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Introduction
3GPP has agreed to specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode, and to study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [1]. In this contribution, we discuss our further views on these matters.
SBFD random access operation for RRC-connected UE 
In RAN1#116-bis [2], it was agreed to support both Contention Based Random Access (CBRA) and Contention Free Random Access (CFRA) operations in SBFD symbols. There were two options discussed: Option 1 uses a single RACH configuration for both SBFD and non-SBFD symbols, and Option 2 uses two separate RACH configurations, including one legacy RACH configuration and an additional RACH configuration in SBFD symbols.
	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). 



Here, we discuss the details of using a single RACH configuration for both SBFD and non-SBFD symbols. In Figure 1, RACH Occasions (RO) for SBFD and non-SBFD symbols are shown. In a few cases, by configuring different PCI index in rach_ConfigCommon, it is possible to create RO’s for both SBFD and non-SBFD symbols (as shown in PCI 162 replaced by PCI 165 Table 1). This is an example for Alt1-1 as only based on existing parameters, RO are configured in SBFD symbols. But, in some other cases, by configuring different PCI, expected RO’s can’t be created. For example, by configuring PCI 154, RO’s can’t be created in SBFD symbols, as the start symbol for PCI 154 should be 0 as shown in Figure 2. So, if Alt1-1 is used to support RACH operation in SBFD, then it may not give flexibility to configure valid RO’s based on requirement as the options are limited.
Observation 1: If Alt1-1 is used to support a single RACH operation both in SBFD and non-SBFD symbols, only ‘prach-ConfigurationIndex’ needs to be changed in ‘RACH-ConfigGeneric’.
Observation 2: Only existing parameters of a single RACH configuration (Alt1-1) are not sufficient to configure the required ROs in SBFD symbols. 
Proposal 1: If a single RACH configuration is selected to support RACH in both SBFD and non-SBFD symbols (Option 1), then additional parameters are required along with existing parameters to give flexibility in configuring RO.
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[bookmark: _Ref165829648]Figure 1: SBFD symbols with TDD frame structure
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[bookmark: _Ref166220948]Figure 2: Unable to configure valid RO for any SBFD symbols for any given single PCI

[bookmark: _Ref165829935]Table 1: PRACH Configuration table (ref: TS 38.211, v18)
	PRACH Configuration Index (PCI)
	Preamble Format
	
	Subframe Number
	Starting Symbol
	Number for PRACH slots within subframe
	Time Domain PRACH Occasions within PRACH Slot
	PRACH duration

	
	
	x
	y
	
	
	
	
	

