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In RAN Plenary #102 meeting, a new WID on NR duplex evolution was endorsed [1]. The objective of this work item related to random access operation in SBFD symbols are given below. 
	· 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]



In RAN1#116bis meeting, several issues related to the support random access in SBFD symbols by UEs in RRC connected mode were discussed and agreed upon. In this contribution, we provide our views on the remaining issues. 
Random access in SBFD symbols for UEs in RRC connected mode  
Random access operation in SBFD symbols for RRC connected states can reduce the random/initial access latency, improve the PRACH and Msg3 coverage, and improve the flexibility of the initial/random access by Offloading random access from the fixed UL slots to SBFD symbols. 
ROs configured in SBFD symbols
In RAN1#116 meeting an agreement related to the ROs configuration in SBFD symbols was achieved as given below. 
	Agreement
For random access operation for SBFD-aware UEs in RRC CONNECTED state, at least consider the following options:
· Option 1: Use one single RACH configuration with possible enhancement
· The ROs within UL subband in SBFD symbols can be valid for SBFD-aware UE
· FFS: Further details
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration
· The ROs within UL subband in SBFD symbols configured by the additional RACH configuration can be valid for SBFD-aware UE
· FFS: Further details



Furthermore, the following working assumption was reached in the RAN1#116bis meeting about the two possibilities of ROs configured in SBFD and non SBFD symbols, which focuses on using both options for RACH configuration in SBFD symbols. 

	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.



In our view, it is possible to use RACH configuration with either option 1 or option 2. Option 1 uses single RACH configuration, while option 2 uses two separate RACH configurations, one legacy RACH configuration and one additional RACH configuration. However, only one option can be configured at a single time. For instance, option 1 (single RACH configuration) can be utilized for legacy UL symbols and can be enhanced for SBFD symbols to accommodate the ROs in the UL subband's frequency resources for RACH configuration in SBFD symbols. The same applies to option 2, where two separate RACH configurations, one legacy RACH configuration for ROs in non-SBFD symbols and one additional RACH configuration for ROs in SBFD symbols. 
Observation 1: Both Option 1 and option 2 for RACH configuration in SBFD symbols can be supported. It is up to gNB to configure option 1 or option 2 for ROs in SBFD symbols. However, only one option can be configure at a time. 

Proposal 1: Support to confirm the following WA
· 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.

Option 1: Use one single RACH configuration with possible enhancement
The following agreement was achieved during the RAN1#116bis meeting regarding option 1, which allows a single RACH configuration with potential enhancements to provide random access operation for SBFD aware UEs in an RRC connected state. 
	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). 



For option 1 (i.e., use a single RACH configuration with potential enhancement), there will always be a requirement for RACH configuration enhancement, whether using Alt 1-1 or Alt 1-2. According to the current specification, the maximum number of ROs that can be FDMed in the frequency domain (msg1-FDM) is eight, and the offset of the lowest RO (msg1-FrequencyStart) is configured to allocate the corresponding ROs within the bandwidth of the UL BWP. The msg1-FDM and msg1-FrequencyStart is configured according the bandwidth of the UL BWP, and the frequency location and the bandwidth of UL subband is different from bandwidth of the UL BWP. Therefore, the following RACH configuration enhancements might be necessary if the single RACH configuration is utilized with either alternative 1-1 or alternative 1-2 for RACH configuration in SBFD symbols.
1. A new limit should be set on the number of ROs FDMed (msg1-FDM) in the frequency domain to accommodate the ROs within the bandwidth of the UL subband in SBFD symbols. For example, the number of FDMed ROs can be limited from 8 to 4. This is necessary because there might not be enough frequency resources within the UL subband to accommodate up to 8 FDMed ROs.
2. A new offset for the lowest ROs (msg1-FrequencyStart) should be defined to ensure proper configuration of the ROs within the bandwidth of the UL subband and UL BWP.
3. Preamble transmission power in SBFD symbols may differ from that in legacy UL symbols. Therefore, a separate preambleReceivedTargetPower may be required for RACH in SBFD symbols.
4. The PRACH-configuration index might need to be adjusted to accommodate the changes made for RACH in SBFD symbols.

