3GPP TSG RAN WG1 #116-bis                                                                                                      R1-2402166
Changsha, Hunan Province, China, April 15th – 19th, 2024

Source:	ZTE
[bookmark: OLE_LINK7]Title:	Discussion on SBFD random access operation
Agenda item:	9.3.2
Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK13]In RAN#102 meeting, a new WID on evolution of NR duplex operation: Sub-band full duplex (SBFD) has been endorsed [1]. The objective on random access operation for SBFD aware UE in RRC_CONNECTED mode is to be specified, and the objective on RRC_IDLE/INACTIVE mode should be studied first before proceeding normative work. In RAN1#116 meeting, the following working assumption/conclusions/agreements are reached [2]. 
	Working assumption:
[bookmark: OLE_LINK8]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)
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.
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.


In this contribution, some analysis and evaluations on SBFD random access operation are presented. In addition, enhancements for supporting the operation are also discussed. 
SBFD random access operation in RRC CONNECTED mode
General aspects
Regarding random access in RRC CONNECTED mode, both CBRA and CFRA can be initiated for a random access procedure. For example, for a UE in RRC CONNECTED mode that loses uplink synchronization, arrival of downlink or uplink data will trigger the UE to initiate a CBRA process. In another example, when uplink data arrives, but the UE has no available SR resource, the UE also initiates a CBRA process. For CFRA, handover is a typical case. Both of them are important mode of random access in RRC CONNECTED mode, and have their own application scenarios. Therefore, both of them should be supported for SBFD operation in RRC CONNECTED mode. 
Proposal 1: Confirm the following working assumption. 
· For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
According to the analysis in subsequent subsections, most of the potential enhancements on supporting SBFD random access operation in RRC CONNECTED mode are similar for CBRA and CFRA. In Table-1, a summary of potential enhancements for SBFD random access operation under CBRA and CFRA is given according to whether the RO configuration is shared among SBFD-aware UE and legacy UE or not.
Table-1: Summary of potential enhancements for SBFD random access operation under CBRA and CFRA
	
	Shared RO configuration among SBFD-aware UE and legacy UE
	Separated RO configurations for SBFD-aware UE and legacy UE

	UL usable PRBs determination for SBFD RACH operation
	Similar for both CBRA and CFRA
	Similar for both CBRA and CFRA

	Valid RO determination
	Similar for both CBRA and CFRA
	Similar for both CBRA and CFRA

	UE capability report
	CBRA: early indication via PRACH resource partition (RO or preamble level) is required
CFRA: UE capability signaling after entering RRC CONNECTED mode
	CBRA: early indication via PRACH resource partition (RO level) is required
CFRA: UE capability signaling after entering RRC CONNECTED mode

	Association between SSB and valid RO
	Similar for both CBRA and CFRA
	For both of CBRA and CFRA, existing association rule is enough

	Supportive of PRACH repetition under SBFD RACH operation
	Similar for both CBRA and CFRA (for events supporting PRACH repetition)
	Similar for both CBRA and CFRA (for events supporting PRACH repetition)

	Resource restriction for subsequent uplink transmission
	Similar for both CBRA and CFRA
	Similar for both CBRA and CFRA


Observation 1: For supporting SBFD random access operation in RRC CONNECTED mode, most potential enhancements for SBFD random access operation are similar for both CBRA and CFRA.
In addition, the CFRA procedure can be triggered by different events as listed in Table 2 and the corresponding PRACH resource configuration/indication schemes can be different. 
Table 2: Different triggering events for CFRA and the corresponding PRACH resource determination
	[bookmark: OLE_LINK25]Events
	PRACH resource configuration/indication

	DL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when UL synchronisation status is "non-synchronised";
	CFRA resource configured by RACH-ConfigCommon
PDCCH order indicating the used PRACH resource and preamble

	To establish time alignment for a primary or a secondary TAG;
	

	Positioning purpose during RRC_CONNECTED requiring random access procedure, e.g., when timing advance is needed for UE positioning;
	

	Early UL synchronization with an LTM candidate cell;
	CFRA resource configured by EarlyUL-SyncConfig
PDCCH order indicating the used PRACH resource and preamble

