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1. Introduction
At RAN#102 meeting, WID on NR duplex operation enhancements was approved with the objective as follows [1]:
	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In this contribution, SBFD operation for random access is discussed.
2. Discussions
2.1 SBFD random access operation by UE in RRC idle/in-active mode
According to the WID objectives, whether or not to support random access in SBFD symbols for UEs in RRC idle/in-active mode needs to be further studied till RAN#104 meeting. 
For a 4-step random access procedure, UL channels include PRACH, Msg 3 PUSCH and HARQ-ACK PUCCH for Msg 4. For a 2-step random access procedure, UL channels involved include PRACH, Msg A PUSCH, and HARQ-ACK PUCCH for Msg B. 
We would like to first discuss on possible options of high level directions. We think following three options can be discussed.
· Option 1: Support all UL channels for random access in SBFD symbols for UEs in RRC idle/inactive mode
· Option 2: Support only part of UL channels for random access in SBFD symbols for UEs in RRC idle/inactive mode
· Option 3: Not support any UL channel for random access in SBFD symbols for UEs in RRC idle/inactive mode
In Option 1, to allow UL transmission of PRACH, Msg 3 PUSCH and HARQ-ACK PUCCH for Msg 4 in SBFD symbols, gNB needs to configure/schedule resources for those transmissions in SBFD symbols, i.e., separately from resources for legacy UEs. It also means that early indication of UE support for SBFD operation e.g., via PRACH preamble and/or resource is necessary for gNB to distinguish SBFD capable UEs. If the impact on supporting such mechanisms is acceptable and there is no significant issue on allowing UL transmission for UEs in RRC idle/inactive mode in SBFD symbols, Option 1 could be good direction to fully exploit the gain/benefit of SBFD operation.
On the other hand, if allowing UL transmission of some specific channel in SBFD symbols for UEs in RRC idle/inactive mode is concerned e.g., in terms of necessary impacts and/or potential issue caused by the transmission, Option 2 can be considered. For example, if allowing PRACH transmission in SBFD symbols for UEs in RRC idle/inactive mode is concerned e.g., considering potential inter-UE CLI and coverage performance difference between PRACH and Msg 3 PUSCH, supporting only Msg 3 PUSCH and HARQ-ACK PUCCH for Msg.4 in SBFD symbols for UEs in RRC idle/inactive can be considered. In this case, early indication of UE support for SBFD operation e.g., via PRACH preamble and/or resource is still necessary.
If there are concerns/issues on allowing UL transmission of multiple or all of PRACH, Msg 3 PUSCH and HARQ-ACK PUCCH for Msg 4 in SBFD symbols for UEs in RRC idle/inactive mode, Option 3 should be taken. In this case, the gain/benefit of SBFD operation cannot be obtained for random access for UEs in RRC idle/inactive mode, although UEs in RRC connected mode can exploit the gain/benefit of SBFD operation for random access and necessary configurations/mechanisms for PRACH/PUSCH/PUCCH transmissions in SBFD symbols for UEs in RRC connected mode will be anyway supported.
Based on above discussion, we believe all 3 options should be considered and possible gain/benefit/impact/concern on each option should be studied. Especially, considering the possible concern on allowing PRACH transmission in SBFD symbols for UEs in RRC idle/inactive mode, Option 2 could be one of potential approaches.

Proposal 1: Following three options should be considered and possible gain/benefit/impact/concern on each option should be studied.
· Option 1: Support all UL channels for random access in SBFD symbols for UEs in RRC idle/inactive mode
· Option 2: Support only part of UL channels for random access in SBFD symbols for UEs in RRC idle/inactive mode
· Option 3: Not support any UL channel for random access in SBFD symbols for UEs in RRC idle/inactive mode

In following subsections, each UL channel for random access is discussed.


2.1.1 PRACH transmission in SBFD symbols
In legacy, valid PRACH occasions (RO) are defined based on semi-static TDD configuration and SSB configuration. It can be observed that a valid RO in legacy may be in UL symbols or flexible symbols. 

	TS 38.213, v18.1.0, section 8.1
<************************************omitted***********************************>
For paired spectrum or supplementary uplink band all PRACH occasions are valid. 
[bookmark: _Hlk29801864]For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot 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, 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 the UE does not transmit [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
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1. 



