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Introduction
In RAN1#116 meeting, random access operation in SBFD symbols by UEs in RRC CONNECTED state and RRC_IDLE/INACTIVE state were discussed. Accordingly, the following agreements and conclusion were achieved:[1]
	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Conclusion
No new PRACH format is introduced in Rel-19 duplex WI.
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
Agreement
For SBFD aware UEs in RRC CONNECTED state, support Type-1 random access procedure (4-step RACH) in SBFD symbols.
· FFS Type-2 random access procedure (2-step RACH)
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.
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.
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.
Agreement
For SBFD-aware UEs in RRC CONNECTED state, at least further study whether/how to enable Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols taking into account the following aspects:
· Msg2[/Msg4 PDSCH] reception in DL subband(s)
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] frequency resource allocation and frequency hopping
· Msg3 repetition
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] power control
· FFS whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.
· 



In this contribution, we provide our views on random access in SBFD symbols for SBFD aware UE, including potential enhancements in RRC CONNECTED and RRC_IDLE/INACTIVE state. 

Discussion
In Rel-18 duplex evolution SI [2], it was studied whether UL transmission during random access procedure, especially PRACH, in SBFD symbols is allowed or not. It is common understanding that extra valid RACH occasion(s) located on SBFD symbols is helpful to latency reduction and coverage improvement. Generally speaking, 5G system supports 4-step RACH and 2-step RACH, which can be operated in contention-based manner or contention-free manner. Extra valid RO(s) coming along with UL subband configuration is beneficial for any kind of RACH procedure. In RAN1#116 meeting, the following working assumption was achieved as some companies hesitate to accept CFRA can also be applied on SBFD symbol. From our understanding, the logic has to be same for both CBRA and CFRA, i.e., there is no reason to prohibit CFRA to enjoy the benefits brought by extra valid RO on SBFD symbols. Hence, we propose to confirm the corresponding working assumption.

Proposal 1: Confirm the following working assumption that both CBRA and CFRA in SBFD symbols are supported for SBFD aware UEs in RRC CONNECTED state.
	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.



It was agreed that SBFD aware UEs in RRC CONNECTED state should support Type-1 random access procedure in SBFD symbols. However, there were some discords on Type-2 random access procedure. Different from 4-step RACH, 2-step RACH is introduced in Rel-16 which is used to reduce the latency of random access and is not a mandatory feature. On the other hand, allowing 2-step RACH in SBFD symbols can further reduce latency. Considering SBFD aware UE is high end UE and 2-step RACH is already supported since Rel-16, we don’t see the difficulty to support 2-step RACH in SBFD symbols for SBFD aware UE.

Proposal 2: For SBFD aware UE in RRC CONNECTED state, support Type-2 random access procedure (2-step RACH) in SBFD symbols.

Discussion on 4-step CBRA procedure
[bookmark: _Ref157088845]Msg1 transmission
Valid RO determination
In RAN1#116 meeting, we discussed valid RO validation rules for SBFD aware UE in RRC CONNECTED state and the following agreement was achieved:
	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.


In current specification, valid RO is determined according to the following procedure:
· If a UE is not provided tdd-UL-DL-ConfigurationCommon, RO is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol.
· If a UE is provided tdd-UL-DL-ConfigurationCommon, RO 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.
All in all, legacy valid RO cannot locate on DL symbols or flexible symbols containing SSB. For SBFD operation, SBFD aware UE is permitted to transmit uplink data and signal within UL subband on SBFD symbol. In order to make it possible that SBFD aware UE transmit PRACH on SBFD symbol as well, it is fundamental to extend the definition of valid RO. To be specific, valid RO determination should be allowed on SBFD symbols, including legacy DL symbols and legacy flexible symbols. Considering only UL subband can be used for UL transmission in SBFD symbols (as mentioned in WID of Rel-19 SBFD), a RO fully contained within UL subband can be considered as valid RO. Otherwise, the RO is an invalid RO and should not be considered for RACH procedure.
There are many potential issues if a RO across SBFD symbols and non-SBFD symbols within a slot or across slots, at least the following issues have been identified in study item:
· Potential interruption of transmissions/receptions during transition of SBFD and non-SBFD symbols. 
· Phase continuity maintenance across SBFD and non-SBFD symbols. 
· Different transmission/reception parameters e.g., power control, spatial/QCL, UL timing etc. might be applied in SBFD and non-SBFD symbols. 
· Guard period between the SBFD and non-SBFD symbols.
The above issue has not been fully discussed and the standardization effort would be not small. On the other hand, it is a corner case and doesn’t worth the effort. Hence it is rational to treat a RO as invalid once it is across SBFD symbols and non-SBFD symbols within a slot or across slots. 
Accordingly, the definition of valid RO can be extended to SBFD symbols. For SBFD aware UE, a RO located on SBFD slot is valid if the following conditions are satisfied:
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, RO is valid if it does not precede a SS/PBCH block in the PRACH slot, starts at least  symbols after a last SS/PBCH block reception symbol, is fully contained within UL subband on SBFD symbols and not across SBFD symbols and non-SBFD symbols.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, RO is valid if 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, is fully contained within UL subband on SBFD symbols and not across SBFD symbols and non-SBFD symbols.
An example of valid RO determination is shown in Figure 1. RO#3 and RO#7 are invalid since they are not fully within UL subband on SBFD symbols and RO#4 to RO#7 are invalid because they are across SBFD symbols and non-SBFD symbols.
 [image: ]
[bookmark: _Ref157695080]Figure 1 Example of valid RO determination
Proposal 3: For SBFD aware UE, valid RO can locate on SBFD symbols and should not be across SBFD symbols and non-SBFD symbols, and the definition of valid RO in SBFD slot as below can be considered as starting point: 
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, RO is valid if it does not precede a SS/PBCH block in the PRACH slot, starts at least  symbols after a last SS/PBCH block reception symbol, is fully contained within UL subband on SBFD symbols and not across SBFD symbols and non-SBFD symbols.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, RO is valid if 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, is fully contained within UL subband on SBFD symbols and not across SBFD symbols and non-SBFD symbols.

