proposal 2: For RACH configuration Option 1 with Alt 1-1, if reinterpretation of msg1-FrequencyStart is supported and UE determines to reinterpret msg1-FrequencyStart, frequency offset of lowest RO with respective to the lowest UL usable PRB is mod (msg1-FrequencyStart, bandwidth of UL usable PRBs) in SBFD symbols configured as DL by tdd-UL-DL-ConfigurationCommon.
For Option 2, we discuss the remaining issue on whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration. 
The current IE structure of RACH configuration parameters is shown in Figure 4. The IE BWP-UplinkCommon is used to configure the common parameters of an uplink BWP, including RACH configurations.
[image: ]
[bookmark: _Ref166232146]Figure 4: Illustration of framework of RACH configurations in TS38.331
In Rel-15, legacy RACH configurations are provided by rach-ConfigCommon. In Rel-16 IAB, rach-ConfigCommonIAB-r16 was introduced to provide IAB-MTs with different RACH configurations from the RACH configurations provided to UEs, where rach-ConfigCommon is reused to provide RACH configuration. In Rel-17, a set of additional RACH transmission occasions are provided by additionalRACH-ConfigList-r17 for different features or feature combinations. For each additional RACH configuration configured by AdditionalRACH-Config, rach-ConfigCommon is reused to provide RACH configuration. In summary, RACH configurations for different features in the current specification are all provided by rach-ConfigCommon under different IEs.
In addition, according to the analyses in our contribution in RAN1#116bis meeting [3], a list of parameters should be separately configured for RACH in SBFD symbols including:
· Frequency resource configuration
· Time resource configuration and preamble format
· SSB-to-RO mapping parameters
· Power control parameters
· Preamble partitioning parameters
Considering majority of the parameters for RACH in SBFD symbols need separate configuration, in order to minimize specification efforts, it is proposed to include all the parameters currently in rach-ConfigCommon in the additional RACH configuration.
Proposal 3: For RACH configuration Option 2, all the parameters currently in rach-ConfigCommon are included in additional RACH configuration.
According to the following agreements, existing random access configuration tables for unpaired spectrum are reused in RACH configuration Option 1 while whether/how to enhance the random access configuration tables in RACH configuration Option 2 needs further study [2].
	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 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)