	Explicit request by RRC upon synchronous reconfiguration, E.G., Handover;
	Dedicated PRACH resource and preamble configured by RACH-ConfigDedicated 

	Beam failure recovery;
	Dedicated PRACH resource, preamble and root sequence configured by BeamFailureRecoveryConfig

	Request for Other SI
	Dedicated PRACH resource and preamble configured by SI-RequestConfig

	RACH-based LTM cell switch.
	CFRA resource configured by RACH-ConfigDedicated or RACH-ConfigCommon
LTM Cell Switch Command MAC CE indicating the used PRACH resource and preamble


During RAN1#116 meeting, the following proposal on whether to support all random access triggering events for SBFD RACH operation was discussed [3]. 
	Initial proposal 1-1-3 (closed):
For SBFD aware UEs in RRC CONNECTED state, RAN1 aims to support all random access triggering events for random access operation in SBFD symbols, unless specific issues are further identified.
· Send LS to RAN2 to check the feasibility.


From our point of views, SBFD random access operation can help to reduce the random access latency and PRACH collision probability and to improve the cell range and PRACH coverage, which are applicable to any CFRA procedure initiated by different events. Among different CFRA triggering events, PDCCH order triggered RACH procedure may has some RAN1 impacts on DCI format design. Therefore, RAN1 can first focus on the triggering events that may affect RAN1 specification, i.e., SBFD random access operation triggered by PDCCH order. For other triggering events, potential enhancements can be further considered by RAN2.
[bookmark: OLE_LINK14]Observation 2: The benefits for supporting SBFD RACH operation in RRC CONNECTED mode are applicable to all CFRA procedures initiated by different events.
Based on the above analysis, we have the following proposal.
Proposal 2: RAN1 can focus on the potential enhancement to support SBFD random access operation triggered by PDCCH order.
· Other triggering events, which may have no RAN1 impacts, can be discussed in RAN2. 
About 2-step RACH, the main advantages of SBFD random access operation are latency reduction and coverage improvement. From the perspective of latency reduction, this is also the main purpose of 2-step RACH procedure. On the other hand, the 2-step RACH procedure is applicable to central UEs, which are not restricted in coverage. Also considering 2-step RACH is not a mandatory feature, the motivation to support 2-step RACH is relatively less convincing compared to 4-step RACH. 
Proposal 3: About SBFD random access operation in RRC CONNECTED mode, the discussion on 2-step RA type should be deprioritized. 
UL usable PRBs determination for RACH operation
[bookmark: OLE_LINK9]The UL subband configuration and UL usable PRBs determination for UL transmission were discussed in AI 9.3.1. As proposed in our companion contribution [4], a cell-specific configuration on frequency location of SBFD subbands within a TDD carrier should be supported. It is also important to clarify how to determine the UL usable PRBs for RACH operation based on the cell-specific frequency location configuration of SBFD subbands. As an example shown in Figure-1, the UL usable PRBs for RACH procedure can be determined as intersection between cell-specific UL subband and active UL BWP in DL symbols with subband configuration. For flexible symbols with subband configuration, the determination of UL usable PRBs should be further studied by taking the relationship with legacy RO into account. 
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Figure 1: UL usable PRBs for RACH procedure
[bookmark: OLE_LINK5]Proposal 4: The UL usable PRBs for RACH procedure can be determined as intersection between cell-specific UL subband and active UL BWP in DL symbols with subband configuration. 
· FFS: UL usable PRBs determination in flexible symbols with subband configuration.
PRACH resource configuration scheme
Regarding PRACH resource configuration scheme, the following two options were agreed during RAN1#116 meeting for further consideration. 
	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