Valid RO and SSB mapping
In RAN1#116 meeting, we discussed RACH configuration for SBFD aware UE in RRC CONNECTED state and the following agreement was achieved:
	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



The association/mapping between SSB and valid RO and preamble is determined by ssb-perRACH-OccasionAndCB-PreamblesPerSSB or msgA-SSB-PerRACH-OccasionAndCB-PreamblesPerSSB for 4-step RACH and 2-step RACH, respectively. If N>1, N SSB are associated with a RO wherein different preambles transmitted in the valid RO are used to differentiate SSB indexes. If N<1, one SSB is associated with N valid RO wherein all preambles transmitted in the valid RO are associated with the SSB.
For SBFD aware UE, the valid RO located on SBFD symbols can be used to transmit preamble, which are determined in addition to legacy valid RO. On the other hand, the legacy valid ROs, i.e., valid ROs in legacy UL and flexible symbols determined via current specification, are available for both SBFD aware UE and non-SBFD aware UE. Non-backward compatibility issue should be avoided. One example on additional valid ROs and legacy valid ROs are shown in Figure 2, wherein RACH config#154 and msg1-FDM = 2 are assumed.
[image: ]
[bookmark: _Ref157695403]Figure 2 Example of additional valid RO and legacy valid RO

If SBFD aware UE and non-SBFD aware UE share same RACH configuration, valid ROs for SBFD aware UE and non-SBFD aware UE are different. According to the mechanism on defining association between SSB and valid RO, the mapping between SSB and valid RO are quite different for SBFD aware UE and non-SBFD aware UE. In Figure 2, ROs locate in subframe 2,3,4,7,8,9 and PRACH configuration period is 2 radio frames according to RACH config#154. Assuming there are 8 SSB, msg1-FDM = 2, N=1 and R=8, the mapping between SSB indexes and valid RO is shown in Figure 3. 
· For SBFD aware UE, there are 12 valid ROs within a radio frame, including additional 2 valid ROs each for slot#2, slot#3, slot#7 and slot#8. The mapping between SSB and valid RO from SBFD aware UE perspective is shown in the right figure. It can be observed that one-to-one mapping between SSB and valid RO can be finished within single radio frame.
· For non-SBFD aware UE, there are 4 valid RO within a radio frame. The valid RO only exists on slot#4 and slot#9, which leads a larger association period. The mapping between SSB and valid RO from non-SBFD aware UE perspective is shown in the left figure.
[image: ]
[bookmark: _Ref157624120]Figure 3 Example of ambiguity on determining the target SSB associated with the shared RO between SBFD aware UE and non-SBFD aware UE: mapping of non-SBFD aware UE (left) and mapping of SBFD aware UE (right)

Based on the above example, it is obvious that association between SSB and valid RO on the same slot are different. In this case, gNB cannot make a decision on the intended SSB as different UE have different understanding on the relationship between preamble and SSB. 

Observation 1: If SBFD aware UE and non-SBFD aware UE share same RACH configuration, there is ambiguity on determining the target SSB associated with the shared RO between SBFD aware UE and non-SBFD aware UE.