For FR1, although the existing random access configuration tables for unpaired spectrum (i.e. Table 6.3.3.2-3 in TS38.211) can provide valid ROs in SBFD symbols for SBFD aware UEs in most scenarios, some restrictions are observed for long PRACH format.
For TDD configurations DDDSUDDSUU and DDDSUDDDSU with 30 kHz SCS, PRACH format 1/2 cannot be supported in case a valid RO can only be on SBFD symbols or on non-SBFD symbols. For TDD configuration DDDDDDDSUU, PRACH format 1/2 can be supported in legacy DL symbols and it is not supported in existing configuration tables.
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]In addition, PRACH configurations for long PRACH format 0/3 with periodicity larger than 10ms can only occupy subframe 4 or subframe 9. For TDD configuration DDDSUDDDSU with 30 kHz SCS, subframe 4/9 across legacy D symbols and U symbols would be invalid if a valid RO can only be on SBFD symbols or on non-SBFD symbols. It cannot be solved by reusing the PRACH configurations in random access configuration tables for paired spectrum (i.e. Table 6.3.3.2-2 in TS38.211).
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63]For TDD configurations DDDSUDDSUU and DDDDDDDSUU with 30 kHz SCS, subframes 4 and 9 are full uplink subframe. Hence, if the additional ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs, i.e. Alt 2-3 is adopted for RACH configuration Option 2, none of PRACH configurations in Table 6.3.3.2-3 can provide ROs in legacy DL symbols in TDD configurations DDDSUDDSUU and DDDDDDDSUU with periodicity larger than 10ms.
Further, for PRACH format 0/3 with 10ms periodicity in TDD configuration DDDSUDDSUU, only two PRACH configurations in Table 6.3.3.2-3 can provide two valid ROs in legacy DL symbols, respectively. The number of the available PRACH configuration indexes may not satisfy the requirement of configuration flexibility for PRACH format 0/3 in TDD configuration DDDSUDDSUU.
In summary, whether to enhance the existing random access configuration tables for unpaired spectrum for long PRACH formats needs to be discussed. 
Proposal 4: Discuss whether to enhance the existing random access configuration tables for unpaired spectrum for long PRACH formats to address the following restrictions:
· PRACH format 1/2 cannot be supported in all three typical TDD configurations according to the PRACH configurations in Table 6.3.3.2-3 in TS38.211 in case a valid RO can only be on SBFD symbols or on non-SBFD symbols.
· PRACH format 0/3 with periodicity of larger than 10ms cannot be supported in TDD configuration DDDSUDDDSU according to the PRACH configurations in Table 6.3.3.2-3 in case a valid RO can only be on SBFD symbols or on non-SBFD symbols.
· PRACH format 0/3 with periodicity of larger than 10ms cannot be supported in TDD configuration DDDSUDDSUU and DDDDDDDSUU according to the PRACH configurations in Table 6.3.3.2-3 in case an additional RO configured by additional RACH configuration is valid on SBFD symbols only.
· Fewer PRACH configurations with 10ms periodicity in TDD configuration DDDSUDDSUU can be supported for PRACH format 0/3 in case an additional RO configured by additional RACH configuration is valid on SBFD symbols only.
For FR2, existing PRACH configuration(s) in the existing random access configurations table for unpaired spectrum (i.e. Table 6.3.3.2-4 in TS38.211) can provides ROs in legacy DL symbols for each PRACH format. Hence, there is no need to introduce new parameter(s) or new entries to determine additional ROs in SBFD symbols.
Proposal 5: For RACH configuration Option 2, use existing random access configurations table (i.e. Table 6.3.3.2-4 in TS38.211) for unpaired spectrum in FR2 without introducing new parameter(s) to determine the slot number for ROs in SBFD symbols.
RO validation rule
Whether a valid RO can be across SBFD and non-SBFD symbols was discussed in RAN1#116 meeting without consensus [4].
	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
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]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.



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Currently, RAN1 is discussing whether guardband(s) are needed from SBFD aware UE perspective. If needed, we need to further discuss whether transition period between non-SBFD and SBFD symbols is needed for SBFD aware UEs. It is proposed to postpone the decision between Option 1 and Option 2 after we conclude whether transition period between non-SBFD and SBFD symbols is needed for SBFD aware UEs.
Proposal 6: Postpone the decision between Option 1 and Option 2 after we conclude whether transition period between non-SBFD and SBFD symbols is needed for SBFD aware UEs.
Further, the following agreement on the validation rule in RACH configuration Option 1 was achieved in the last meeting [2]. 
	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.
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]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)
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27]the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK37]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.



We support the first FFS in the above agreement, which provides SBFD aware UEs with more transmission opportunities for PRACH transmission. Resource selection between legacy ROs valid for non-SBFD aware UEs and additional ROs only valid for SBFD aware UEs is further discussed in the next section.
For the second FFS, it implies that SBFD aware UEs perform RO validation considering whether ROs are within UL usable PRBs, which is contradictory with the first bullet of no enhancements for RO validation rule for symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. Hence, the description of the second FFS needs to be updated.
It is necessary to further discuss RO validation with related to SSB and non-SBFD DL symbols. Legacy validation rule in case tdd-UL-DL-ConfigurationCommon is provided is copied below.
	[bookmark: _Hlk29801864]-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1. 