	162
	B4
	1
	0
	4,9
	2
	1
	1
	12

	165
	B4
	1
	0
	3,4,8,9
	2
	1
	1
	12

	154
	B4
	2
	1
	2,3,4,7,8,9
	0
	1
	1
	12



There are also additional challenges in supporting a single RACH configuration. If ROs of SBFD symbols and non SBFD symbols are to be separated by frequency offset, then it cannot be supported with existing parameters of RACH configuration. 
Observation 3: If RO’s are separated by frequency offset between SBFD and non SBFD symbols, then Alt1-1 (single RACH configuration with existing parameters) cannot address the frequency offset. 
Frequency offset can be indicated from PRB#0 as indicated in msg1-frequencyStart, or it can also be indicated as relative frequency offset from the start-RB of the configured ROs for non-SBFD symbols. In some cases, the start symbol of SBFD RO can’t be the same as of non-SBFD RO. So, the time offset from the configured RO needs to be configured in terms of OFDM symbols. For example, as shown in the above example, PCI of 154 cannot be applied to SBFD symbols of SF#3 in Figure 2. It needs a time offset from the beginning of the slot, and the time offset can be expressed in symbols.
Observation 4: The starting symbol of the SBFD RO can be different from the RO of non-SBFD symbols. 
Observation 5: With Alt1-1 (single RACH configuration with existing parameters), SBFD ROs needing different start symbols from the non-SBFD symbols cannot be configured.
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Figure 3: SBFD RO is having frequency offset and time offset from non-SBFD RO
Proposal 2: The start RB of the SBFD ROs can be indicated by the additional parameter ‘SBFDmsg1-frequency offset’ in Option 1 – it is a frequency offset from the start of the non-SBFD RO expressed in terms of PRB.
Proposal 3: The start time of the SBFD RO can be indicated by the additional parameter ‘SBFDmsg1_timeoffset in Option 1– it is the time offset from the beginning of the non-SBFD RO.
Proposal 4: Parameters on Frequency offset and time offset for the SBFD RO can be made part of ‘RACH-ConfigCommon’ in Option 1. 
Proposal 5: For option 1, it is recommended to have a separate IE for SBFD RO, as configuration for power parameters in SBFD RACH needs to be added in this IE; i.e., Preamble Received Target Power, Maximum Preamble Transmission and Power Ramping Step. 
Proposal 6: The advantage of low signalling overhead in option 1 in comparison to option 2 needs to be discussed further considering the additional parameters required to represent RO in SBFD symbols (option 1).  
In RAN1#116bis, for option1, RO validation rules without any enhancements were discussed with the intention of keeping the rules simple for RACH configuration. 
	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.



If the SBFD RO starts from the downlink symbols and extend to the flexible symbols of tdd-UL-DL pattern, then these RO’s should be considered as valid. By restricting the configuration of RO to SBFD or to non-SBFD symbols only, opportunity of having RO in the special slot of TDD will be lost as shown in Figure 4. This will make no RACH opportunities available in the SBFD subband for long RACH formats or for B4 format (for example, PCI 151) and, hence, will not give the benefit of reduced RACH latency. 
The downside of having RO across SBFD and non-SBFD symbols is that a single continuous UL transmission grant cannot be assigned to a single UE. But this can be solved by giving UL transmission grants to two separate UEs or by blanking PRBs occupied by RACH and scheduling UL transmission from a single UE.
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[bookmark: _Ref166229576]Figure 4: Impact of not allowing RO extending to flexible symbols of tdd-UL-DL-ConfigurationCommon
Proposal 7: If an RO duration starts from SBFD symbols and ends in flexible symbols of TDD UL DL Config Common (non-SBFD symbols), then these ROs should be considered valid.
Observation 6: By allowing RO to non-SBFD symbols (flexible symbols of TDD-UL-DL-ConfigCommon), a single contiguous UL transmission PRBs occupying RACH PRB will be split by allocating UL transmission grant to different UEs or by blanking the PRBs that are occupying RO.
Secondly, leaving the RO configuration and validation rule to the network configuration will result in ambiguity, as some networks may support RO across SBFD and non-SBFD symbols (for flexible symbols), and some may choose not to support it. In this case, the network needs to send a validation rule over the air.
Observation 7: If the RO validation rule is left to the network configuration, then the network needs to signal the validation rule to the UEs.
Proposal 8: Depending on the network configuration, to program RO validation rule is not a reliable option. RO validation rule should be a predefined rule for the SBFD-aware UE.  
Proposal 9: For the RO in SBFD symbols, RO starts at least  symbols after the SSB block and should not overlap. 

	Working Assumption
[bookmark: _Hlk165660392]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.


If UE is not required to support both Option 1 and Option 2, then it opens the discussion of what will be the impact, when both options are supported by the network. These scenarios are presented 
Consider the following cases:
Table 2: Scenarios with Option 1 and Option2
	Cases
	SBFD-aware UE behaviour
	Network Behaviour/Expectation

	Case1: Only Option 1 is present, and it creates a new RO for SBFD UEs; no Option 2
	SBFD aware reads PCI and assumes SBFD RO are present when RO are within UL usable PRBs.
	When ROs are within UL usable PRBs, SBFD-aware UE can initiate RACH transmissions, and the network performs RACH detection.