With a shared valid RO and same set of preambles, gNB cannot determine the intending SSB index for a UE transmitting preamble in the RO. In order to avoid negative impact on non-SBFD aware UE and exploit potential benefits brought by SBFD operation for SBFD aware UE, the following options can be further studied.
· Option 1) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. Valid RO/SSB association is separately determined for legacy valid RO and additional valid RO on SBFD slots, respectively.
· [bookmark: OLE_LINK1]Option 2) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. Different preamble is used to differentiate SSB on sharing RO if the target SSB is different from SBFD aware UE perspective and non-SBFD aware UE perspective. 
· [bookmark: _Hlk159175235]Option 3) Two separate RACH configurations are provided to SBFD aware UE, i.e., one legacy RACH configuration and one additional RACH configuration. The extra RACH configuration can be applied to both SBFD slots and non-SBFD slots.
· Option 4) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. For SBFD aware UE, it determines the association between valid RO and SSB with taking legacy valid RO and additional valid RO on SBFD slots into consideration. New SSB and RO mapping scheme is introduced for SBFD aware UE, so that SSB associated with the shared RO between SBFD aware UE and non-SBFD aware UE are same.
For option 1), SBFD aware UE and non-SBFD aware UE share same RO configuration and preamble configuration. The valid ROs on SBFD slot are transparent to non-SBFD aware UE. Regarding to the legacy valid ROs on non-SBFD slots, same mapping between RO/preamble and SSB are applied to both SBFD aware UE and non-SBFD aware UE. One example of SSB and valid RO mapping is shown in Figure 4. Option 1) is simple and has limited specific impacts. 
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[bookmark: _Ref157695424]Figure 4 Option 1): mapping of legacy valid RO (left) and mapping of additional valid RO (right)
For option 2), one single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE except available preamble indexes. To be specific, SBFD aware UE take legacy valid RO and additional valid RO on SBFD slots into account when it determines the association between valid RO and SSB. However, different preambles are configured for SBFD aware UE. Option 2) is similar to the mechanism for distinguishing 2-step RA and 4-step RA in shared RO. With option 2), the benefits of additional valid ROs are fully used. Besides, specification impacts are acceptable. 
For option 3), SBFD aware UE and non-SBFD aware UE can be configured with separate RACH configurations. SBFD aware UE and non-SBFD aware UE determine RO/preamble/SSB mapping depending on different RACH configuration. One example is shown in Figure 5, ROs of SBFD aware UE and non-SBFD aware UE are FDMed. Option 3) is similar to the mechanism for distinguishing 2-step RA and 4-step RA in same symbols as well. It is straightforward and efficient. However, segment of UL resources is more severe.
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[bookmark: _Ref157625620]Figure 5 Option 3): Separate RO configurations for SBFD aware UE and non-SBFD aware UE

For option 4), one single RACH configuration is also applied to both SBFD aware UE and non-SBFD aware UE. However, a new RO/preamble/SSB mapping rule needs to be introduced for SBFD aware UE to ensure that SSB indexes determined for SBFD aware UE and non-SBFD aware UE for a given legacy valid RO are same. One example in given in Figure 6. Firstly, SBFD aware UE determines the mapping between legacy valid RO and SSB in the same way as non-SBFD aware UE. Then, SBFD aware UE maps additional valid RO and remaining SSB in association period. With option 4), the capacity of RACH is greatly enhanced and no additional preambles are needed compared with option 2). However, it increases the complexity to determine the SSB index for a given valid RO and preamble. Besides, the specific work is enormous to determine the new mapping relationship.
[image: ]
[bookmark: _Ref157695436]Figure 6 Option 4): mapping of non-SBFD aware UE (left) and mapping of SBFD aware UE (right)

For option 1), 2), and 4), the valid RO/SSB association is unique for both SBFD aware UE and non-SBFD aware UE. For option 3), the valid RO/SSB association for SBFD aware UE and non-SBFD aware UE are different.  In a word, all the aforementioned options are workable and needs further study.

Proposal 3: The mapping between valid RO and SSB needs further study as SBFD UL subband configuration introduces additional valid RO for SBFD aware UE. The following options can be considered as starting point:
· Option 1) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. Valid RO/SSB association is separately determined for legacy valid RO and additional valid RO on SBFD slots, respectively.
· Option 2) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. Different preamble is used to differentiate SSB on sharing RO if the target SSB is different from SBFD aware UE perspective and non-SBFD aware UE perspective. 
· Option 3) Two separate RACH configurations are provided to SBFD aware UE, i.e., one legacy RACH configuration and one additional RACH configuration. The extra RACH configuration can be applied to both SBFD slots and non-SBFD slots.
· Option 4) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. New SSB and RO mapping scheme is introduced for SBFD aware UE so that SSB associated with the shared RO between SBFD aware UE and non-SBFD aware UE are same.

Preamble format used by SBFD aware UE
In RAN1#116 meeting, we discussed PRACH format for SBFD aware UE in RRC CONNECTED state and the following conclusion was achieved:
	Conclusion
No new PRACH format is introduced in Rel-19 duplex WI.