Specifically, a legacy valid RO cannot precede a SS/PBCH block in the PRACH slot due to UL transmission before DL in a slot is not supported in legacy unpaired spectrum. However, since SBFD gNB can receive and transmit simultaneously in SBFD symbols, the ROs in SBFD symbols preceding a SS/PBCH block can be valid for SBFD aware UE. 
In order to avoid the interference from full DL symbols, the limitation on a valid RO starting at least 𝑁gap symbols after a last non-SBFD downlink symbol should be reserved in the validation rule for ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon. 
[image: ]
[bookmark: _Ref165896800]Figure 5: Illustration of a valid RO in a RACH slot
As for the rule in the agreement that a valid RO cannot overlap with SSB, considering whether to support UL transmission in SSB symbols is under discussion in AI 9.3.1, it is premature to directly invalidate a RO overlapping with a SS/PBCH block. Common design can be discussed for both RACH configuration Option 1 and RACH configuration Option 2.
In summary, we have the following proposal on the validation rule for RACH configuration Option 1.
Proposal 7: 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). 
· The ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· It’s up to network configuration to ensure the valid ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon based on legacy RO validation rule, are within the UL usable PRBs.
· The RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· [bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74]Frequency resources of the RO are fully within UL usable PRBs and start at least Ngap symbols after a last non-SBFD downlink symbol.
· FFS the RO overlapped with a SS/PBCH block.
Another agreement on the validation rule for RACH configuration Option 2 was achieved in the last meeting [2]. 
	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: 
· [bookmark: OLE_LINK68][bookmark: OLE_LINK69]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.



There is no consensus on whether additional ROs in non-SBFD symbols configured by additional RACH configuration are valid or not for SBFD-aware UEs. The objective of SBFD operation in RACH procedure is to support random access in SBFD symbols. It is not necessary to introduce additional ROs in non-SBFD symbols configured by additional RACH configuration for SBFD aware UEs. In addition, RACH resources are configured to be within UL usable PRBS, which may be in the middle of UL. If the additional ROs in non-SBFD symbols are valid for SBFD aware UEs, uplink resource fragmentation issue happens in full uplink symbols. Further, due to separate SSB-to-RO mapping for legacy RACH configuration and additional RACH configuration, different SSBs may map to the ROs in the same symbol which requires different Rx beams at gNB side. Hence, Alt 2-3 is preferred, i.e. the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 8: For RACH configuration Option 2, the additional ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
For ROs in SBFD symbols, the RO validation rule on time resource should be updated similar as that for ROs in DL SBFD symbols in RACH configuration Option 1. Specifically, a valid RO starts at least 𝑁gap symbols after a last non-SBFD downlink symbol. The restriction that a valid RO cannot precede a SS/PBCH block in the PRACH slot should be relaxed. In addition, common design on whether a RO overlapped with a SS/PBCH block is valid or not in RACH configuration Option 1 and RACH configuration Option 2 should be further discussed according to the progress in AI 9.3.1.
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]The update of validation rule on frequency resource depends on whether additional-ROs in non-SBFD symbols configured by additional RACH configuration are valid for SBFD-aware UEs, i.e. the down selection between Alt 2-3 and Alt 2-4.
If Alt 2-3 is adopted, only the additional ROs in SBFD symbols are valid. It should be up to gNB configuration to ensure RACH resources to be within the UL usable PRBs, which is similar as the legacy gNB implementation highlighted in yellow in full uplink symbols. Hence, it is not necessary to define additional validation rule on frequency resource. 
	RACH-ConfigGeneric field descriptions

	msg1-FDM
The number of PRACH transmission occasions FDMed in one time instance. (see TS 38.211 [16], clause 6.3.3.2).

	msg1-FrequencyStart
Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0. The value is configured so that the corresponding RACH resource is entirely within the bandwidth of the UL BWP. (see TS 38.211 [16], clause 6.3.3.2).