According to the WID objectives, SBFD operation can be configured in DL or flexible symbols. Therefore, a flexible symbol may be SBFD flexible symbol or non-SBFD flexible symbol. Regarding whether to support PRACH transmission in SBFD symbols, three options may be considered for UEs in RRC idle/in-active mode:
· Option A: Support PRACH transmission in SBFD flexible symbols. NOT support PRACH transmission in SBFD DL symbols.
· Option B: NOT support PRACH transmission in any SBFD symbol (including SBFD DL and SBFD flexible symbols). 
· Option C: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols.

From perspective of available symbols for PRACH transmission, PRACH transmission may be in UL symbols and flexible symbols for option A. PRACH transmission can only be in UL symbols and non-SBFD flexible symbols for option B. PRACH transmission can be in UL symbols, flexible symbols and SBFD DL symbols for option C. Therefore, option C can provide more available resources for PRACH transmission.

From inter-UE CLI perspective, option A may cause inter-UE CLI in SBFD flexible symbols, and option C may cause inter-UE CLI in SBFD DL and SBFD flexible symbols. There is no inter-UE CLI for option B since there is no PRACH transmission in any SBFD symbol for option B.

More detailed analysis on potential schemes and specification impacts for each option are further discussed.

Option A can reuse legacy valid RO definition. One issue to be further considered is possible collision of valid RO with RB outside UL subband in SBFD flexible symbols. Two possible solutions can be considered.
· Option A-1: Collision of valid RO with RB outside UL subband in SBFD flexible symbols is avoided by gNB implementation.
· Option A-2: Collision handling for RO overlapping with RB outside UL subband in SBFD flexible symbols is defined. 
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Fig 1: Example of option A for PRACH by UE in RRC idle/in-active mode

For option A-1, gNB avoids configuring RO overlapping with RB outside UL subband in SBFD flexible symbols. Considering RO configuration in frequency domain is the same in all PRACH slots, gNB needs to configure ROs with frequency resources within UL subband. The available UL resource in frequency domain is too much restricted, especially considering the case when the UL subband is narrow.
For option A-2, it is not applicable to legacy UEs without capability of SBFD awareness. Considering cell-common PRACH configuration for UEs in RRC idle/in-active mode, a legacy UE may transmit PRACH in a valid RO overlapping with RB outside UL subband in SBFD flexible symbols. Therefore, option A-2 is not feasible.

For option B, the legacy definition of valid ROs may include ROs in flexible symbols, which don’t preclude SBFD flexible symbols. Two possible solutions for option B can be considered.
· Option B-1: Configuration of ROs in SBFD flexible symbol is avoided by gNB configuration.
· Option B-2: Collision handling for valid RO in SBFD flexible symbols is defined, or modified definition of valid ROs to exclude RO in SBFD flexible symbols.
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Fig 2: Example of option B for PRACH by UE in RRC idle/in-active mode

For option B-1, gNB avoids configuring ROs in SBFD flexible symbols. Valid ROs may be in UL symbols or non-SBFD flexible symbols. Option B-1 is feasible for SBFD-aware UEs and legacy UEs.
For Option B-2, it is not applicable to legacy UEs without capability of SBFD awareness. Considering cell-common PRACH configuration for UEs in RRC idle/in-active mode, a legacy UE may transmit PRACH in a valid RO in SBFD flexible symbol, and it is possible that the valid RO overlaps with RB outside UL subband. Therefore, option B-2 is not feasible.

For option C, since the legacy definition of valid ROs include ROs in UL or flexible symbols, the definition of valid ROs needs to be enhanced, e.g., to include ROs in SBFD DL symbols as valid ROs. Moreover, since cell-common PRACH configuration is used for legacy UEs and SBFD-aware UEs, different sets of valid ROs will be determined by legacy UEs and SBFD-aware UEs. When mapping ROs to SSB indexes, it is possible that one RO is mapped to different SSB index(es) for legacy UEs and SBFD-aware UEs. There may be QCL issue when gNB receiving preamble transmission on this RO. Therefore, a separate PRACH configuration for SBFD may be needed. For example, legacy definition of valid ROs is applied for the legacy PRACH configurations, and the enhanced definition of valid ROs is applied for the separate PRACH configuration for SBFD to obtain additional valid ROs in SBFD symbols. 
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Fig 3: Example of option C for PRACH by UE in RRC idle/in-active mode

To summarize, analysis for all options is provided in following table.