It is concluded that no new PRACH format is introduced in Rel-19 duplex WI. However, whether/how to allow SBFD aware UE and non-SBFD aware UE to use different PRACH preamble formats need further discussion.
For SBFD aware UE, it has more chance to transmit long PRACH format as more continuous available OFDM symbols on SBFD slots, which is helpful to improve coverage of PRACH. On the other hand, legacy UE cannot enjoy the benefits from SBFD subband hence any PRACH formats have to be fitted into the common TDD UL DL configuration and guarantee there is at least one valid RO in the end.
If one single RACH configuration is used for SBFD aware UE and non-SBFD aware UE, it is straightforward that SBFD aware UE and non-SBFD aware UE are configured with same PRACH preamble format. Otherwise, there would be two PRACH preamble formats in one shared RO, which bring more complexity on receiving/detecting preamble at gNB side. Considering different preamble formats are transmitted on the partially overlapping time domain resources, it may be even impossible for gNB to successfully detect any of them. If two separate RACH configurations are used for SBFD aware UE and non-SBFD aware UE, different PRACH preamble formats can be configured in current specification. 

Proposal 4: If different PRACH preamble formats are needed for SBFD aware UE and non-SBFD aware UE, one additional RACH configuration is provided to SBFD aware UE.


Existing random access configuration tables for unpaired spectrum
In current specification, table 6.3.3.2-3 and table 6.3.3.2-4 in TS38.211 define the available RACH configuration for unpaired spectrum in FR1 and FR2, respectively. Basically, the RACH configuration can be categorized into the following two groups:
· The periodicity of RACH configuration is larger than 1 radio frame, i.e., x=2, 4, 8, 16. As example, we excerpt PRACH configuration#0 to PRACH configuration#15 defined in Table 6.3.3.2-2 as below. It can be observed that the configured RO only exists in a particular subframe within configuration periodicity. For these configurations, they are not suitable for random access on SBFD symbols as the corresponding RO are quite sparse in time domain and cannot utilize the advantage of more time domain resources brought by SBFD subband.

	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ], number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	0
	0
	16
	1
	1
	0
	-
	-
	0

	1
	0
	16
	1
	4
	0
	-
	-
	0

	2
	0
	16
	1
	7
	0
	-
	-
	0

	3
	0
	16
	1
	9
	0
	-
	-
	0

	4
	0
	8
	1
	1
	0
	-
	-
	0

	5
	0
	8
	1
	4
	0
	-
	-
	0

	6
	0
	8
	1
	7
	0
	-
	-
	0

	7
	0
	8
	1
	9
	0
	-
	-
	0

	8
	0
	4
	1
	1
	0
	-
	-
	0

	9
	0
	4
	1
	4
	0
	-
	-
	0

	10
	0
	4
	1
	7
	0
	-
	-
	0

	11
	0
	4
	1
	9
	0
	-
	-
	0

	12
	0
	2
	1
	1
	0
	-
	-
	0

	13
	0
	2
	1
	4
	0
	-
	-
	0

	14
	0
	2
	1
	7
	0
	-
	-
	0

	15
	0
	2
	1
	9
	0
	-
	-
	0



· The periodicity of RACH configuration equals 1 radio frame, i.e., x=1. As example, we excerpt PRACH configuration#16 to PRACH configuration#27 defined in Table 6.3.3.2-2 as below. It can be observed that the configured RO can locate in more subframes within configuration periodicity. Extremely, PRACH configuration#27 provides a configuration that configured RO exists in each subframe within configuration periodicity. Accordingly, the current PRACH configuration with multiple RO within configuration periodicity can be used to exploit the benefits brought by SBFD subband.
	PRACH
Configuration 
Index
	Preamble format
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	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ], number of time-domain PRACH occasions within a PRACH slot
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PRACH duration
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	16
	0
	1
	0
	1
	0
	-
	-
	0

	17
	0
	1
	0
	4
	0
	-
	-
	0

	18
	0
	1
	0
	7
	0
	-
	-
	0

	19
	0
	1
	0
	1,6
	0
	-
	-
	0

	20
	0
	1
	0
	2,7
	0
	-
	-
	0

	21
	0
	1
	0
	3,8
	0
	-
	-
	0

	22
	0
	1
	0
	1,4,7
	0
	-
	-
	0

	23
	0
	1
	0
	2,5,8
	0
	-
	-
	0

	24
	0
	1
	0
	3, 6, 9
	0
	-
	-
	0

	25
	0
	1
	0
	0,2,4,6,8
	0
	-
	-
	0

	26
	0
	1
	0
	1,3,5,7,9
	0
	-
	-
	0

	27
	0
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	-
	-
	0



The situation in FR2 is similar with that in FR1. Thus, the current RACH configurations are sufficient to enable RO(s) configured in DL symbols by TDD-DL-UL common.