[bookmark: OLE_LINK18]Regarding option 1, a configuration example is showed in Figure-2. The existing RO resource configuration can be shared among SBFD-aware UE and the legacy UE. Therefore, a lower signaling overhead can be expected. By this way, more ROs located within the SBFD symbols can be obtained by SBFD-aware UE. New rules on valid RO determination should be defined as the frequency range of the configured RO may exceed the bandwidth of the UL usable PRBs, for example, ROs identified by dotted boxes in Figure-2. The detail rule is further discussed in section 2.5. It should be noted that the configured RO in non-SBFD symbols can be identified by both of SBFD-aware UE and legacy UE. There is no reason to restrict SBFD-aware UE from using these shared RO. The only issue is whether to distinguish two types of UEs when the shared RO is used. From our point of view, it is better to indicate its UE capability on SBFD random access operation as earlier as possible. And the subsequent uplink transmission during random access may be scheduled on the UL usable PRBs of the SBFD symbols. For example, the PRACH resource partition mechanism which is widely used for the early indication of a specific UE feature can be reused. In this way, Msg3 PUSCH as well as PUCCH for Msg4 can be further scheduled on the UL subband. 
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Figure-2: Shared RO resource configuration for SBFD-aware UE and legacy UE
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Observation 3: A lower signaling overhead can be expected if shared RO resource configuration is used among SBFD-aware UE and legacy UE. 
Observation 4: The frequency range of the configured RO may exceed the bandwidth of the UL usable PRBs if shared RO resource configuration is used among SBFD-aware UE and legacy UE. 
For option 2, a configuration example is showed in Figure-3. An additional RO resource configuration information for SBFD-aware UE is introduced. This is simpler and more flexible compared to option 1. For example, different PRACH formats can be configured for SBFD-aware UE and legacy UE, respectively. Based on the legacy frame structure, e.g., DDDSU, only short format can be supported. For SBFD-aware UE, long format can be configured due to more time-domain UL resources. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK17][bookmark: OLE_LINK20]About ROs in non-SBFD symbols, if they are configured by legacy RO resource configuration, SBFD-aware UE can also use them. However, it will be considered as a legacy UE. On the other hand, if ROs in non-SBFD symbols are configured by additional RO resource configuration, we think the SBFD-aware UE can also use them. One potential issue is that RO resources obtained from the two configurations may overlap with each other. How to solve this configuration conflict needs to be further discussed. 
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Figure-3: Separated RO resource configurations for SBFD-aware UE and legacy UE
Observation 5: Separate RO resource configuration for SBFD-aware UE and legacy UE is more flexible, e.g., different PRACH formats can be configured for different types of UE. 
Observation 6: RO resources in non-SBFD symbols obtained from the legacy RO resource configuration and the additional RO resource configuration may overlap with each other. 
In legacy NR, shared RACH configuration and separated RACH configuration are widely used among different UE capabilities, e.g., single PRACH transmission and multiple PRACH transmissions. And the Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) are used to realize the corresponding PRACH resource partitioning for further distinguishing different UE capabilities. Similarly, the framework can also be used for RO resource configuration for SBFD-aware UE and legacy UE.
From our perspective, both of option 1 and option 2 should be supported to improve configuration flexibility. And the existing framework of feature combination and additional RACH configuration can also be used for SBFD RACH operation. 
Proposal 5: About configuration of RO resource in SBFD RACH operation, the existing framework of feature combination and additional RACH configuration can be reused. And both options can be supported. 
· Option 1: Use one single RACH configuration with possible enhancement
· New rules on valid RO determination should be defined as the frequency range of the configured RO may exceed the bandwidth of the UL usable PRBs.
· SBFD-aware UE can use the ROs in non-SBFD symbols, and PRACH resource partition (preamble level) mechanism can be reused for the early indication of the UE capability on SBFD RACH operation.
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration
· Different PRACH formats can be configured by the legacy RACH configuration and the additional RACH configuration.
· ROs in non-SBFD symbols configured by legacy RO resource configuration can be used by SBFD-aware UE, which will be considered as a legacy UE. 
· ROs in non-SBFD symbls are configured by additional RO resource configuration can be used by SBFD-aware UE. 
· FFS whether/how to solve RO resources obtained from the two configurations that overlap with each other
Potential enhancements on RACH configuration information
During RAN1#116 meeting, the following proposal about potential enhancement on RACH configuration information, e.g., random access configuration table, was discussed [3]. 
	Updated proposal 1-2-5a (closed):
RAN1 to decide whether the existing random access configuration tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2) need to be enhanced.