Table 1: Analysis on Option A/B/C for PRACH
	
	Available symbols for PRACH transmission
	Inter-UE CLI
	Possible scheme or spec impact
	Feasibility considering co-existence with legacy UEs

	Option A
	UL, SBFD/non-SBFD flexible 
	Possible inter-UE CLI by PRACH in SBFD flexible symbols
	A-1: (Transparent) gNB ensures ROs within UL subband
	feasible

	
	
	
	A-2: (Non-transparent) collision handling for valid RO in SBFD flexible symbols overlapping with RB outside UL subband
	NOT feasible to legacy UEs

	Option B
	UL, non-SBFD flexible
	NO inter-UE CLI
	B-1: (Transparent) gNB ensures no valid ROs in SBFD flexible symbols
	feasible

	
	
	
	B-2: (Non-transparent) collision handling for valid RO in SBFD flexible symbols, or enhanced rule to determine RO in SBFD flexible symbols as invalid
	NOT feasible to legacy UEs

	Option C
	UL, SBFD/non-SBFD flexible, SBFD DL
	Possible inter-UE CLI by PRACH in SBFD flexible symbols or SBFD DL symbols
	Enhanced valid RO determination rule to include valid RO in SBFD DL symbols
Separate RACH configuration for SBFD may be needed
	feasible if separate PRACH configuration for SBFD



Observation 1: 
· For PRACH transmission by UEs in RRC idle/in-active mode, following options can be considered.
· Option A: Support PRACH transmission in SBFD flexible symbols. NOT support PRACH transmission in SBFD DL symbols.
· Collision of valid RO with RB outside UL subband in SBFD flexible symbols is avoided by gNB implementation.
· Option B: NOT support PRACH transmission in any SBFD symbol (including SBFD DL and SBFD flexible symbols). 
· Configuration of ROs in SBFD flexible symbol is avoided by gNB configuration.
· Option C: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols.
· Option A and Option C may cause inter-UE CLI in SBFD symbols. 
· Option A may lead to restricted frequency resource for RO configuration.
· Option C requires enhanced valid RO definition. Option C may require a separate PRACH configuration for SBFD.

Based on above analysis, considering possible inter-UE CLI issue and co-existence with legacy UEs, option B may be preferred.


2.1.2 Msg A PUSCH transmission in SBFD symbols
Similar to PRACH transmission, Msg A PUSCH transmission is based on configured Msg A PUSCH occasions (PO). Valid Msg A POs are defined based on semi-static TDD pattern and SSB configuration. It can be observed that a valid PO in legacy may be in UL symbols or flexible symbols. 

	TS 38.213, v18.1.0, section 8.1A
<************************************omitted***********************************>
A PUSCH occasion is valid if it does not overlap in time and frequency with any valid PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts 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 the UE does not transmit [15, TS 37.213].
-	if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	is within UL symbols, or 
-	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, 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 the UE does not transmit [15, TS 37.213].



Since the situation for Msg A PUSCH transmission is similar to PRACH transmission, same solution as PRACH transmission can be applied for Msg A PUSCH transmissions. 

Proposal 2: For Msg A PUSCH transmission in SBFD flexible symbols or SBFD DL symbols by UE in RRC idle/inactive mode, same solution as PRACH transmission in SBFD symbols by UE in RRC idle/inactive mode can be applied.


2.1.3 Msg 3 PUSCH transmission in SBFD symbols
Time and frequency domain resources of Msg 3 PUSCH are indicated by RAR UL grant or DCI 0_0 with CRC scrambled by TC-RNTI scheduling the Msg 3 PUSCH. In legacy, a Msg 3 PUSCH may be scheduled in UL symbols or flexible symbols.