Proposal 5: There is no need to enhance the existing random access configuration tables for unpaired spectrum.

PRACH with repetition
In RAN1#116 meeting, we discussed PRACH repetition for SBFD aware UE in RRC CONNECTED state and the following agreement was achieved:
	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.



In order to improve coverage of PRACH, PRACH with repetition in 4-step CBRA was specified in Rel-18 CE for PRACH transmission. If share RO is configured, different preambles are used to differentiate whether repetition is enabled for PRACH. Otherwise, separate ROs are configured for PRACH with repetition and PRACH without repetition. For PRACH with repetition, a preamble is repeated on R valid ROs with same frequency resources. When separate ROs are configured to distinguish PRACH without repetition and PRACH with repetition, RO group is introduced to reduce latency of PRACH with repetition. A RO group contains M consecutive valid ROs for PRACH with M repetitions. One example is shown in Figure 7, where it is assumed that FDMed RO=1, SSB-to-RO mapping N=1, repetition number R=4 and number of SSB = 2.
[image: ]
[bookmark: _Ref158041787]Figure 7 PRACH with four repetitions

Considering UL coverage enhancement is one of the key motivations to support SBFD operation, it is reasonable to support PRACH with repetition on SBFD symbols (extra valid RACH occasion(s) located on SBFD symbols). 

Proposal 6: PRACH repetition on extra valid RO in SBFD slots should be supported.  

gNB-gNB inter-subband CLI and UE-UE inter-subband CLI are introduced in SBFD symbols. The interference strengths across SBFD symbols and non-SBFD symbols may be very different. Separate PRACH power control parameters configuration for SBFD symbols and non-SBFD symbols respectively is one of promising method to handle CLI. 
When PRACH repetition across SBFD symbols and non-SBFD symbols in different slots, we need to look into what kind of assumption on power control parameters should be assumed if separate power control parameters are configured for SBFD symbols and non-SBFD symbol. In the current specification, the same preamble index and power should be guaranteed for each PRACH repetition. 

Proposal 7: If PRACH repetition across SBFD symbol and non-SBFD symbol is allowed, further study the interaction between PRACH repetition and separate power control parameters for different symbol type.  

Msg2 PDSCH and Msg4 PDSCH reception
In RAN1#116 meeting, the following agreement was achieved:
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, at least further study whether/how to enable Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols taking into account the following aspects:
· Msg2[/Msg4 PDSCH] reception in DL subband(s)
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] frequency resource allocation and frequency hopping
· Msg3 repetition
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] power control
· FFS whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.


DCI format 1_0 is used to schedule Msg2 PDSCH and Msg4 PDSCH. Either interleaved VRB-to-PRB mapping or non-interleaved VRB-to-PRB mapping can be indicated according to channel condition. However, interleaved VRB-to-PRB mapping is determined within initial DL BWP while only DL subband can be used for PDSCH reception. If interleaved VRB-to-PRB mapping is used, it is highly possible that lots of PRBs occupied by PDSCH are located outside DL subband. It is already captured in current specification that VRBs are assigned for transmission when the corresponding PRBs are declared as available for PDSCH, i.e., PDSCH can only be mapped to available resources, i.e., rate matching is automatically adopted once unavailable resources collide with the target T/F resources for PDSCH transmission. It boils down to how to clarify the unavailable resources coming along with SBFD operation. For example, we may need to explicitly capture in the specification that only RBs within DL subband on SBFD symbols are available for PDSCH. On the other hand, non-interleaved VRB-to-PRB mapping can be used to avoid PDSCH in UL subband. 
[image: ]
Figure 8 Rate matching used to determine the PRBs for Msg2 PDSCH and Msg4 PDSCH

Proposal 8: RAN1 needs to clarify that only the RBs contained in DL subband are available RBs for PDSCH in SBFD symbols. 

Msg3 PUSCH transmission across SBFD symbol and non-SBFD symbol
In RAN1#116 meeting, we discussed SBFD RA operation for SBFD aware UE in RRC CONNECTED state and the following agreement was achieved:
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, at least further study whether/how to enable Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols taking into account the following aspects:
· Msg2[/Msg4 PDSCH] reception in DL subband(s)
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] frequency resource allocation and frequency hopping
· Msg3 repetition
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] power control
· FFS whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.