For unpaired spectrum, the random access configuration tables are mainly designed for typical TDD UL/DL configuration, and the configured RO position may not perfectly match the SBFD symbols location. Therefore, companies proposed to enhance the random access configuration tables for support SBFD RACH operation with a better flexibility. 
Some of the entries of random access configuration table for FR1 and unpaired spectrum are copied below. The flexibility on subframe configuration is sufficient for most PRACH formats, such as, long format 0, 3 and all short formats. Therefore, from our point of view, the existing random access configuration table can be reused without additional enhancement.
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
	PRACH
Configuration 
Index
	Preamble format
	
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
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number of time-domain PRACH occasions within a PRACH slot
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PRACH duration
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	21
	0
	1
	0
	4,8,9
	0
	-
	-
	0

	22
	0
	1
	0
	3,4,9
	0
	-
	-
	0

	23
	0
	1
	0
	7,8,9
	0
	-
	-
	0

	24
	0
	1
	0
	3,4,8,9
	0
	-
	-
	0

	25
	0
	1
	0
	6,7,8,9
	0
	-
	-
	0

	26
	0
	1
	0
	1,4,6,9
	0
	-
	-
	0

	27
	0
	1
	0
	1,3,5,7,9
	0
	-
	-
	0

	...
	
	
	
	
	
	
	
	

	61
	3
	1
	0
	4,8,9
	0
	-
	-
	0

	62
	3
	1
	0
	3,4,9
	0
	-
	-
	0

	63
	3
	1
	0
	7,8,9
	0
	-
	-
	0

	64
	3
	1
	0
	3,4,8,9
	0
	-
	-
	0

	65
	3
	1
	0
	1,4,6,9
	0
	-
	-
	0

	66
	3
	1
	0
	1,3,5,7,9
	0
	-
	-
	0

	...
	
	
	
	
	
	
	
	

	86
	A1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	7
	1
	3
	2

	...
	
	
	
	
	
	
	
	

	109
	A2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	9
	1
	1
	4

	...
	
	
	
	
	
	
	
	

	132
	A3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	7
	1
	1
	6

	...
	
	
	
	
	
	
	
	

	144
	B1
	1
	0
	1,3,5,7,9
	2
	1
	6
	2

	...
	
	
	
	
	
	
	
	

	167
	B4
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	1
	12

	168
	B4
	1
	0
	0,1,2,3,4,5,6,7,8,9
	2
	1
	1
	12

	...
	
	
	
	
	
	
	
	

	188
	C0
	1
	0
	0,1,2,3,4,5,6,7,8,9
	8
	1
	3
	2

	...
	
	
	
	
	
	
	
	

	210
	C2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	8
	1
	1
	6

	...
	
	
	
	
	
	
	
	

	225
	A1/B1
	1
	0
	0,1,2,3,4,5,6,7,8,9
	8
	1
	3
	2

	...
	
	
	
	
	
	
	
	

	240
	A2/B2
	1
	0
	0,1,2,3,4,5,6,7,8,9
	6
	1
	2
	4

	...
	
	
	
	
	
	
	
	

	255
	A3/B3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	2
	1
	2
	6

	...
	
	
	
	
	
	
	
	


Observation 7: The flexibility on subframe configuration is sufficient for most PRACH formats, such as, long format 0, 3 and all short formats. 
Proposal 6: The existing random access configuration table can be reused without additional enhancement. 
Valid RO determination
During RAN1#116 meeting, valid RO determination rule was discussed, the following agreement was made. 
	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 legacy NR, if tdd-UL-DL-ConfigurationCommon is provided, only configured RO located within UL symbols or flexible symbols with a certain condition can be considered as a valid RO. Obviously, the existing rules are no longer applicable for valid RO determination under RACH on SBFD symbols case. And a new rule should be defined for determining valid RO within SBFD symbols.
	-	If a UE is provided , a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1. 


