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Introduction
In RAN#102, WI on evolution of NR duplex operation was approved [1]. 
	· 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



In this contribution, we discuss some technical issues related to random access in subband non-overlapping full duplex (SBFD).
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
Random access in RRC_CONNECTED
[bookmark: OLE_LINK166][bookmark: OLE_LINK167]RACH configuration
There was a working assumption of both Option 1 and Option 2 can be supported. So we provide further considerations for these two options.
	Working Assumption
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK149]For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
· [bookmark: OLE_LINK20][bookmark: OLE_LINK21]For Option 1 with Alt 1-1, FFS whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, RO validation rules and SSB-RO mapping rules, etc.
· [bookmark: OLE_LINK172]For Option 2, FFS the RO validation rules, SSB-RO mapping rules, whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, etc.
UE is not required to support both options.



Option 1
[bookmark: OLE_LINK24]Regarding whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, we suggest not support reinterpretation. 
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]Firstly, reinterpretation is necessary only under some cases, it is not common for all configuration, e.g. when the RO configured by legacy msg1-FrequencyStart is outside of UL subband. The intension of reinterpretation is to have new RO within UL usable PRBs, otherwise, there is no reason to do reinterpretation at all. 
· Second, Option 2 has same ability as reinterpretation. If the RO configured by legacy msg1-FrequencyStart is outside of UL subband, Option 2 can be used. Otherwise Option 1 and Option 2 can be used. It is not essential to support reinterpretation for Option 1. 
[bookmark: OLE_LINK150]Therefore, Option 1 is a pure one single RACH configuration and only based on the existing parameters of the single RACH configuration, without any interpretation. There are some restrictions for the application cases of Option 1, i.e. there is ROs within UL usable PRBs.  
Option 2
[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK153]Regarding whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, the parameters can be divided into three types, 
· [bookmark: OLE_LINK154][bookmark: OLE_LINK152]Type1: parameters should be included, such as rach-ConfigGeneric, since msg1-FrequencyStart is needed at least for Option 2, to have a different frequency resource of RO within UL usable PRBs. 
· [bookmark: OLE_LINK133][bookmark: OLE_LINK134]Type2: parameters cannot be included, and the same parameters in legacy RACH configuration always applied, separate configuration cannot configured. Such as rsrp-ThresholdSSB/rsrp-ThresholdSSB-SUL, msg1-SubcarrierSpacing, msg3-transformPrecoder.
· Type3: parameters may or may not be included. If included, they are applied, if not, the same parameters are reused. 

Proposal 1. [bookmark: OLE_LINK156]Option 1 (Alt 1-1) is one single RACH configuration and only based on the existing parameters of the single RACH configuration, without any interpretations.
Proposal 2. Parameters in additional RACH configuration in Option 2 have three types:
· Type1: parameters should be included, such as rach-ConfigGeneric 
· Type2: parameters cannot be included, and the same parameters in legacy RACH configuration always applied. E.g rsrp-ThresholdSSB/rsrp-ThresholdSSB-SUL, msg1-SubcarrierSpacing, msg3-transformPrecoder
· Type3: parameters may or may not be included. If included, they are applied, if not, the same parameters are reused.
RO validation rules
[bookmark: OLE_LINK64][bookmark: OLE_LINK61]To simplify discussion, for SBFD aware UE there are legacy (valid) ROs and additional (valid) RO.
[bookmark: OLE_LINK62]For Option 1 Alt 1-1 RACH configuration, the legacy valid RO means the valid RO in non-SBFD symbols and the valid ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. Additional valid RO refers to the valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
For Option 2, the legacy valid RO is valid RO configured by legacy RACH configuration. Additional valid RO is valid RO configured by additional RACH configuration.
Proposal 3. To simplify the discussion, legacy (valid) ROs and additional (valid) RO can be defined as:
· For Option 1 Alt 1-1 RACH configuration, the legacy valid RO means the valid RO in non-SBFD symbols and the valid ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. Additional valid RO refers to the valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
· For Option 2, the legacy valid RO is valid RO configured by legacy RACH configuration. Additional valid RO is valid RO configured by additional RACH configuration.