If Alt 2-4 is adopted, additional ROs can be valid in both SBFD symbols and non-SBFD symbols. The motivation of RACH resources configured partial outside the UL usable PRBs in SBFD symbols may be to obtain more valid ROs in full uplink symbols as shown in Figure 6. In our opinion, SBFD random access operation should focus on the valid ROs in SBFD symbols. It is not essential to configure more valid ROs in full uplink symbol in SBFD RACH procedure. However, if the configuration is acceptable during further discussion, it is necessary to define additional validation rule on frequency resource for ROs in SBFD symbols configured by the additional RACH configuration, e.g. frequency resources of the RO are fully within UL usable PRBs.
          [image: ]
[bookmark: _Ref166171251]Figure 6: RACH resource partial outside the UL usable PRBs in SBFD symbols in Option 2
Observation 2: The update of validation rule on frequency resource depends on whether additional-ROs in non-SBFD symbols configured by additional RACH configuration are valid for SBFD-aware UEs.
Proposal 9: For RACH configuration Option 2, the RO in SBFD symbols is valid if:
· Start at least 𝑁gap symbols after a last non-SBFD downlink symbol.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]FFS a RO overlapped with a SS/PBCH block.
· FFS frequency resource of the RO are fully within UL usable PRBs
Legacy ROs configured by legacy RACH configuration can be valid for SBFD aware UEs similar as that in RACH configuration Option 1. Resource selection between legacy ROs valid for non-SBFD aware UEs and additional ROs only valid for SBFD aware UEs is together discussed in the next section.
Proposal 10: For RACH configuration Option 2, the legacy ROs in non-SBFD symbols configured by the legacy RACH configuration are also valid for SBFD aware UEs.
SSB-to-RO mapping
Legacy SSB-RO mapping rules are applied to the legacy ROs configured by the legacy RACH configuration in both RACH configuration Option 1 and RACH configuration Option 2 according to the following agreements, respectively [2]. 
	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.
· [bookmark: OLE_LINK48][bookmark: OLE_LINK49]For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used

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.



[bookmark: OLE_LINK50][bookmark: OLE_LINK51]For RACH configuration Option 2, it is straightforward that separate SSB-to-RO mapping is performed for additional ROs configured by separate configurations by reusing legacy SSB-to-RO mapping rule. 
For RACH configuration Option 1, it has been agreed that separate SSB-to-RO mapping will be used for the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon. Remaining issue is whether to introduce new SSB-to-RO mapping rule for the ROs in DL SBFD symbols to reduce the latency of SSB-to-RO mapping cycle. In our opinion, reusing legacy SSB-to-RO mapping rule can minimize specification impact and a unified SSB-to-RO mapping rule is adopted for RACH configuration Option 1 and RACH configuration Option 2. Hence, legacy SSB-to-RO mapping rule should be applied for the additional ROs derived by legacy RACH configuration in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Proposal 11: For RACH configuration Option 1, legacy SSB-to-RO mapping rule is reused for the additional valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
Proposal 12: For RACH configuration Option 2, separate SSB-to-RO mapping is performed for the additional ROs configured by the additional RACH configuration and legacy SSB-to-RO mapping rule is reused.
Resource selection
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]When determining the transmission occasion for a SBFD aware UE, one possibility is to always select a RO from additional ROs only during a RACH process as shown in Figure 7. However, considering the larger interference on additional ROs in SBFD symbols, SBFD aware UEs may always fail to access on the additional ROs. According to the above analysis in section 2.1.2, it is preferred that both legacy ROs configured by legacy RACH configuration and additional ROs derived by the legacy RACH configuration or by an additional RACH configuration are valid for SBFD aware UEs in RACH configuration Option 1 and RACH configuration Option 2. Hence, it is not preferred to select a RO from additional ROs only for the whole RACH procedure.


[bookmark: _Ref166174613]Figure 7: SBFD aware UEs always select a RO from additional ROs
A unified rule should be defined for SBFD aware UEs to select a transmission occasion from the two sets of ROs in a RACH procedure for RACH configuration Option 1 and RACH configuration Option 2. Following options for RO selection rule can be considered.
· Option 1: Prioritize additional ROs for the first set of RACH attempts and fallback to legacy ROs when fallback condition is met.
· Option 2: Select a RO from additional ROs and legacy ROs in each RACH attempt.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]The flow chart of Option 1 is shown in Figure 8. The idea is that for the first N RACH attempts, SBFD aware UEs select ROs from additional ROs. After N RACH attempts, SBFD aware UEs fall back to legacy ROs. Furthermore, additional criteria can be considered before the first RACH attempt to determine whether additional ROs can be used, e.g. based on DL RSRP or PRACH transmission power etc. 