The new rule for valid RO determination under SBFD RACH operation can be discussed from the time domain and frequency domain, respectively.
· Time domain
The UL subband can be configured within DL and/or flexible symbols indicated by tdd-UL-DL-ConfigurationCommon. However, a configured RO located within a DL symbol will not be determined as a valid RO according to the existing rules [5] for valid RO determination. The time domain resource range of a valid RO can be extended to DL symbols with subband configuration.
Further, if a configured RO across SBFD and non-SBFD symbols in the same slot or across slots, it cannot be considered as a valid RO. Similar as other transmissions, if a PRACH transmission across SBFD and non-SBFD symbols, it will suffer phase continuity issue under potential different antenna panel configurations, a higher implementation complexity can be expected. Therefore, a valid RO can only be on SBFD symbols or on non-SBFD symbols. 
· Frequency domain
As discussed in section 2.4, if the RO resource configuration is shared by the SBFD-aware UE and the legacy UE, some configured ROs may exceed the frequency range of the UL usable PRBs. These configured ROs should not be considered as valid ROs. In addition, as commented by companies, the uncertainty of PRACH transmission may have a potential impact on DL reception. Therefore, additional protection methods can be considered for valid RO determination. For example, if the frequency domain gap between the configured RO and the UL usable PRBs boundary is less than a predefined threshold, the configured RO is considered as an invalid RO.
In addition, if configured ROs are located within flexible symbols and the existing conditions are met, all the configured ROs shown in Figure-4 are considered as valid ROs for a legacy UE. While for a SBFD-aware UE, further discussion is needed on whether the frequency domain restriction caused by UL usable PRBs mentioned above exists or not.
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Figure-4: Configured ROs in flexible symbols
[bookmark: OLE_LINK10]Proposal 7: The following additional rules about valid RO determination in DL symbols with SBFD configuration can be considered,
· The frequency location of a configured RO should be contained within the UL usable PRBs; 
· The frequency domain gap between the configured RO and the UL usable PRBs boundary should be larger than or equal to a predefined threshold;
· The time resource of the configured RO should only be on SBFD symbols or on non-SBFD symbols.
Proposal 8: The rules about valid RO determination in flexible symbols with SBFD configuration can be further considered.
[bookmark: OLE_LINK4]Association between SSB and valid RO
According to RRC parameter ‘ssb-perRACH-Occasion’, valid ROs will associate with actual transmitted SSBs following a ‘frequency first time second’ order. There are two potential schemes about PRACH resource configuration as discussed in section 2.3. Different schemes have different impacts on SSB-RO mapping.
If one single RACH configuration is used for both of the SBFD-aware UE and the legacy, and the SBFD-aware UE can use the ROs in non-SBFD symbols, potential mismatching about SSB-RO association between the SBFD-aware UE and the legacy UE should be considered. As an example shown in Figure-5, NW configures 4 SSBs and SSB #1, #2, #3 are actually transmitted. For valid ROs in UL slot which are shared by all UEs, the SSB/RO association may be different from different types of UE’s perspective. The association rule should be revisited for the SBFD-aware UE.
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Figure-5: SSB and RO association mismatching between SBFD-aware UE and legacy UE
Observation 8: If one single RACH configuration is used for both of the SBFD-aware UE and the legacy, and the SBFD-aware UE can use the ROs in non-SBFD symbols, there is potential mismatching about SSB-RO association between the SBFD-aware UE and the legacy UE. 
Therefore, separate SSB-RO mapping between ROs in SBFD symbols and ROs in non-SBFD symbols should be used for avoiding the mismatching. 
Proposal 9: If one single RACH configuration is used for both of the SBFD-aware UE, and the legacy and the SBFD-aware UE can use the ROs in non-SBFD symbols, separate SSB-RO mapping between ROs in SBFD symbols and ROs in non-SBFD symbols should be used. 
For the ROs in non-SBFD symbols configured by additional RO resource configuration, if SBFD-aware UE can use these ROs, there will be no mismatching issue about SSB-RO association between the SBFD-aware UE and the legacy UE. So, joint SSB-RO mapping for ROs in SBFD symbols and ROs in non-SBFD symbol can be used for simplicity. 
Proposal 10: For the ROs in non-SBFD symbols configured by additional RO resource configuration, if SBFD-aware UE can use these ROs, joint SSB-RO mapping for ROs in SBFD symbols and ROs in non-SBFD symbols can be used. 
Supportive of PRACH repetition under SBFD RACH operation
During RAN1#116 meeting, the supportive of PRACH repetition under SBFD RACH operation was discussed with following agreement. 
	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.