Observation 2: For option 1, whether to use Alt 1-1 or Alt 2-2, RACH configuration in SBFD symbols may require the following enhancement. 
· The maximum number of ROs FDMed (msg1-FDM)  in UL subband 
· Offset of the lowest ROs (msg1-FrequencyStart) 
· Preamble transmission power in SBFD symbols
· PRACH configuration index (to indicate the sub-frame number) 

Proposal 2: For RACH configuration in SBFD symbols with option 1, consider enhancement in the following parameters:
· The maximum number of ROs FDMed (msg1-FDM) in UL subband 
· Offset of the lowest ROs (msg1-FrequencyStart) 
· Preamble transmission power in SBFD symbols

RO validation for RACH configuration with option 1: 
In the RAN1#116bis meeting, the following agreement was achieved regarding the ROs validation in option 1.
	Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, 
· no enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any). 
· FFS: the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· FFS: It’s up to network configuration to ensure the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, which are valid for non-SBFD aware UEs based on legacy RO validation rule, are also valid for SBFD aware UEs (i.e., the configured ROs in SBFD symbols, if configured as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs)
· the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB
· FFS: Other condition.
Note: For the case that all the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, there is no restriction that all the configured ROs in SBFD symbols should be within the UL usable PRBs.



For SBFD aware UEs, the ROs configured in non-SBFD symbols that are valid based on the current specification rules may also be considered as valid. Since the SBFD aware UE can use the legacy UL symbols to perform any UL transmission, therefore the valid ROs in non-SBFD symbols can be consider a valid ROs for SBFD aware UEs. On the other hand, the ROs that overlap with the SSB symbols may be considered as invalid. This is because it was determined in Rel-18 study item phase that SBFD symbols could be configured in SSB symbols, however no SBFD operation would be allowed in the SSB symbols. Likewise, the ROs configured in SSB symbols is considered as invalid. 
Proposal 3: The ROs configure in non-SBFD symbols that are valid for legacy UEs are also valid for SBFD aware UEs. 
Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration
In RAN1#116bis meeting, the following agreement was reached regarding 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.  
	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.


For RACH configuration option 2, we assume that the legacy RACH configuration is used to configure ROs in non-SBFD symbols and the additional RACH configuration is used to configure ROs in SBFD symbols. In our view, Alt 2-3 is used to avoid the addition RACH configuration to configure ROs in non-SBFD symbols. For Alt 2-4 if the additional ROs in non-SBFD symbols is configured by additional RACH configuration, there is overlapping of ROs in non-SBFD and SBFD symbols. 
Proposal 4: For RACH configuration option 2, support Alt 2-3: The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Proposal 5: For RACH configuration option 2, the additional RACH configuration can be used to configure ROs in SBFD symbols only. 
Whether to enhance the existing random access configuration tables for unpaired spectrum
Regarding the existing configuration tables for unpaired spectrum in FR2 (i.e., Table 6.3.3.2-4 in TS38.211) and FR1 (Table 6.3.3.2-3, 6.3.3.2-3 in TS 38.211), the following agreement was achieved in RAN1#116 meeting. 
	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 both FR1 and FR2 the time domain resources in the above mentioned tables were designed to align the transmission time resources with the uplink slots in the TDD-UL-DL pattern. However, when considering SBFD random access operation in RRC-connected UEs or RRC idle/inactive UEs on a TDD carrier in unpaired spectrum, using the same tables for PRACH transmission in the SBFD symbols (UL subband) is not suitable. Moreover, Alt1 for FR2, and Alt1, Alt2 for FR1 still need enhancement to determine the sub-frame numbers where the ROs are located in the SBFD symbols. 
Alt3 for both FR1 and FR2 is a straight forward solution which introduces new entries on top of the existing random access configuration tables. The new entries can determine the sub-frame numbers where DL or Flexible symbols configured with SBFD operation can be used for RACH configuration.  
Observation 3: For RACH configuration Option 2, Alt1 for FR2, and Alt1, Alt2 for FR1 still need enhancement to determine the sub-frame number for ROs in SBFD symbols. 
Proposal 6: For RACH configuration option 2, RAN1 to consider a new table or enhancement to the existing tables for random access configuration in SBFD symbols for unpaired spectrum. 
Proposal 7: For Support the following options to enhance the existing random access configuration tables of unpaired spectrum for random access in SBFD symbols:
· For FR2 support 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 support 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

RO validation rules 
Unified ROs validation rules can be taken into consideration regardless of whether option 1 (i.e., use one single RACH configuration with possible enhancement) or option 2 (i.e., use two separate RACH configurations) is used for RACH configuration. Furthermore, in RAN1#116 meeting, the following agreement was reached regarding the RO validation rules in SBFD symbols. However, there was no discussion or down selection regarding this matter in RAN1#116 meeting.
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, further study the following two options:
· Option 1: a valid RO can only be on SBFD symbols or on non-SBFD symbols
· a configured RO across SBFD and non-SBFD symbols in the same slot or across slots is invalid
· Option 2: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots
RAN1 to leverage the study in Rel-18 as baseline.