Similar to above discussions for PRACH transmission, regarding whether to support Msg 3 PUSCH transmission in SBFD symbol, three options may be considered for UEs in RRC idle/in-active mode:
· Option A: Support Msg 3 PUSCH in SBFD flexible symbols. NOT support Msg 3 PUSCH in SBFD DL symbols.
· Option B: NOT support Msg 3 PUSCH in any SBFD symbol (including SBFD DL and SBFD flexible symbol). 
· Option C: Support Msg 3 PUSCH in SBFD flexible symbols and SBFD DL symbols.

From available symbols for Msg PUSCH transmission perspective, Msg 3 PUSCH transmission may be in UL symbols and flexible symbols for option A. Msg 3 PUSCH transmission can only be in UL symbols and non-SBFD flexible symbols for option B. Msg 3 PUSCH transmission can be in UL symbols, flexible symbols and SBFD DL symbols for option C. Therefore, option C can provide more available resources for Msg 3 PUSCH transmission, which is beneficial for RACH latency reduction and Msg 3 PUSCH coverage improvement (e.g., more resources for repetitions).

From inter-UE CLI perspective, option A may cause inter-UE CLI in SBFD flexible symbols, and option C may cause inter-UE CLI in SBFD DL and SBFD flexible symbols. Considering Msg 3 PUSCH is scheduled by gNB, the situation of inter-UE CLI is similar to the case of PUSCH transmission in RRC_CONNECTED mode. Therefore, inter-UE CLI by option A and option C can be within gNB’s control. 

If a Msg 3 PUSCH is not indicated with repetition factor larger than 1, the time and frequency domain resource can simply follow the indication in RAR UL grant or DCI 0_0 with CRC scrambled by TC-RNTI. If option A or Option C is applied, scheduling RAR UL grant or DCI can ensure the Msg 3 PUSCH not overlapping with RB outside UL subband. If option B is applied, scheduling RAR UL grant or DCI can ensure the Msg 3 PUSCH not in SBFD flexible symbols. Therefore, no spec impact is needed for the case of Msg 3 PUSCH without repetitions for any option.

If a Msg 3 PUSCH is indicated with repetition factor larger than 1, determination of the Msg 3 PUSCH repetition slots may need further discussion. For option A, the legacy rule to determine Msg 3 PUSCH repetition slots can be reused. For option B, modified rule may be needed since a slot in which the Msg 3 PUSCH symbols include SBFD flexible symbol is not available now. For option C, modified rule may be needed since a slot in which the Msg 3 PUSCH symbols include SBFD DL symbol may be available now. The specification impact of option B and option C is similar on this aspect. 
In case of repetition across SBFD and non-SBFD symbols in different slots, the issue of different available frequency resources in SBFD symbols and non-SBFD symbols (as discussed in agenda item 9.3.1) also needs to be considered. The enhancement determined in that agenda item can be applicable for Msg 3 PUSCH transmission by UEs in RRC idle/in-active mode.

To summarize, analysis for all options is provided in following table.

Table 2: Analysis on Option A/B/C for Msg 3 PUSCH
	
	Available symbols for Msg 3 PUSCH
	Inter-UE CLI
	Possible spec impact

	Option A
	UL, SBFD/non-SBFD flexible 
	Possible inter-UE CLI in SBFD flexible symbols.
Within gNB control
	Enhancement for PUSCH repetitions across SBFD and non-SBFD symbols in different slots (discussed in agenda item 9.3.1) can be applicable. 

	Option B
	UL, non-SBFD flexible
	NO inter-UE CLI
	Spec impact on determination of Msg 3 PUSCH repetition slots is needed.

	Option C
	UL, SBFD/non-SBFD flexible, SBFD DL 
	Possible inter-UE CLI in SBFD flexible and SBFD DL symbols.
Within gNB control
	Spec impact on determination of Msg 3 PUSCH repetition slots is needed.
Enhancement for PUSCH repetitions across SBFD and non-SBFD symbols in different slots (discussed in agenda item 9.3.1) can be applicable. 