As evaluation results shown in [6], SBFD RACH operation can improve PRACH coverage. That is mainly because more RO resources are available under SBFD RACH operation and PRACH repetition is better enabled with coherent combination detection. Therefore, at least PRACH repetition in SBFD symbols should be supported. 
Regarding PRACH repetition across SBFD symbols and non-SBFD symbols, it is related with whether the SBFD-aware UE can use the ROs in non-SBFD symbols or not. In our opinion, by allowing PRACH repetition across SBFD symbls and non-SBFD symbols, the detection performance gain can also be obtained even if only non-coherent combination detection can be used. 
Proposal 11: Regarding supportive of PRACH repetition under SBFD RACH operation, 
· PRACH repetition in SBFD symbols should be supported;
· PRACH repetition across SBFD symbls and non-SBFD symbols can also be supported if the SBFD-aware UE can use the ROs in non-SBFD symbols is allowed. 
PRACH power control
During RAN1#116 meeting, the following proposal about separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols was discussed [3]. 
	Initial proposal 1-3-1 (closed):
For PRACH transmission of SBFD aware UEs in RRC CONNECTED state, support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
· FFS details, e.g., preamble target receive power, power ramping step size, etc


For PRACH transmission in SBFD symbols, the reception performance will be impacted by gNB self-inference and gNB-to-gNB CLI. Similar with other uplink transmission, an additional power boosting can be used for improving the PRACH reception performance if the PRACH is transmitted in SBFD symbols. Therefore, a separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols should be supported. The separate PRACH power control parameters configuration can be an absolute value of a power control parameter, e.g., configured maximum output power, preamble target receive power, power ramping step size, etc. Alternatively, the separate PRACH power control parameters can be derived based on a relative value. For example, a power offset between powers of PRACH transmission in non-SBFD symbols and SBFD symbols can be defined.
Proposal 12: For PRACH transmission of SBFD aware UEs in RRC CONNECTED state, support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols. 
· The separate PRACH power control parameters configuration can be an absolute value of a power control parameter;
· The separate PRACH power control parameters can be derived based on a relative value, e.g., a power offset.
Consideration on subsequent transmission
About subsequent UL transmissions during RACH procedure, the spatial domain filter and power control parameters may be separately configured for SBFD symbols and non-SBFD symbols. Therefore, if a valid RO in SBFD symbols is selected for the PRACH transmission, it is better to limit the subsequent uplink transmissions during the RACH procedure (e.g., Msg3 PUSCH and PUCCH for Msg4, etc.) also in the SBFD symbols, through which the consistency of spatial filtering can be ensured and the power control mechanism simplified. 
Proposal 13: If a valid RO in SBFD symbols is selected for the PRACH transmission, it is better to limit the subsequent uplink transmissions during the RACH procedure also in the SBFD symbols. 
SBFD random access operation in RRC IDLE/INACTIVE mode
Motivation
Regarding supportive of SBFD random access operation in RRC IDLE/INACTIVE mode, the following conclusion on potential gains and impacts was made according to the discussion during RAN1#116 meeting. 
	[bookmark: _Toc144651793]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.