[bookmark: _Ref166223355]Figure 8: Procedure of resource selection Option 1
The flow chart of Option 1 is shown in Figure 9. In Option 2, for each RACH attempt, UE can select a RO from additional ROs and legacy ROs. SBFD aware UEs can randomly select a RO from the available ROs in each RACH attempt similar as the UE behavior in the current specification. Alternatively, SBFD aware UEs can select the earliest RO from the available ROs to reduce PRACH transmission latency. Both alternatives can be further discussed.


[bookmark: _Ref166254583]Figure 9: Procedure of resource selection Option 2
Proposal 13: Following RO selection rules from legacy ROs and additional ROs can be further discussed.
· Option 1: Prioritize additional ROs for the first set of RACH attempts and fallback to legacy ROs when fallback condition is met.
· FFS additional criteria to select additional ROs
· Option 2: Select a RO from additional ROs and legacy ROs in each RACH attempt.
· FFS details on RO selection
SBFD aware UEs can select a RO from legacy ROs or additional ROs in a RACH procedure in each option above. gNB can identify a SBFD aware UE if PRACH is transmitted on an additional RO. For legacy ROs, it is necessary to discuss whether to support early identification. Early identification of SBFD aware UEs on legacy RO would lead to further preamble partitioning for SBFD aware UEs and non-SBFD aware UEs, which would reduce the capacity of random access for non-SBFD aware UEs in legacy ROs. Further, if early identification is supported, different configurations of preamble partitioning are needed for additional ROs and legacy ROs defined in RACH configuration Option 1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration), which is not allowed according to the agreement. Hence, we propose not to support early identification on legacy ROs configured by legacy RACH configuration.
Proposal 14: Do not support early identification for SBFD aware UEs on legacy ROs configured by legacy RACH configurations.
PRACH repetition
The following agreement was achieved in RAN1#116 meeting [4].
	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.