Observation 2: 
· For Msg 3 PUSCH transmission by UEs in RRC idle/in-active mode, following options can be considered.
· Option A: Support Msg 3 PUSCH in SBFD flexible symbols. NOT support Msg 3 PUSCH in SBFD DL symbols.
· Option B: NOT support Msg 3 PUSCH in any SBFD symbol (including SBFD DL and SBFD flexible symbol). 
· Option C: Support Msg 3 PUSCH in SBFD flexible symbols and SBFD DL symbols.
· The inter-UE CLI by option A and option C can be within gNB’s control.
· Option B and option C may need spec impact on determination of Msg 3 PUSCH repetition slots.
· Option C can provide the most UL resources for Msg 3 PUSCH transmission, which may be beneficial for RACH latency reduction and Msg 3 PUSCH coverage improvement.

Based on above analysis, considering inter-UE CLI is not a big issue, option C would be preferred because of the benefits of reduced RACH latency and improved Msg 3 PUSCH coverage. 


2.1.4 Msg 4 or Msg B HARQ-ACK PUCCH transmission in SBFD symbols
For Msg 4 or Msg B HARQ-ACK PUCCH transmission by UE in RRC idle/in-active mode, the PUCCH reporting slot is indicated by PDSCH-to-HARQ_feedback timing indicator field in DCI 1_0 with CRC scrambled by TC-RNTI scheduling Msg 4 PDSCH. The PUCCH resource is selected based on the PRI field in DCI 1_0 indicating one PUCCH resource from PUCCH resource set provided by pucch-ResourceCommon. Therefore, the time and frequency resource of Msg 4 HARQ-ACK PUCCH is within gNB’s control.

Similar to above discussions, regarding whether to support Msg 4 or Msg B HARQ-ACK PUCCH transmission in SBFD symbol, three options may be considered for UEs in RRC idle/in-active mode:
· Option A: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols. NOT support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD DL symbols.
· Option B: NOT support Msg 4 or Msg B HARQ-ACK PUCCH in any SBFD symbol (including SBFD DL and SBFD flexible symbol). 
· Option C: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols and SBFD DL symbols.

From inter-UE CLI perspective, option A may cause inter-UE CLI in SBFD flexible symbols, and option C may cause inter-UE CLI in SBFD DL and SBFD flexible symbols. Considering Msg 4 or Msg B HARQ-ACK PUCCH is scheduled by gNB, the situation of inter-UE CLI is similar to the case of PUCCH transmission in RRC_CONNECTED mode. Therefore, inter-UE CLI in option A and option C can be within gNB’s control. 

For case of Msg 4 or Msg B HARQ-ACK PUCCH without repetition, the situation is simple. If option A or Option C is applied, gNB can indicate a PRI value corresponding to a PUCCH resource not overlapping with RB outside UL subband if the PUCCH is in SBFD symbols. If option B is applied, gNB can ensure the PUCCH not in SBFD flexible symbols by PDSCH-to-HARQ_feedback timing indicator field and PRI field. Therefore, no specification impact is needed for the case of Msg 4 or Msg B HARQ-ACK PUCCH without repetition.

For the case of Msg 4 or Msg B HARQ-ACK PUCCH with repetitions, determination of the PUCCH repetition slots may need further discussion. For option A, the legacy rule to determine PUCCH repetition slots can be reused. For option B, modified rule may be needed since a slot in which the PUCCH symbols include SBFD flexible symbols is not available now. For option C, modified rule may be needed since a slot in which the PUCCH symbols include SBFD DL symbols may be available now. The specification impact of option B and option C is similar on this aspect. 
In case of repetitions across SBFD and non-SBFD symbols in different slots, the issue of different available frequency resources in SBFD symbols and non-SBFD symbols (as discussed in agenda item 9.3.1) also needs to be considered. The enhancement determined for PUCCH repetitions across SBFD and non-SBFD symbols in different slots considering different available frequency resources in SBFD symbols and non-SBFD symbols in agenda item 9.3.1 can be applicable for Msg 4 or Msg B HARQ-ACK PUCCH transmission by UEs in RRC idle/in-active mode.

To summarize, analysis for all options is provided in following table.