Regarding UE-to-UE CLI caused by potential PRACH transmission within the SBFD symbols, it is not a serious problem from our perspective. Firstly, compared to mitigating DL impacts, it is more important to enhance UL performance which is the main target of the whole WI. Also, there is no fundamental difference of the CLI caused by PRACH or other UL transmission has been investigated in SI, e.g., CG-PUSCH, which may or may not transmit similar as PRACH. In addition, it can be mitigated by using the UE-UE CLI handling schemes discussed in AI 9.3.3 or by some implementation means, such as, proper PRACH resource configuration by using center frequency resource within the UL subband or effective UE pairing by scheduling a DL transmission with a different beam from the SSB associated with the RO for the potential PRACH transmission. 
[bookmark: OLE_LINK1]Observation 9: The UE-to-UE CLI caused by PRACH transmission to DL reception can be mitigated by some implementation means. 
In addition, for random access in RRC IDLE/INACTIVE mode, only CBRA is supported. Most issues are similarly for both of CBRA in RRC IDLE/INACTIVE mode and CBRA in RRC CONNECTED mode, such as, configuration of PRACH resource within the UL subband, valid RO determination, UE capability report/request for SBFD random access operation, association between SSB and valid RO and resource restriction for subsequent uplink transmission. Therefore, most of mechanisms can be reused in SBFD random access RRC IDLE/INACTIVE mode after the standardization of SBFD random access in RRC CONNECTED mode is completed. Few additional standardization work can be expected. 
Observation 10: Most of mechanisms can be reused in SBFD random access RRC IDLE/INACTIVE mode after the standardization of SBFD random access in RRC CONNECTED mode is completed. Only few additional standardization work is expected. 
Proposal 14: RAN1 supports SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access.
[bookmark: OLE_LINK3]Potential enhancement
The remaining work is UL usable PRBs defined for SBFD random access operation in RRC_IDLE/INACTIVE mode which is strongly related to initial DL/UL BWP pair. 
For initial DL BWP, some cell common signals channels are transmitted, for example, SSB, SI message and paging, etc. It is recommended that UL subband configurations do not affect these transmissions. Therefore, how to obtain the UL usable PRBs for the SBFD RACH operation in RRC IDLE/INACTIVE mode without affecting the DL initial BWP should be discussed. 
Observation 11: Some cell common signals channels are transmitted within the initial DL BWP, for example, SSB, SI message and paging, etc. It is recommended that UL subband configurations do not affect these transmissions. 
[bookmark: _GoBack]As one example shown in Figure-6, an initial UL BWP with bandwidth larger than the initial DL BWP is configured. So that the overlapping part of the initial UL BWP and the UL subband are located out of the bandwidth of the initial DL BWP. The DL transmissions within the initial DL BWP will not be affected. Alternatively, if the UL subband overlaps with some frequency domain resources of the initial DL BWP, puncturing based solution can be supported to minimize the impact on the legacy UE. It is noted that, rate matching or other approaches that may change the mapping of DL transmission cannot be used as it would impact the DL reception of legacy UEs. 
[image: ]
Figure-6: UL usable PRBs defined for SBFD random access operation in RRC_IDLE/INACTIVE mode
[bookmark: OLE_LINK11]Proposal 15: In RRC_IDLE/INACTIVE mode, if the UL subband overlaps with some frequency domain resources of the initial DL BWP, puncturing based solution is supported for DL transmission to minimize the impact on the legacy UEs.
Conclusion
According to the discussion above, we have the following observations and proposals.
SBFD random access operation in RRC CONNECTED mode
General aspects
Proposal 1: Confirm the following working assumption. 
· For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Observation 1: For supporting SBFD random access operation in RRC CONNECTED mode, most potential enhancements for SBFD random access operation are similar for both CBRA and CFRA.
Observation 2: The benefits for supporting SBFD RACH operation in RRC CONNECTED mode are applicable to all CFRA procedures initiated by different events.
Proposal 2: RAN1 can focus on the potential enhancement to support SBFD random access operation triggered by PDCCH order.
· Other triggering events, which may have no RAN1 impacts, can be discussed in RAN2. 
Proposal 3: About SBFD random access operation in RRC CONNECTED mode, the discussion on 2-step RA type should be deprioritized. 
Resource configuration related issues
Proposal 4: The UL usable PRBs for RACH procedure can be determined as intersection between cell-specific UL subband and active UL BWP in DL symbols with subband configuration. 
· FFS: UL usable PRBs determination in flexible symbols with subband configuration.
Observation 3: A lower signaling overhead can be expected if shared RO resource configuration is used among SBFD-aware UE and legacy UE. 