[bookmark: OLE_LINK30][bookmark: OLE_LINK31]PRACH repetition was introduced in Rel-18 to improve the coverage performance. Considering the coverage improvement is one of the motivations to specify SBFD operation during random access, it is beneficial for SBFD aware UEs to support PRACH repetition at least in SBFD symbols. Whether PRACH repetitions can be across SBFD symbols and non SBFD symbols or not depends on the determination of available ROs for SBFD aware UEs including whether ROs in non-SBFD symbols are valid for SBFD aware UEs and whether a valid RO can across SBFD symbols and non-SBFD symbols. The details of PRACH repetition for SBFD aware UEs can be discussed later.
Proposal 15: For SBFD aware UEs in RRC_CONNECTED state, support PRACH repetition in SBFD symbols.
· FFS whether PRACH repetition can across SBFD symbols and non SBFD symbols.
· FFS whether PRACH repetition mechanism can be reused in SBFD random access.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Msg2/Msg3/Msg4 enhancement
In frequency domain, the configuration of SBFD subbands in DL symbols may have impact on the DL receptions including Msg2 PDSCH and Msg4 PDSCH, e.g. FDRA across two DL subbands and unaligned boundaries etc. In general, we propose to reuse the enhancements for DL receptions in non RACH procedure as discussed in [5]. 
Proposal 16: Reuse the enhancements on DL receptions in non RACH procedure for Msg2 and Msg4 PDSCH if needed.
[bookmark: OLE_LINK11][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Regarding Msg3 PUSCH and PUCCH for Msg4, the restriction on frequency resource exists in SBFD subbands configured in both flexible and DL symbols indicated by TDD-UL-DL-ConfigCommon. For Msg3 PUSCH scheduled by RAR UL grant, the frequency resource is allocated with reference to initial UL BWP. Furthermore, frequency hopping can be enabled according to the frequency hopping flag in the RAR UL grant. The frequency position of the second PUSCH transmission hop is determined based on the hopping offset and size of BWP in the current specification. Similar enhancement on PUSCH discussed in non-RA scenario can be reused to ensure the frequency resource allocation of Msg3 PUSCH in SBFD symbols. 
In addition, Msg3 repetition based on available slot counting is supported in Rel-17. The definition of available slot counting can be updated by taking the subband frequency location into account in SBFD symbols.
Proposal 17: The enhancements on PUSCH transmission in non RACH procedure can be reused for Msg3 PUSCH with or without frequency hopping.
Proposal 18: Update the definition of available slot counting by taking the subband frequency location into account in SBFD symbols for Msg3 repetition.
As to PUCCH for Msg4, a PUCCH resource set including 16 PUCCH resources is provided through a row index for HARQ-ACK on PUCCH in initial UL BWP as specified in TS38.213 if a UE does not have dedicated PUCCH resource configuration [6]. Otherwise, dedicated PUCCH resource set is used for PUCCH for Msg4. Frequency resource of the PUCCH resource set is configured with reference to the UL BWP. In addition, the frequency hopping of PUCCH for Msg4 is supported. The frequency position of each hop may be outside of the SBFD subband. Hence, the enhancement on PUCCH for Msg4 should be discussed to ensure the transmissions in SBFD symbols are within the UL subband for a UE without dedicated PUCCH resource configuration. Otherwise, similar enhancement on PUCCH discussed in non-RA scenario can be reused for PUCCH for Msg4 using dedicated PUCCH resource.
Proposal 19: Consider enhancements on PUCCH for Msg4 in RACH procedure to ensure PUCCH transmission in UL subband in SBFD symbols. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Random access by UEs in RRC_IDLE/INACTIVE mode
Random access in SBFD symbols can reduce the RACH latency for UEs in RRC_IDLE/INACTIVE mode, improve the capacity of random access and the coverage of random access. It is beneficial to support SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access. 
According to the objective in the WID, both CBRA and CFRA are supported in SBFD symbols by UEs in RRC_CONNECTED mode. In our opinion, the RACH procedure of CBRA does not distinguish RRC mode. The interference is the same for UEs in RRC_IDLE/INACTIVE mode and RRC_CONNECTED mode during CBRA procedure. Common design can be reused from random access in SBFD symbols by UEs in RRC_CONNECTED mode without additional specification efforts. In addition, it is more efficient for PRACH resources to be used by UEs not only in RRC_CONNECTED mode but also in RRC_IDLE/INACTIVE mode. Hence, we propose to support SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 20: Support SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access.
· Common design can be used for random access in SBFD symbols by UEs in both in RRC_CONNECTED mode and in RRC_IDLE/INACTIVE mode.
Conclusion
In this contribution, we share our views on SBFD random access operation. The observations and proposals are summarized as follows:
Observation 1: There are cases where ROs based on current interpretation of msg1-FrequencyStart are already within UL usable PRBs so that reinterpretation of msg1-FrequencyStart for Option 1 with Alt 1-1 is not always needed.
Observation 2: The update of validation rule on frequency resource depends on whether additional-ROs in non-SBFD symbols configured by additional RACH configuration are valid for SBFD-aware UEs.