	Case 2: Only the new RACH configuration is having valid ROs in SBFD symbols and legacy RACH configuration is not having valid RO in SBFD (Only Option 2 is present and if Option 1 do not have valid RO in SBFD) 
	· If UE supports only option1, then no RACH in SBFD as no RO in SBFD symbols. This does not allow RACH transmission in SBFD.
· If UE supports only option 2, then RACH transmission will happen in RO for SBFD symbols.
UE is need to use Option 2 and the choice is not available with UE to support one of the options.
	Network will perform RACH detection, on all RO’s created by both option 1 and option 2.

	Case 3: Both Legacy and new RACH configuration have valid RO’s in SBFD symbols (If both Option 1 got new RO and Option 2 got new RO in SBFD symbols)
	· UE can read Option 1 and it can initiate RACH based on new RO in SBFD (in this case no new RO)
· UE can read Option 2 and based on this new RO can be created.
UE can support both the options.
	· Network will perform RACH detection, on all RO’s created by both option 1 and option 2.
· If RO overlaps with the configurations, then which one is valid?


Observation 8: In case 2 (Option 1 with Alt 1-1 does not create a new RO in SBFD symbols and if option 2 is present), to have a valid RO in SBFD symbol under all scenarios, UE has to support Option 2.
There are non-SBFD aware UE in the network and extending the SSB-RO mapping rule from non-SBFD symbols to SBFD symbols results in ambiguity. In option 2, as new RACH configuration is proposed, new SSB-RO mapping rule is required. So, for both option 1 and option 2, the SSB to RO mapping rule should be separate for SBFD symbols and non-SBFD symbols.  
Proposal 10: If Option 1 with Alt 1-1 does not create a new RO in SBFD symbols and if Option 2 is present, then UE has to support Option 2 for SBFD operation.
Proposal 11: If only Option 1 with no additional parameters does not create a new RO in SBFD, then a new PCI needs to be chosen by the network.   
Proposal 12: For both option 1 and option 2, the SSB to RO mapping rule should be separate for SBFD symbols and non-SBFD symbols.    

	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.



If the additional ROs configured by additional RACH configuration falls on non-SBFD symbols (UL symbols configured by tdd-UL-Dl_configcommon), then SBFD-aware UE should consider these ROs invalid. These time-frequency resources will be used by the non-SBFD UE’s for uplink transmission. Also, as non-SBFD UEs don’t have the capability to read the additional RACH configuration, they are unaware of the new ROs.  RO validation rule will ensure these additional ROs are not used by SBFD UE for RACH transmission. 
 If the overlap of additional RO is partial, then it has to be looked at whether the overlap is on flexible symbols of TDD-UL-DL-ConfigCommon or on UL symbols of TDD-UL-DL-ConfigCommon. If the overlap is on flexible symbols, then these ROs should be considered valid. This is required to support RACH formats with a longer time duration. 
Before taking a decision on Alt 2-3 or Alt 2-4, one should look into UE in the RRC_IDLE/RRC_INACTIVE state. Alt 2-3 is useful in these scenarios.
Proposal 13: Before down selection, UE in the RRC_IDLE/RRC_INACTIVE state has to be considered, as overlap RO is crucial in SBFD RACH performance improvement.  
Proposal 14: If the additional RO is partially overlapping with flexible symbols of TDD-UL-DL_ConfigCommon, then these ROs should be considered valid, i.e., we support Alt2-3.
  

	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)



Here, we investigated Alt 1, Alt 2, and Alt 3 for additional RACH configuration in FR1. 
RACH Configuration table for unpaired spectrum by itself covers major network deployment use cases. The majority of the PCI are tailored for Slot 4. Slot 7 and 9. However, it does not cover all RO for SBFD symbols. There are some corner cases (some subframes), where PCI of unpaired spectrum cannot create RO. For example, for format 0, RO in subframe 0 cannot be created. To support RO in these subframes (for ex, SF #0), an additional parameter, ‘time offset’ is required. It needs a time offset from the beginning of the slot and is expressed in symbols.