The coverage of Msg3 PUSCH is essential for NR system. Therefore, Msg3 PUSCH repetition was specified in Rel-17 coverage enhancement. The basic idea is to enable Msg3 PUSCH repetition for CE capable UE according UL grant carried by RAR. Considering UL coverage enhancement is one of the key motivations to support SBFD operation, it is reasonable to support Msg3 PUSCH repetition on SBFD symbols. As mentioned in the WID of Rel-19 SBFD, only UL subband can be used for UL transmission in SBFD symbols. Hence, the UL frequency domain that can be allocated for Msg3 PUSCH may be different across SBFD symbols and non-SBFD symbols. Thus, the frequency resource allocation of Msg3 PUSCH may need enhancements. 
Msg3 PUSCH without repetition
Msg3 PUSCH transmission without repetition can be scheduled by RAR UL grant. Msg3 PUSCH retransmission without repetition can be scheduled by DCI format 0_0. Despite of how the FDRA is carried, FDRA in current specification is sufficient to ensure that the frequency resources allocated to Msg3 PUSCH in SBFD symbols doesn’t exceed UL subband.
Observation 2: For Msg3 PUSCH without repetition in SBFD symbols, no enhancement is needed.

Msg3 PUSCH with repetition
Msg3 PUSCH transmission with repetition can be scheduled by either RAR UL grant or DCI format 0_0 scrambled by TC-RNTI. Besides, inter-slot frequency hopping can be used for Msg3 PUSCH with repetition.
If frequency hopping is disabled, the frequency of Msg3 PUSCH can be determined with similar mechanisms as normal PUSCH. 
Observation 3: If frequency hopping is disabled, the frequency resources of Msg3 PUSCH with repetition can be determined with similar mechanisms as normal PUSCH.

In current specification, the frequency hopping offset is determined by the number of RBs in the initial UL BWP. Considering the available UL frequency resources for Msg3 PUSCH might be different between SBFD symbols and non-SBFD symbols, it should be ensured that Msg3 PUSCH hop in SBFD symbols are fully contained by UL subband.
If frequency hopping is enabled, gNB has to guarantee the hop doesn’t exceed UL subband if it locates in SBFD symbols. In order to simplify following analyses, the starting RB of 1st Msg3 PUSCH hop is denoted as , which is derived from SLIV carried by UL grant. To ensure that the 2nd Msg3 PUSCH hop is also within UL subband, FH offset can be applied to SBFD symbols and non-SBFD symbols with updating FH formula, e.g., mod operation is based on number of UL RBs of active UL BWP  for non-SBFD symbols and UL RBs of UL subband  for SBFD symbols, respectively. One example is illustrated in Figure 9.
Non-SBFD symbols: 
SBFD symbols: 
As for the value of FH offset, the following options can be further studied.
· Option 1) FH offset of SBFD and non-SBFD symbols could be determined by the number of UL RBs of the initial UL BWP in SBFD and non-SBFD symbols, respectively. 
· Option 2) FH offset of SBFD  can be configured in SIB1, FH offset of non-SBFD symbols  is determined with current specification.
Regarding frequency hopping pattern, one way is that first hop and its associated second hop are both located on same type of slot. As shown in Figure 9, if the first hop is allocated on a SBFD slot, the second hop will be determined on the next SBFD slot despite of whether the next SBFD slot is adjacent to the previous SBFD slot or not. Similarly, if the first hop is allocated on a non-SBFD slot, the second hop has to be determined on another non-SBFD slot. Another way is that the frequency hopping pattern is determined despite of slot type, i.e., the first hop is allocated on a SBFD slot while the second hop is allocated on a non-SBFD slot, vice versa.
[image: ]
[bookmark: _Ref157696205]Figure 9 Example of frequency of Msg3 PUSCH with repetition with FH
Proposal 9: If frequency hopping is enabled for Msg3 PUSCH, further study the mechanisms to guarantee hop located in SBFD slot does not exceed UL subband. The following aspects could be considered as starting point:
· FH offset applied to SBFD symbols and non-SBFD symbols with updating FH formula, e.g., mod operation is based on total number of UL RBs in SBFD symbols and non-SBFD symbols, respectively.
· The frequency hopping pattern in time domain is determined per slot type or across different slot types.

Discussion on 2-step CBRA procedure
MsgA transmission
For 2-step CBRA, MsgA includes MsgA-PRACH and MsgA-PUSCH. The issues and solutions considered for Msg1, i.e., valid RO determination, valid RO and SSB mapping, preamble format used by SBFD aware UE, RO(s) and preambles used by SBFD aware UE, can also be used for MsgA-PRACH. 
Observation 4: The enhancements considered for Msg1, i.e., valid RO determination, valid RO and SSB mapping, preamble format used by SBFD aware UE, RO(s) and preambles used by SBFD aware UE, can also be used for MsgA-PRACH.

The coverage of MsgA-PUSCH could also be enhanced due to more UL resources in SBFD symbols, which is similar with Msg3 PUSCH in 4-step CBRA. Similar as preamble transmission, only valid PUSCH occasions can be used for MsgA-PUSCH transmission. Thus, valid PUSCH occasions also need to be further studied. In current specification, valid PUSCH occasion is determined according to the following procedure:
· If a UE is not provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last SS/PBCH block reception symbol.
· if a UE is provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO and is within UL symbols, or it does not overlap with in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol.