For RO validation in SBFD symbols, option 1 is too strict as the configured ROs can usually crosses the boundary between SBFD and non-SBFD symbols when they are configured in groups in the time domain.
For RO validation in option 2, a valid RO can cross the boundary between SBFD and non-SBFD symbols within the same slot or across slots. However, option 2 several other factors are need to considered in which some of them based on the existing specification rules as given below. 
1. ROs that exceed the bandwidth limit of the UL subband are considered invalid.
2. An RO in SBFD symbols is considered valid if it meets the following conditions:
a. It does not precede an SS/PBCH block in the PRACH slot.
b. It starts at least N_gap symbols after the last non-SBFD downlink symbol.
c. It starts at least N_gap symbols after the last SS/PBCH block symbol.
d. The N_gap values for validation can be obtained from the existing specification values provided in TS 38.211 Table 8.1-2.

Observation 4: unified ROs validation rules for ROs in SBFD symbols can be considered regardless of the RACH configuration options. 
Observation 5: For RO validation in SBFD symbols, option 1 is considered too strict as the configured ROs can usually cross the boundary between SBFD and non-SBFD symbols when they are configured in ROs groups in the time domain.
Proposal 8: For RO validation in SBFD symbols, support option 2 (i.e. a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots)

SSB to ROs mapping Rules 
During the initial access procedure, when a UE transmits the PRACH in the configured ROs, the network is unaware of which beam the UE has used for the transmission. The current specification defines mapping rules between SSB and ROs to determine the selected beam. However, this mapping rules are based on the ROs configured in UL symbols/slots and may not be applicable when the ROs are configured in SBFD symbols. To address this issue, the following options can be considered.
Option 1: In case separate ROs are configured in SBFD and non-SBFD symbols, the current specification rules can be used to define the SSB to RO mapping for ROs configured in SBFD symbols. This will result in two SSB to ROs mappings, one for SBFD symbols and the other for non-SBFD symbols legacy UL symbols. 
Option 2: Joint SSB-RO mapping for ROs in SBFD and ROs in non-SBFD symbols 
The ROs configured in SBFD symbols can be grouped or joint with the ROs configured in non-SBFD symbols. The existing specification rules can then be reused to map the SSBs to the ROs in SBFD and ROs in non-SBFD symbols based on their indexes. The grouping or joint ROs can be based on their index in SBFD symbols and in non-SBFD symbols. For instance, if there are 4 ROs configured in SBFD symbols and 4 ROs configured in non-SBFD symbols, these can be joined together and mapped to the SSBs according to the ROs index as shown in Table 1. In case the number of ROs configured in SBFD symbols is less than the number of ROs configured in non-SBFD symbols, it is possible to group multiple ROs in SBFD symbols together with one RO in non-SBFD symbols, and map to the SSBs. 

Table 1 Mapping of SBFD ROs and non-SBFD ROs to SSB based on Indexes
	SSB Index 
	ROs in SBFD symbols
	ROs in non-SBFD symbols

	SSB#1
	RO#1
	RO#1

	SSB#2
	RO#2
	RO#2

	SSB#3
	RO#3
	RO#3

	SSB#4
	RO#4
	RO#4




Observation 6: Separate SSB to ROs mapping of ROs configured in SBFD symbols and ROs configured in non-SBFD symbols may introduce additional overhead in terms of mapping rules:
Observation 7: Joint ROs configured in SBFD symbols with the ROs configured in non-SBFD symbols and mapping the similar index of ROs to the SSB may potentially reduce the overhead in terms of mapping rules.
Proposal 9: Consider the following alternative options for SSB to ROs mapping:
· Option 1: Separate SSB to ROs mapping of ROs configured in SBFD symbols and ROs configured in non-SBFD symbols.
· Option 2: Joint ROs configured in SBFD symbols with ROs in non-SBFD symbols based on their indexes and map to SSBs.
Reception of Msg. 2 in SBFD symbols
Regarding the MSG.2 reception in SBFD symbols, When a UE successfully transmits Msg.1 in SBFD symbols it needs to monitor the RAR window to receive Msg.2. The RAR window is configured in SIB1 with a choice of [1, 2, 4, 8, 10, 20, 40, and 80] slots. If the RAR window is configured until the duration of the SBFD symbols, the UE cannot receive Msg.2 because it is in half-duplex mode and can only perform UL transmission. Therefore, the RAR window needs to be configured until the next occasion where non-SBFD DL slots/symbols are available as shown in figure 1. This may increase the latency of the random access procedure and may not achieve the objectives of the random access in SBFD symbols/slots.