If we use Alt 2, then the network has to indicate UE, that PCI should be looked at in the paired spectrum, and this needs a new parameter. Also, for the UE, it has to load both the PCI tables from the memory and it is additional overhead for UE.

As discussed earlier, Alt 1 covers major network deployment cases. If new entries are added to the table (Alt 3), then all possible RO in all subframes has to be supported and will be a large table.

Proposal 15: Alt 1 (i.e. existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) with time offset parameter can support all possible RO in SBFD symbols.

SBFD random access operation for RRC-Idle/RRC-Inactive UE 
Baselining the simulation for RACH performance
In the RAN#116-bis [3] , RACH operation in RRC_IDLE/RRC_INACTIVE was discussed, and no agreement was reached as there were differing views. So, we suggest to base line the simulation setup for RACH simulation.
Proposal 16: Baseline the simulation setup for RACH performance for RRC_IDLE/RRC_INACTIVE state.

	Parameter
	Description

	PRACH formats
	Format A2, B4 and format 0

	SBFD slot configuration
	SBFD: {DXXXU}

	SUBFD subband configuration
	<ND, NU, NG> = <105,51,5>

	UE distribution
	Urban Macro, Indoor office

	Interference model
	Refer Annex A of TR 38.858 [4]

	BS transmit power and antenna configuration
	Refer Annex A of TR 38.858

	UE transmit power and antenna configuration
	Refer Annex A of TR 38.858

	Layout 
	Refer Annex A of TR 38.858

	RACH RO location
	All three possibilities
a) RO is completely within SBFD symbols
b) RO in non SBFD symbols
c) RO across SBFD and non SBFD symbols

	RACH receiver type
	a) Coherent combining
b) Non coherent combining (no MRC)

	Performance metric
	a) RACH latency 
b) RACH missed detection 
c) False detection of RACH



Separate PRACH power control parameters configuration 
Here the objective is to reduce the impact of inter-UE CLI in SBFD symbols due to PRACH transmission and power ramping. So, parameters controlling PRACH transmission needs to be configured separately.  

The following aspects will control the PRACH power transmission:
· [bookmark: _Int_h8LZ6rTF]Preamble Received Target Power (“preambleReceivedTargetPower”) will indicate the received power at the gNB for SBFD RACH operation. UE needs to transmit RACH with power equal to sum of preamble received target power and path loss. The SINR observed on SBFD symbols can be different from the SINR observed in non SBFD symbols. Also, the preamble format can be different from the one used in non SBFD symbols. Also, to reduce the impact of UE-UE CLI (either due to leakage or due to co-channel interference as shown in Figure 5), the Preamble Received Target Power of RACH in SBFD symbols will be different from that of the RACH of the uplink slot.
[image: ]
[bookmark: _Ref163219502]Figure 5: Downlink reception is getting impacted by the FAR UE’s RACH transmission
· Maximum Preamble Transmission (“preambleTransMax”) – Maximum number of RACH attempts made by the UE before giving up. In SBFD symbols, to reduce the impact of CLI, maximum number of RACH attempts can be set differently from the RACH attempts used in non SBFD symbols.  
· [bookmark: _Hlk156735853]Power Ramping Step (“powerRampingStep”) - Specifies the power ramping step in dB for every RACH attempt. As Maximum attempts in RACH Transmission and Preamble Received Target Power can be different for RACH in SBFD symbols, having a different configuration for Power Ramping Step, helps configuring PRACH power control better.

Proposal 17: Separate PRACH power control parameters are required for RACH operation in SBFD symbols.
 
Proposal 18: RACH parameters on Preamble Received Target Power, Maximum Preamble Transmission and Power Ramping Step can have different configuration values in SBFD symbols from that of non SBFD RACH configurations. 