Similar to the enhancement for valid RO determination, the definition of valid PUSCH occasion can be extended to SBFD slots as follows.
· If a UE is not provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot, starts at least  symbols after a last SS/PBCH block reception symbol, is fully contained within UL subband on SBFD symbols, and not across SBFD symbols and non-SBFD symbols.
· If a UE is provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, is fully contained within UL subband on SBFD symbols, and not across SBFD symbols and non-SBFD symbols.

Proposal 10: For SBFD aware UE, valid PUSCH occasion can locate on SBFD symbols, and the definition of valid PUSCH occasion in SBFD slot as below can be considered as starting point: 
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot, starts at least  symbols after a last SS/PBCH block reception symbol, is fully contained within UL subband on SBFD symbols, and not across SBFD symbols and non-SBFD symbols.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, is fully contained within UL subband on SBFD symbols, and not across SBFD symbols and non-SBFD symbols.

MsgB PDSCH reception
DCI format 1_0 is used to schedule MsgB PDSCH. Same as Msg2 PDSCH and Msg4 PDSCH, current specification is sufficient.

Considerations for CFRA and RA in RRC_IDLE/INACTIVE state
CFRA
For CFRA with 4-step RA type, dedicated preamble for Msg1 transmission is assigned by the network. Upon receiving Msg2 PDSCH (random access response), the UE completes the random access procedure. Separate ROs or shared ROs with separate preambles can be configured for CBRA with 4-step type and CFRA with 4-step type, respectively. 
For CFRA with 2-step RA, dedicated preamble and PUSCH resource are configured for MsgA transmission by the network. Upon receiving the MsgB PDSCH (network response), the UE completes the random access procedure. Separate ROs or shared ROs with separate preambles can be configured for CBRA with 2-step type and CFRA with 2-step type, respectively. 
Actually, the fundamental issue for CFRA related to SBFD operation still comes from additional valid RO on SBFD symbols for SBFD aware UE. From this perspective, the enhancements considered for 4-step CBRA and 2-step CBRA should also be applied to CFRA with 4-step RA type and CFRA with 2-step RA type. 
Proposal 11: The enhancements considered for 4-step CBRA and 2-step CBRA should also be applied to CFRA with 4-step RA type and CFRA with 2-step RA type.

RACH procedure in SBFD symbols for UE in RRC_IDLE/INACTIVE state
In RAN1#116 meeting the following conclusion was achieved:
	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.



If SBFD configuration is broadcasted via SIB1, SBFD aware UE would have the knowledge of the time and frequency resource allocation for UL subband. The benefits of random access in SBFD symbols could also be leveraged for UE in RRC_IDLE/INACTIVE state. The enhancements for RA in SBFD symbols for UE in RRC CONNECTED state can be directly applied to UE in RRC_IDLE/INACTIVE state. It has been concluded that UE-to-UE CLI caused by PRACH transmissions in UL subband in SBFD symbols in RRC_IDLE/INACTIVE state is similar to the case of RRC CONNECTED state UEs. Besides, the performance impact of UE-to-UE CLI caused by PRACH transmission in CBRA in RRC_IDLE/INACTIVE state is negligible [3,4]. Therefore, PRACH should be allowed in SBFD symbols for SBFD aware UE in RRC IDLE/INACTIVE state.

Observation 5: SBFD configuration broadcast via SIB1 is needed for RA in RRC_IDLE/INACTIVE state.
Proposal 12: For SBFD aware UEs in RRC_IDLE/INACTIVE state, PRACH transmission in SBFD symbols is supported.

Power control for RA in SBFD symbols

If SFBD operation is supported, gNB-gNB inter-subband CLI and UE-UE inter-subband CLI are introduced in SBFD symbols. The interference strengths across SBFD symbols and non-SBFD symbols can be very different. Possibly, UL power boosting in victim gNB can be adopted to combat the gNB-gNB CLI. On the other hand, UL power reduction of aggressor UE can be used to reduce UE-UE CLI.
Separate PRACH power control parameters configuration, i.e., preambleReceivedTargetPower, powerRampingStep, and PCMAX, respectively for SBFD symbols and non-SBFD symbols can be used to enable UL power boosting or UL power reduction in SBFD symbols. 

Proposal 13: Separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols may be needed to enable gNB-gNB CLI and UE-UE CLI mitigation if RA in SBFD symbols is supported.