Figure 1 Msg 2 transmission in SBFD symbols/slots
Observation 8: Configuring the RAR window until the next occasion where non-SBFD DL symbols are available may increase the latency of the random access procedure and may not achieve the objectives of the random access in SBFD symbols.
Proposal 10: RAN1 to study the reception of Msg2 in the SBFD symbols. 
Msg3 PUSCH and FH of Msg. 3 in SBFD symbols
In current specification, the frequency offset for the second hop in PUSCH transmission with frequency hopping scheduled by RAR UL grant for the Msg3 PUSCH transmission/retransmission is given in Table 2. The range of frequency hopping is based on the bandwidth of the initial UL BWP. If the current frequency hopping parameters, such as starting RB and RB offset of legacy symbols/slots, are used for Msg3 in the UL subband, it may result in the second hop of Msg3 occurs in frequency resources outside the bandwidth of the UL subband in SBFD symbols/slots.
Table 2 Frequency offset for second hop of PUSCH transmission with frequency hopping scheduled by RAR UL grant or of Msg3 PUSCH retransmission [TS 38.213 section 8.3]
	Number of PRBs in initial UL BWP
	Value of  Hopping Bits
	Frequency offset for 2nd hop

	
	0
	

	
	1
	

	
	00
	

	
	01
	

	
	10
	

	
	11
	Reserved



In our view, a new range of UL frequency hopping for Msg3 PUSCH in SBFD symbols can be defined. In Case, Msg3 or Msg3 repetition crosses the boundary of the SBFD and non-SBFD symbols, separate parameters such as separate frequency resources and separate FH parameters can be indicated in the RAR UL grant for MSG3 in the SBFD symbols.
Observation 9:  For MSG3, using the FH range specified in the existing specification in the UL subband could cause the second hop to be mapped outside the UL subband in SBFD symbols. 
Proposal 11: For Msg3 in SBFD symbols study the following separate parameters: 
· Separate FDRA for Msg3 PUSCH in SBFD and non-SBFD symbols. 
· Separate FH for Msg3, in SBFD and non-SBFD symbols. 
Msg4/MsgB HARQ-ACK in Common PUCCH 
During initial access procedure, the HARQ-ACK information for Msg4 or MsgB is carried in the PUCCH using the UCI. As per specification 38.211, “If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by PUCCH-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of  PRBs. The UE transmits a PUCCH using frequency hopping at both edges of the UE initial UL-BWP, where the frequency offsets of the first and second hop are determined based on the BWP size, the PUCCH resource index, and a PRB offset from Table 3 [9.2.1-1 TS 38.213]. 
Table 3 (Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration)
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset 
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	
	{0, 3, 6, 9}



In case the HARQ-ACK of Msg4/MsgB is transmitted in SBFD symbols, and the Table 4 [Table 9.2.1-1] from the existing specification is used, the PUCCH for HARQ-ACK of Msg4/MsgB is located in the frequency resources outside of the UL subband as shown in figure 2 for DUD and DU subband pattern. Similarly if the frequency hopping of PUCCH is enabled, the second hop of the PUCCH may located in the frequency resources outside of the UL subband as illustrated in figure 3 for DUD subband pattern, and DU/UD subband pattern. 



                                  
Figure 2 PUCCH-ResourceCommon in SBFD symbols (DUD and DU subband pattern)

To address the issues, the following options can be considered.
Option 1: For initial access in SBFD symbols, the starting point of the RB offset for the PUCCH resource set can be defined based on the UL subbands bandwidth. This can be achieved by redefining Table 9.2.1-1 in TS 38.213 to create a new table for the PUCCH resource common in SBFD symbols. The starting point of the RB offset would be the starting RB of the UL subband in D/F symbols/slots. Furthermore, the indexes of the new table for PUCCH in SBFD symbols, such as PUCCH-ResourceCommon, can be configured in PUCCH-ConfigCommon to distinguish between the cell-specific PUCCH resources for SBFD-aware UEs and legacy UEs during initial access.