Table 3: Analysis on Option A/B/C for Msg 4 or Msg B HARQ-ACK PUCCH
	
	Available symbols for Msg 4/B HARQ-ACK PUCCH
	Inter-UE CLI
	Possible spec impact

	Option A
	UL, SBFD/non-SBFD flexible 
	Possible inter-UE CLI in SBFD flexible symbols.
Within gNB control
	Enhancement for PUCCH repetitions across SBFD and non-SBFD symbols in different slots (discussed in agenda item 9.3.1) can be applicable. 

	Option B
	UL, non-SBFD flexible
	NO inter-UE CLI
	Spec impact on determination of Msg 4 or Msg B HARQ-ACK PUCCH repetition slots is needed.

	Option C
	UL, SBFD/non-SBFD flexible, SBFD DL 
	Possible inter-UE CLI in SBFD flexible and SBFD DL symbols.
Within gNB control
	Spec impact on determination of Msg 4 or Msg B HARQ-ACK PUCCH repetition slots is needed.
Enhancement for PUCCH repetitions across SBFD and non-SBFD symbols in different slots (discussed in agenda item 9.3.1) can be applicable. 



Observation 3: 
· For Msg 4 or Msg B HARQ-ACK PUCCH transmission by UEs in RRC idle/in-active mode, following options can be considered.
· Option A: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols. NOT support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD DL symbols.
· Option B: NOT support Msg 4 or Msg B HARQ-ACK PUCCH in any SBFD symbol (including SBFD DL and SBFD flexible symbol). 
· Option C: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols and SBFD DL symbols.
· The inter-UE CLI in option A and option C can be within gNB’s control.
· Option B and option C may need spec impact on determination of Msg 4 or Msg B HARQ-ACK repetition slots.
· Option C can provide the most UL resources for Msg 4 or Msg B HARQ-ACK transmission, which may be beneficial for RACH latency reduction and coverage improvement.

Based on above analysis, considering inter-UE CLI is not a big issue, option C would be preferred because of the benefits of reduced RACH latency and improved Msg 4 or Msg B HARQ-ACK coverage. 


2.2 SBFD random access operation by UE in RRC connected mode
According to the WID objectives, SBFD operation for random access in SBFD symbols by UEs in RRC CONNECTED mode is supported and will be specified in Rel-19. 
Similar to discussion for random access operation by UEs in RRC idle/in-active mode, UL channels including PRACH, Msg A PUSCH, Msg 3 PUSCH, HARQ-ACK for Msg 4 or Msg B are discussed.

2.2.1 PRACH transmission in SBFD symbols
According to the WID objectives, PRACH transmission in SBFD symbols is supported for UE in RRC connected mode. Since valid ROs may be in UL symbols or flexible symbols in legacy, it may be further discussed whether any restriction on the “SBFD symbols” in the WID objectives is needed, e.g., whether both SBFD flexible and SBFD DL symbols are included. 
Following two options can be considered for PRACH transmission by UEs in RRC connected mode:
· Option 1: Support PRACH transmission in SBFD flexible symbols. NOT support PRACH transmission in SBFD DL symbols.
· Option 2: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols.

From available symbols for PRACH transmission perspective, PRACH transmission may be in UL symbols and flexible symbols for option 1. PRACH transmission can be in UL symbols, flexible symbols and SBFD DL symbols for option 2. Therefore, option 2 can provide more available resources for PRACH transmission.

From inter-UE CLI perspective, option 1 may cause inter-UE CLI in SBFD flexible symbols, and option 2 may cause inter-UE CLI in SBFD DL and SBFD flexible symbols. Therefore, the inter-UE CLI situations are similar for option 1 and option 2. For PRACH based on dedicated PRACH configurations, inter-UE CLI may be in gNB’s control, e.g., for PDCCH ordered RA.

From feasibility perspective, since dedicated PRACH configuration is not shared with legacy UEs, both option 1 and option 2 can be feasible for co-existence with legacy UEs.

Observation 4: 
· For PRACH transmission by UEs in RRC connected mode, following options can be considered.
· Option 1: Support PRACH transmission in SBFD flexible symbols. NOT support PRACH transmission in SBFD DL symbols.
· Option 2: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols.
· Both option 1 and option 2 may cause inter-UE CLI in SBFD symbols. The inter-UE CLI may be within gNB’s control for PRACH based on dedicated PRACH configuration.
· Option 2 can provide more UL resources for PRACH transmission, which may be beneficial for RACH latency reduction and PRACH coverage improvement.
· Both option 1 and option 2 can be feasible for co-existence with legacy UEs.