Conclusion 
In this contribution, we provide our views on SBFD operation to support random access in SBFD symbols. We have the following observations:
Observation 1: If SBFD aware UE and non-SBFD aware UE share same RACH configuration, there is ambiguity on determining the target SSB associated with the shared RO between SBFD aware UE and non-SBFD aware UE.
Observation 2: For Msg3 PUSCH without repetition in SBFD symbols, no enhancement is needed.
Observation 3: If frequency hopping is disabled, the frequency resources of Msg3 PUSCH with repetition can be determined with similar mechanisms as normal PUSCH.
Observation 4: The enhancements considered for Msg1, i.e., valid RO determination, valid RO and SSB mapping, preamble format used by SBFD aware UE, RO(s) and preambles used by SBFD aware UE, can also be used for MsgA-PRACH.
Observation 5: SBFD configuration broadcast via SIB1 is needed for RA in RRC_IDLE/INACTIVE state.

Based on the aforementioned discussion and observation, we have the following proposals:
Proposal 1: Confirm the following working assumption that both CBRA and CFRA in SBFD symbols are supported for SBFD aware UEs in RRC CONNECTED state.
	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.


Proposal 2: For SBFD aware UE in RRC CONNECTED state, support Type-2 random access procedure (2-step RACH) in SBFD symbols.
Proposal 3: For SBFD aware UE, valid RO can locate on SBFD symbols and should not be across SBFD symbols and non-SBFD symbols, and the definition of valid RO in SBFD slot as below can be considered as starting point: 
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, RO is valid if it does not precede a SS/PBCH block in the PRACH slot, starts at least  symbols after a last SS/PBCH block reception symbol, is fully contained within UL subband on SBFD symbols and not across SBFD symbols and non-SBFD symbols.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, RO is valid if 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, is fully contained within UL subband on SBFD symbols and not across SBFD symbols and non-SBFD symbols.
Proposal 3: The mapping between valid RO and SSB needs further study as SBFD UL subband configuration introduces additional valid RO for SBFD aware UE. The following options can be considered as starting point:
· Option 1) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. Valid RO/SSB association is separately determined for legacy valid RO and additional valid RO on SBFD slots, respectively.
· Option 2) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. Different preamble is used to differentiate SSB on sharing RO if the target SSB is different from SBFD aware UE perspective and non-SBFD aware UE perspective. 
· Option 3) Two separate RACH configurations are provided to SBFD aware UE, i.e., one legacy RACH configuration and one additional RACH configuration. The extra RACH configuration can be applied to both SBFD slots and non-SBFD slots.
· Option 4) One single RACH configuration is applied to both SBFD aware UE and non-SBFD aware UE. New SSB and RO mapping scheme is introduced for SBFD aware UE so that SSB associated with the shared RO between SBFD aware UE and non-SBFD aware UE are same.
Proposal 4: If different PRACH preamble formats are needed for SBFD aware UE and non-SBFD aware UE, one additional RACH configuration is provided to SBFD aware UE.
Proposal 5: There is no need to enhance the existing random access configuration tables for unpaired spectrum.
Proposal 6: PRACH repetition on extra valid RO in SBFD slots should be supported.  
Proposal 7: If PRACH repetition across SBFD symbol and non-SBFD symbol is allowed, further study the interaction between PRACH repetition and separate power control parameters for different symbol type.  
Proposal 8: RAN1 needs to clarify that only the RBs contained in DL subband are available RBs for PDSCH in SBFD symbols. 
Proposal 9: If frequency hopping is enabled for Msg3 PUSCH, further study the mechanisms to guarantee hop located in SBFD slot does not exceed UL subband. The following aspects could be considered as starting point:
· FH offset applied to SBFD symbols and non-SBFD symbols with updating FH formula, e.g., mod operation is based on total number of UL RBs in SBFD symbols and non-SBFD symbols, respectively.
· The frequency hopping pattern in time domain is determined per slot type or across different slot types.
Proposal 10: For SBFD aware UE, valid PUSCH occasion can locate on SBFD symbols, and the definition of valid PUSCH occasion in SBFD slot as below can be considered as starting point: 
· If a SBFD aware UE is not provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot, starts at least  symbols after a last SS/PBCH block reception symbol, is fully contained within UL subband on SBFD symbols, and not across SBFD symbols and non-SBFD symbols.
· If a SBFD aware UE is provided tdd-UL-DL-ConfigurationCommon, PUSCH occasion is valid if it does not overlap in time and frequency with any valid RO, does not precede a SS/PBCH block in the PUSCH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, is fully contained within UL subband on SBFD symbols, and not across SBFD symbols and non-SBFD symbols.
Proposal 11: The enhancements considered for 4-step CBRA and 2-step CBRA should also be applied to CFRA with 4-step RA type and CFRA with 2-step RA type.
Proposal 12: For SBFD aware UEs in RRC_IDLE/INACTIVE state, PRACH transmission in SBFD symbols is supported.
Proposal 13: Separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols may be needed to enable gNB-gNB CLI and UE-UE CLI mitigation if RA in SBFD symbols is supported.
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