Figure 3 PRB offset of PUCCH resources common in SBFD symbols w.r.t to the starting PRB of UL subband
Option 2:  In this option, a set of RB offset can be defined for the cell-specific PUCCH resources according to the bandwidth of the initial UL BWP in such a way to locate the PUCCH resources within the bandwidth of the UL subband. In this option, the starting point of the RB offset is the starting point of the initial UL BWP as shown in Figure 4. This can also be achieved by redefining Table 9.2.1-1 in TS 38.213 to create a new table for the PUCCH resource common in SBFD symbols. The starting point of the RB offset would be the starting RB of the initial UL BWP with the RB offset values. Furthermore, the indexes of the new table for PUCCH in SBFD symbols, such as PUCCH-ResourceCommon, can be configured in PUCCH-ConfigCommon. 




Figure 4 PRB offset of PUCCH resources common in SBFD symbols w.r.t to the initial UL BWP
Observation 10: By using the existing specification table (Table 9.2.1-1 in TS 38.213) for the transmission of HARQ-ACK of Msg4/MsgB in SBFD symbols, the PUCCH for HARQ-ACK of Msg4/MsgB will be located outside of the frequency resources of the UL subband.

Proposal 12: Define a new table for "cell-specific PUCCH resource common" that can be used for the transmission of HARQ-ACK for Msg4/MsgB in SBFD symbols.

Proposal 13: To define a new table for the cell-specific PUCCH used for HARQ-ACK transmission of Msg4/MsgB in SBFD symbols, the following options can be considered:
· Option 1: Consider the starting RB of the UL subband as a starting point and keep the existing RB offset values in table 9.2.1-1 in TS 38.213.
· Option 2: Introduce new RB offset values in a new table to align and position the cell –specific PUCCH within the bandwidth of the UL subband. 

Intra slot frequency hopping for PUCCH in cell-specific/common resources in SBFD symbols
During initial access, if the intra slot frequency hopping is enabled for PUCCH in cell-specific resources in SBFD symbols for HARQ-ACK of Msg4/MsgB, the second hop of PUCCH may be located outside the bandwidth of the UL BWP. To ensure that the 2nd hop of PUCCH remains within the frequency resources of the UL subband in SBFD symbols, consider a separate intra-slot frequency hopping (intra-SlotFH) configuration in PUCCH-configCommon for cell-specific PUCCH in SBFD symbols/slots.
Proposal 14: For cell-specific PUCCH in SBFD symbols, consider a separate intra-slot frequency hopping (intra-SlotFH) configuration in PUCCH-configCommon. 
Random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode
Motivation of random access
During the RAN1#116bis meeting, the following proposal was discussed. However, it was not reached to an agreement. 
	Proposal
· Support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode. 



In our view, there are several benefits of RACH in SBFD symbols for SBFD aware UE in RRC idle/inactive state, which were also concluded in RAN#116 meeting as given below. 
	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.



Proposal 15: Support random access in SBFD symbols for UEs in RRC idle/inactive mode. 
Paging in SBFD symbols
In case the idle/inactive UEs are configured with SBFD operation, with the transmission periodicity of the existing TDD operation, which is up to 320 slots in a 10ms time period, there is a high possibility that the PO may fully or partially overlap with the SBFD symbols in the time domain as shown in Figure 5. In this case, the paging message transmitted in DL subbands are not visible to UEs configured with UL subbands in DL slots/symbols as shown in Figure 6. This can potentially degrade the performance of paging the UEs in SBFD symbols/slots.



Figure 5 Paging occasion in SBFD symbols/slots
 


Figure 6 PO visibility to SBFD aware UE configured with UL subband in DL slots
Observation 11: When POs mapped to the SBFD symbols, UEs configured with UL subbands may not be able to receive the paging message, which can potentially degrade the performance of paging the UEs in SBFD symbols.
Proposal 16: RAN1 to study Paging in the SBFD symbols. 
Conclusion
In this contribution we discussed random access operation in SBFD symbols for both RRC and connected states, and idle/inactive states, and made the following observations and proposals.  
Observation 1: Both Option 1 and option 2 for RACH configuration in SBFD symbols can be supported. It is up to gNB to configure option 1 or option 2 for ROs in SBFD symbols. However, only one option can be configure at a time. 
Observation 2: For option 1, whether to use Alt 1-1 or Alt 2-2, RACH configuration in SBFD symbols may require the following enhancement. 
· The maximum number of ROs FDMed (msg1-FDM)  in UL subband 
· Offset of the lowest ROs (msg1-FrequencyStart) 
· Preamble transmission power in SBFD symbols
· PRACH configuration index (to indicate the sub-frame number) 