Observation 4: The frequency range of the configured RO may exceed the bandwidth of the UL usable PRBs if shared RO resource configuration is used among SBFD-aware UE and legacy UE. 
Observation 5: Separate RO resource configuration for SBFD-aware UE and legacy UE is more flexible, e.g., different PRACH formats can be configured for different types of UE. 
Observation 6: RO resources in non-SBFD symbols obtained from the legacy RO resource configuration and the additional RO resource configuration may overlap with each other. 
Proposal 5: About configuration of RO resource in SBFD RACH operation, the existing framework of feature combination and additional RACH configuration can be reused. And both options can be supported. 
· Option 1: Use one single RACH configuration with possible enhancement
· New rules on valid RO determination should be defined as the frequency range of the configured RO may exceed the bandwidth of the UL usable PRBs.
· SBFD-aware UE can use the ROs in non-SBFD symbols, and PRACH resource partition (preamble level) mechanism can be reused for the early indication of the UE capability on SBFD RACH operation.
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration
· Different PRACH formats can be configured by the legacy RACH configuration and the additional RACH configuration.
· ROs in non-SBFD symbols configured by legacy RO resource configuration can be used by SBFD-aware UE, which will be considered as a legacy UE. 
· ROs in non-SBFD symbls are configured by additional RO resource configuration can be used by SBFD-aware UE. 
· FFS whether/how to solve RO resources obtained from the two configurations that overlap with each other
Observation 7: The flexibility on subframe configuration is sufficient for most PRACH formats, such as, long format 0, 3 and all short formats. 
Proposal 6: The existing random access configuration table can be reused without additional enhancement. 
Valid RO determination
Proposal 7: The following additional rules about valid RO determination in DL symbols with SBFD configuration can be considered,
· The frequency location of a configured RO should be contained within the UL usable PRBs; 
· The frequency domain gap between the configured RO and the UL usable PRBs boundary should be larger than or equal to a predefined threshold;
· The time resource of the configured RO should only be on SBFD symbols or on non-SBFD symbols.
Proposal 8: The rules about valid RO determination in flexible symbols with SBFD configuration can be further considered.
Association between SSB and valid RO
Observation 8: If one single RACH configuration is used for both of the SBFD-aware UE and the legacy, and the SBFD-aware UE can use the ROs in non-SBFD symbols, there is potential mismatching about SSB-RO association between the SBFD-aware UE and the legacy UE. 
Proposal 9: If one single RACH configuration is used for both of the SBFD-aware UE, and the legacy and the SBFD-aware UE can use the ROs in non-SBFD symbols, separate SSB-RO mapping between ROs in SBFD symbols and ROs in non-SBFD symbols should be used. 
Proposal 10: For the ROs in non-SBFD symbols configured by additional RO resource configuration, if SBFD-aware UE can use these ROs, joint SSB-RO mapping for ROs in SBFD symbols and ROs in non-SBFD symbols can be used. 
Other issues
Proposal 11: Regarding supportive of PRACH repetition under SBFD RACH operation, 
· PRACH repetition in SBFD symbols should be supported;
· PRACH repetition across SBFD symbls and non-SBFD symbols can also be supported if the SBFD-aware UE can use the ROs in non-SBFD symbols is allowed. 
Proposal 12: For PRACH transmission of SBFD aware UEs in RRC CONNECTED state, support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols. 
· The separate PRACH power control parameters configuration can be an absolute value of a power control parameter;
· The separate PRACH power control parameters can be derived based on a relative value, e.g., a power offset.
Proposal 13: If a valid RO in SBFD symbols is selected for the PRACH transmission, it is better to limit the subsequent uplink transmissions during the RACH procedure also in the SBFD symbols. 

SBFD random access operation in RRC IDLE/INACTIVE mode
Observation 9: The UE-to-UE CLI caused by PRACH transmission to DL reception can be mitigated by some implementation means. 
Observation 10: Most of mechanisms can be reused in SBFD random access RRC IDLE/INACTIVE mode after the standardization of SBFD random access in RRC CONNECTED mode is completed. Only few additional standardization work can be expected. 
Proposal 14: RAN1 supports SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access.
Observation 11: Some cell common signals channels are transmitted within the initial DL BWP, for example, SSB, SI message and paging, etc. It is recommended that UL subband configurations do not affect these transmissions. 
Proposal 15: In RRC_IDLE/INACTIVE mode, if the UL subband overlaps with some frequency domain resources of the initial DL BWP, puncturing based solution is supported for DL transmission to minimize the impact on the legacy UEs.
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