Conclusion
These are our observations for Random Access operation in SBFD symbols.
Observation 1: If Alt1-1 is used to support single RACH operation both in SBFD and non SBFD symbols, only ‘prach-ConfigurationIndex’ needs to be changed in ‘RACH-ConfigGeneric’.
Observation 2: Only existing parameters of single RACH configuration (Alt1-1) are not sufficient to configure the required RO’s in SBFD symbols. 
Observation 3: If RO’s are separated by frequency offset between SBFD and non SBFD symbols, then Alt1-1 (single RACH configuration with existing parameters) cannot address the frequency offset. 
Observation 4: Starting symbol of the SBFD RO can be different from the RO of non SBFD symbols. 
Observation 5: With Alt1-1 (single RACH configuration with existing parameters), SBFD RO’s needing different start symbol from the non SBFD symbols cannot be configured.
Observation 6: By allowing RO to non SBFD symbols (flexible symbols of TDD-UL-DL-ConfigCommon), a single contiguous UL transmission PRBs occupying RACH PRB will be split by allocating UL transmission grant to different UEs or by blanking the PRBs that are occupying RO.
Observation 7: If the RO validation rule left to the network, then network has to signal the validation rule to the UEs.
Observation 8: In case 2 (Option 1 with Alt 1-1 does not create a new RO in SBFD symbols and if option 2 is present), to have a valid RO in SBFD symbol under all scenarios, UE has to support Option 2.

Proposal 1: If single RACH configuration is selected to support RACH in both SBFD and non SBFD symbols (Option 1), then additional parameters are required along with existing parameters to give flexibility in configuring RO.
Proposal 2: The start RB of the SBFD ROs can be indicated by additional parameter ‘SBFDmsg1-frequencyoffset’ in Option 1 – it is frequency offset from the start of the non SBFD RO expressed in terms of PRB.
Proposal 3: The start time of the SBFD RO can be indicated by additional parameter ‘SBFDmsg1_timeoffset in Option 1– it is time offset from the beginning of the non SBFD RO.
Proposal 4: Parameters on Frequency offset, Time offset for the SBFD RO can be made part of ‘RACH-ConfigCommon’ in Option 1. 
Proposal 5: For option 1, it is recommended to have a separate IE for SBFD RO, as configuration for power parameters in SBFD RACH needs to be added in this IE; i.e., Preamble Received Target Power, Maximum Preamble Transmission and Power Ramping Step. 
Proposal 6: The advantage of low signalling overhead in option 1 in comparison to option 2 needs to be discussed further considering the additional parameters required to represent RO in SBFD symbols (option 1).  
Proposal 7: If a RO duration starts from SBFD symbols and ends in flexible symbols of TDD UL DL Config Common (non SBFD symbols), then these RO should be considered as valid.
Proposal 8: Depending on the network configuration, to program RO validation rule is not a reliable option. RO validation rule should be a predefined rule for the SBFD-aware UE.  
Proposal 9: For the RO in SBFD symbols, RO starts at least  symbols after the SSB block and should not overlap. 
Proposal 10: If Option 1 with Alt 1-1 does not create a new RO in SBFD symbols and if option 2 is present then, UE has to support Option 2 for SBFD operation.
Proposal 11: If only Option 1 with no additional parameters does not create new RO in SBFD, then new PCI needs to be chosen by the network.   
Proposal 12: For both option 1 and option 2, SSB to RO mapping rule should be separate for SBFD symbols and non SBFD symbols.    
Proposal 13: Before down selection, UE in RRC_IDLE/RRC_INACTIVE state has to be considered, as overlap RO is crucial in SBFD RACH performance improvement.  
Proposal 14: If the additional RO is partially overlapping with flexible symbols of TDD-UL-DL_ConfigCommon, then these RO should be considered as valid i.e., we support Alt2-3.
Proposal 15: Alt 1 (i.e. existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) with time offset parameter can support all possible RO in SBFD symbols.
Proposal 16: Baseline the simulation setup for RACH performance for RRC_IDLE/RRC_INACTIVE state.
Proposal 17: Separate PRACH power control parameters are required for RACH operation in SBFD symbols.
Proposal 18: RACH parameters on Preamble Received Target Power, Maximum Preamble Transmission and Power Ramping Step can have different configuration values in SBFD symbols from that of non SBFD RACH configurations. 
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