Observation 3: For RACH configuration Option 2, Alt1 for FR2, and Alt1, Alt2 for FR1 still need enhancement to determine the sub-frame number for ROs in SBFD symbols. 
Observation 4: unified ROs validation rules for ROs in SBFD symbols can be considered regardless of the RACH configuration options. 
Observation 5: For RO validation in SBFD symbols, option 1 is considered too strict as the configured ROs can usually cross the boundary between SBFD and non-SBFD symbols when they are configured in ROs groups in the time domain.
Observation 6: Separate SSB to ROs mapping of ROs configured in SBFD symbols and ROs configured in non-SBFD symbols may introduce additional overhead in terms of mapping rules:
Observation 7: Joint ROs configured in SBFD symbols with the ROs configured in non-SBFD symbols and mapping the similar index of ROs to the SSB may potentially reduce the overhead in terms of mapping rules.
Observation 8: Configuring the RAR window until the next occasion where non-SBFD DL symbols are available may increase the latency of the random access procedure and may not achieve the objectives of the random access in SBFD symbols.
Observation 9:  For MSG3, using the FH range specified in the existing specification in the UL subband could cause the second hop to be mapped outside the UL subband in SBFD symbols. 
Observation 10: By using the existing specification table (Table 9.2.1-1 in TS 38.213) for the transmission of HARQ-ACK of Msg4/MsgB in SBFD symbols, the PUCCH for HARQ-ACK of Msg4/MsgB will be located outside of the frequency resources of the UL subband.

Observation 11: When POs mapped to the SBFD symbols, UEs configured with UL subbands may not be able to receive the paging message, which can potentially degrade the performance of paging the UEs in SBFD symbols.

Proposal 1: Support to confirm the following WA
· 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.

Proposal 2: For RACH configuration in SBFD symbols with option 1, consider enhancement in the following parameters:
· The maximum number of ROs FDMed (msg1-FDM) in UL subband 
· Offset of the lowest ROs (msg1-FrequencyStart) 
· Preamble transmission power in SBFD symbols

Proposal 3: The ROs configure in non-SBFD symbols that are valid for legacy UEs are also valid for SBFD aware UEs. 
Proposal 4: For RACH configuration option 2, support Alt 2-3: The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Proposal 5: For RACH configuration option 2, the additional RACH configuration can be used to configure ROs in SBFD symbols only. 
Proposal 6: For RACH configuration option 2, RAN1 to consider a new table or enhancement to the existing tables for random access configuration in SBFD symbols for unpaired spectrum. 
Proposal 7: For Support the following options to enhance the existing random access configuration tables of unpaired spectrum for random access in SBFD symbols:
· For FR2 support 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 support 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

Proposal 8: For RO validation in SBFD symbols, support option 2 (i.e. a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots)
Proposal 9: Consider the following alternative options for SSB to ROs mapping:
· Option 1: Separate SSB to ROs mapping of ROs configured in SBFD symbols and ROs configured in non-SBFD symbols.
· Option 2: Joint ROs configured in SBFD symbols with ROs in non-SBFD symbols based on their indexes and map to SSBs.

Proposal 10: RAN1 to study the reception of Msg2 in the SBFD symbols. 
Proposal 11: For Msg3 in SBFD symbols study the following separate parameters: 
· Separate FDRA for Msg3 PUSCH in SBFD and non-SBFD symbols. 
· Separate FH for Msg3, in SBFD and non-SBFD symbols. 

Proposal 12: Define a new table for "cell-specific PUCCH resource common" that can be used for the transmission of HARQ-ACK for Msg4/MsgB in SBFD symbols.

Proposal 13: To define a new table for the cell-specific PUCCH used for HARQ-ACK transmission of Msg4/MsgB in SBFD symbols, the following options can be considered:
· Option 1: Consider the starting RB of the UL subband as a starting point and keep the existing RB offset values in table 9.2.1-1 in TS 38.213.
· Option 2: Introduce new RB offset values in a new table to align and position the cell –specific PUCCH within the bandwidth of the UL subband. 

Proposal 14: For cell-specific PUCCH in SBFD symbols, consider a separate intra-slot frequency hopping (intra-SlotFH) configuration in PUCCH-configCommon. 
Proposal 15: Support random access in SBFD symbols for UEs in RRC idle/inactive mode. 
Proposal 16: RAN1 to study Paging in the SBFD symbols.
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