Based on above analysis, option 2 is preferred for UEs in RRC connected mode.

Proposal 3: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols by UEs in RRC connected mode.

If PRACH transmission in SBFD DL symbols is supported, considering the legacy definition of valid ROs include ROs in UL or flexible symbols, the definition of valid ROs needs to be enhanced, e.g. to include ROs in SBFD DL symbols as valid ROs. 
Though dedicated PRACH configuration is dedicated for UE, one RO may be configured to multiple UEs from gNB perspective. Therefore, separate PRACH configuration for SBFD may be needed, in order to avoid one RO from gNB perspective is mapped to different SSB index(es) by different UEs. 
Moreover, for a RO in SBFD symbols, possible collision with RB outside UL subband may need to be studied. One potential solution is to configure ROs within UL subband. It is feasible if separate PRACH configuration for SBFD is configured. Another alternative is to define RO overlapping with RB outside UL subband as invalid. Then, overlapping of valid RO with RB outside UL subband can be avoided. If the definition of valid RO doesn’t take UL subband into account, a possible solution can be to handle the collision of valid RO overlapping with RB outside UL subband by UE, e.g., UE doesn’t transmit PRACH transmission in the overlapped valid RO.

Proposal 4: To support PRACH transmission in SBFD flexible symbols and SBFD DL symbols by UEs in RRC connected mode, study following:
· Support enhanced definition of valid ROs
· FFS whether to support separate PRACH configuration for SBFD symbols
· FFS how to handle possible collision of RO overlapping with RB outside UL subband in SBFD symbols


2.2.2 Msg A PUSCH transmission in SBFD symbols
Since the situation for Msg A PUSCH transmission is similar to PRACH transmission, same solution as PRACH transmission can be applied for Msg A PUSCH transmissions. Therefore, it is preferred to support Msg A PUSCH transmission in SBFD DL and flexible symbols.

Proposal 5: Support Msg A PUSCH transmission in SBFD flexible symbols and SBFD DL symbols by UEs in RRC connected mode.
· Support enhanced definition of valid POs
· FFS whether to support separate Msg A configuration for SBFD symbols
· FFS how to handle possible collision of PO overlapping with RB outside UL subband in SBFD symbols


2.2.3 Msg 3 PUSCH transmission in SBFD symbols
As discussed in section 2.1.3, supporting Msg 3 PUSCH in SBFD flexible symbols and SBFD DL symbols would be preferable. 

Proposal 6: Support Msg 3 PUSCH in SBFD flexible symbols and SBFD DL symbols by UE in RRC connected mode.
· FFS impact on determination of Msg 3 PUSCH repetition slots.


2.2.4 Msg 4 or Msg B HARQ-ACK PUCCH transmission in SBFD symbols
As discussed in section 2.1.4, Supporting Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols and SBFD DL symbols would be preferable. 

Proposal 7: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols and SBFD DL symbols by UE in RRC connected mode.
· FFS impact on determination of Msg 4 or Msg B HARQ-ACK PUCCH repetition slots.


3. Conclusion
In this contribution, we discussed SBFD operation for random access. We have the following observations and proposals:
Observation 1: 
· For PRACH transmission by UEs in RRC idle/in-active mode, following options can be considered.
· Option A: Support PRACH transmission in SBFD flexible symbols. NOT support PRACH transmission in SBFD DL symbols.
· Collision of valid RO with RB outside UL subband in SBFD flexible symbols is avoided by gNB implementation.
· Option B: NOT support PRACH transmission in any SBFD symbol (including SBFD DL and SBFD flexible symbols). 
· Configuration of ROs in SBFD flexible symbol is avoided by gNB configuration.
· Option C: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols.
· Option A and Option C may cause inter-UE CLI in SBFD symbols. 
· Option A may lead to restricted frequency resource for RO configuration.
· Option C requires enhanced valid RO definition. Option C may require a separate PRACH configuration for SBFD.