Proposal 1: For RACH configuration Option 1 with Alt 1-1, if reinterpretation of msg1-FrequencyStart is supported, it is not applicable to all the cases. 
· Explicit or implicit scheme needs to be defined for SBFD aware UEs to determine whether to reinterpret msg1-FrequencyStart. 
Proposal 2: For RACH configuration Option 1 with Alt 1-1, if reinterpretation of msg1-FrequencyStart is supported and UE determines to reinterpret msg1-FrequencyStart, frequency offset of lowest RO with respective to the lowest UL usable PRB is mod (msg1-FrequencyStart, bandwidth of UL usable PRBs) in SBFD symbols configured as DL by tdd-UL-DL-ConfigurationCommon.
Proposal 3: For RACH configuration Option 2, all the parameters currently in rach-ConfigCommon are included in additional RACH configuration.
Proposal 4: Discuss whether to enhance the existing random access configuration tables for unpaired spectrum for long PRACH formats to address the following restrictions:
· PRACH format 1/2 cannot be supported in all three typical TDD configurations according to the PRACH configurations in Table 6.3.3.2-3 in TS38.211 in case a valid RO can only be on SBFD symbols or on non-SBFD symbols.
· PRACH format 0/3 with periodicity of larger than 10ms cannot be supported in TDD configuration DDDSUDDDSU according to the PRACH configurations in Table 6.3.3.2-3 in case a valid RO can only be on SBFD symbols or on non-SBFD symbols.
· PRACH format 0/3 with periodicity of larger than 10ms cannot be supported in TDD configuration DDDSUDDSUU and DDDDDDDSUU according to the PRACH configurations in Table 6.3.3.2-3 in case an additional RO configured by additional RACH configuration is valid on SBFD symbols only.
· Fewer PRACH configurations with 10ms periodicity in TDD configuration DDDSUDDSUU can be supported for PRACH format 0/3 in case an additional RO configured by additional RACH configuration is valid on SBFD symbols only.
Proposal 5: For RACH configuration Option 2, use existing random access configurations table (i.e. Table 6.3.3.2-4 in TS38.211) for unpaired spectrum in FR2 without introducing new parameter(s) to determine the slot number for ROs in SBFD symbols.
Proposal 6: Postpone the decision between Option 1 and Option 2 after we conclude whether transition period between non-SBFD and SBFD symbols is needed for SBFD aware UEs.
Proposal 7: 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). 
· The ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· It’s up to network configuration to ensure the valid ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon based on legacy RO validation rule, are within the UL usable PRBs.
· The RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· Frequency resources of the RO are fully within UL usable PRBs and start at least Ngap symbols after a last non-SBFD downlink symbol.
· FFS the RO overlapped with a SS/PBCH block.
Proposal 8: For RACH configuration Option 2, the additional ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Proposal 9: For RACH configuration Option 2, the RO in SBFD symbols is valid if:
· Start at least 𝑁gap symbols after a last non-SBFD downlink symbol.
· FFS a RO overlapped with a SS/PBCH block.
· FFS frequency resource of the RO are fully within UL usable PRBs
Proposal 10: For RACH configuration Option 2, the legacy ROs in non-SBFD symbols configured by the legacy RACH configuration are also valid for SBFD aware UEs.
[bookmark: _GoBack]Proposal 11: For RACH configuration Option 1, legacy SSB-to-RO mapping rule is reused for the additional valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
Proposal 12: For RACH configuration Option 2, separate SSB-to-RO mapping is performed for the additional ROs configured by the additional RACH configuration and legacy SSB-to-RO mapping rule is reused.
Proposal 13: Following RO selection rules from legacy ROs and additional ROs can be further discussed.
· Option 1: Prioritize additional ROs for the first set of RACH attempts and fallback to legacy ROs when fallback condition is met.
· FFS additional criteria to select additional ROs
· Option 2: Select a RO from additional ROs and legacy ROs in each RACH attempt.
· FFS details on RO selection
Proposal 14: Do not support early identification for SBFD aware UEs on legacy ROs configured by legacy RACH configurations.
Proposal 15: For SBFD aware UEs in RRC_CONNECTED state, support PRACH repetition in SBFD symbols.
· FFS whether PRACH repetition can across SBFD symbols and non SBFD symbols.
· FFS whether PRACH repetition mechanism can be reused in SBFD random access.
Proposal 16: Reuse the enhancements on DL receptions in non RACH procedure for Msg2 and Msg4 PDSCH if needed.
Proposal 17: The enhancements on PUSCH transmission in non RACH procedure can be reused for Msg3 PUSCH with or without frequency hopping.
Proposal 18: Update the definition of available slot counting by taking the subband frequency location into account in SBFD symbols for Msg3 repetition.
Proposal 19: Consider enhancements on PUCCH for Msg4 in RACH procedure to ensure PUCCH transmission in UL subband in SBFD symbols. 
Proposal 20: Support SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access.
· Common design can be used for random access in SBFD symbols by UEs in both in RRC_CONNECTED mode and in RRC_IDLE/INACTIVE mode.
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