Observation 2: 
· For Msg 3 PUSCH transmission by UEs in RRC idle/in-active mode, following options can be considered.
· Option A: Support Msg 3 PUSCH in SBFD flexible symbols. NOT support Msg 3 PUSCH in SBFD DL symbols.
· Option B: NOT support Msg 3 PUSCH in any SBFD symbol (including SBFD DL and SBFD flexible symbol). 
· Option C: Support Msg 3 PUSCH in SBFD flexible symbols and SBFD DL symbols.
· The inter-UE CLI by option A and option C can be within gNB’s control.
· Option B and option C may need spec impact on determination of Msg 3 PUSCH repetition slots.
· Option C can provide the most UL resources for Msg 3 PUSCH transmission, which may be beneficial for RACH latency reduction and Msg 3 PUSCH coverage improvement.

Observation 3: 
· For Msg 4 or Msg B HARQ-ACK PUCCH transmission by UEs in RRC idle/in-active mode, following options can be considered.
· Option A: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols. NOT support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD DL symbols.
· Option B: NOT support Msg 4 or Msg B HARQ-ACK PUCCH in any SBFD symbol (including SBFD DL and SBFD flexible symbol). 
· Option C: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols and SBFD DL symbols.
· The inter-UE CLI in option A and option C can be within gNB’s control.
· Option B and option C may need spec impact on determination of Msg 4 or Msg B HARQ-ACK repetition slots.
· Option C can provide the most UL resources for Msg 4 or Msg B HARQ-ACK transmission, which may be beneficial for RACH latency reduction and coverage improvement.

Observation 4: 
· For PRACH transmission by UEs in RRC connected mode, following options can be considered.
· Option 1: Support PRACH transmission in SBFD flexible symbols. NOT support PRACH transmission in SBFD DL symbols.
· Option 2: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols.
· Both option 1 and option 2 may cause inter-UE CLI in SBFD symbols. The inter-UE CLI may be within gNB’s control for PRACH based on dedicated PRACH configuration.
· Option 2 can provide more UL resources for PRACH transmission, which may be beneficial for RACH latency reduction and PRACH coverage improvement.
· Both option 1 and option 2 can be feasible for co-existence with legacy UEs.


Proposal 1: Following three options should be considered and possible gain/benefit/impact/concern on each option should be studied.
· Option 1: Support all UL channels for random access in SBFD symbols for UEs in RRC idle/inactive mode
· Option 2: Support only part of UL channels for random access in SBFD symbols for UEs in RRC idle/inactive mode
· Option 3: Not support any UL channel for random access in SBFD symbols for UEs in RRC idle/inactive mode

Proposal 2: For Msg A PUSCH transmission in SBFD flexible symbols or SBFD DL symbols by UE in RRC idle/inactive mode, same solution as PRACH transmission in SBFD symbols by UE in RRC idle/inactive mode can be applied.

Proposal 3: Support PRACH transmission in SBFD flexible symbols and SBFD DL symbols by UEs in RRC connected mode.

Proposal 4: To support PRACH transmission in SBFD flexible symbols and SBFD DL symbols by UEs in RRC connected mode, study following:
· Support enhanced definition of valid ROs
· FFS whether to support separate PRACH configuration for SBFD symbols
· FFS how to handle possible collision of RO overlapping with RB outside UL subband in SBFD symbols

Proposal 5: Support Msg A PUSCH transmission in SBFD flexible symbols and SBFD DL symbols by UEs in RRC connected mode.
· Support enhanced definition of valid POs
· FFS whether to support separate Msg A configuration for SBFD symbols
· FFS how to handle possible collision of PO overlapping with RB outside UL subband in SBFD symbols

Proposal 6: Support Msg 3 PUSCH in SBFD flexible symbols and SBFD DL symbols by UE in RRC connected mode.
· FFS impact on determination of Msg 3 PUSCH repetition slots.

Proposal 7: Support Msg 4 or Msg B HARQ-ACK PUCCH in SBFD flexible symbols and SBFD DL symbols by UE in RRC connected mode.
· FFS impact on determination of Msg 4 or Msg B HARQ-ACK PUCCH repetition slots.
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