[bookmark: OLE_LINK177]Option 1 Alt 1-1
The following agreement of RO validation rules was agreed for Option 1.
	Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, 
· [bookmark: OLE_LINK51][bookmark: OLE_LINK157]no enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any). 
· FFS: the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· FFS: It’s up to network configuration to ensure the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, which are valid for non-SBFD aware UEs based on legacy RO validation rule, are also valid for SBFD aware UEs (i.e., the configured ROs in SBFD symbols, if configured as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs)
· [bookmark: OLE_LINK27][bookmark: OLE_LINK158][bookmark: OLE_LINK55]the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· [bookmark: OLE_LINK161][bookmark: OLE_LINK168]Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB
· FFS: Other condition.
Note: For the case that all the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, there is no restriction that all the configured ROs in SBFD symbols should be within the UL usable PRBs.



[bookmark: OLE_LINK174]Regarding non-SBFD symbols and the SBFD symbols configured as flexible, the two FFSs can be confirmed. Since they are explainations of the first bullet, which are how to make sure no enhancements for RO validation rules in these symbols. 
[bookmark: OLE_LINK176][bookmark: OLE_LINK11][bookmark: OLE_LINK98][bookmark: OLE_LINK86][bookmark: OLE_LINK85][bookmark: OLE_LINK175]Regarding SBFD symbols configured as downlink, besides time and frequency resource of the RO are fully within UL usable PRBs and not overlapped with SSB, it starts at least  symbols after a last downlink symbol which is not configured as SBFD or SSB symbols.


Figure 5: validation rules for RO

Proposal 4. For RACH configuration Option 1 Alt 1-1, the additional ROs are valid if their time and frequency resource of the RO are fully within UL usable PRBs and not overlapped with SSB in SBFD symbols configured as downlink, and start at least  symbols after a last downlink symbol which is not configured as SBFD or SSB symbols.
Option 2
The additional ROs in SBFD and non-SBFD symbols configured by additional RACH configuration are still open according to the following agreement and proposal. 
	Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, down-select (in RAN1#117) from the following alternatives:
· Alt 2-3: 
· [bookmark: OLE_LINK4][bookmark: OLE_LINK16]The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
· FFS: The case where the additional-ROs partially overlap with non-SBFD symbols 
· Alt 2-4: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs.
[bookmark: OLE_LINK12]For the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs.

Updated proposal 1-2-7a (Open):
[bookmark: OLE_LINK14]For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state,
· [bookmark: OLE_LINK13]for the additional-ROs in SBFD symbols configured by additional RACH configuration, they are valid if at least:
· time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB
· FFS: Other condition.



[bookmark: OLE_LINK58]According to Alt 2-3 and 2-4, the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs. RO within UL usable PRBs in non-SBFD symbols are invalid. Since the frequency resources can be used for other PUSCH/PUCCH/SRS. The specific RACH configurations already can provide enough ROs for SBFD aware UE through proper configurations.


[bookmark: OLE_LINK53]Figure 4：Option 2 Use two separate RACH configurations
[bookmark: OLE_LINK15]Moreover, for the additional-ROs configured by additional RACH configuration, they are valid if time and frequency resource of the RO are fully within UL usable PRBs in SBFD symbols, and not overlapped with SSB, and they start at least  symbols after a last downlink symbol which is not configured as SBFD or SSB symbols. The definition of gap is same as legacy. 
Proposal 5. [bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]For RACH configuration Option 2, the additional-ROs configured by additional RACH configuration are valid if time and frequency resource of the RO are fully within UL usable PRBs in SBFD symbols, and not overlapped with SSB, and they start at least  symbols after a last downlink symbol which is not configured as SBFD or SSB symbols
· Alt 2-3 is adopted. The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
RO across SBFD and non-SBFD symbols
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]In WID, it requires the 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. For valid RO in frequency domain and time domain, it can keep same requirement. So a valid transmission within a slot should have either all SBFD or non SBFD symbols according to WID description.
	· [bookmark: OLE_LINK8]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



[bookmark: OLE_LINK126]A RO in a PRACH slot is valid or not if the RO across SBFD and non-SBFD symbols need to be decided according to the following agreement.
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, further study the following two options:
· [bookmark: OLE_LINK118]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.



If a RO can across SBFD and non-SBFD, it faces some problems, including phase continuity and different transmission/reception parameters may be applied in SBFD and non-SBFD symbols. So only Option 1 can work.


[bookmark: OLE_LINK87]Figure 2: valid RO in time domain across SBFD and non-SBFD symbols
Proposal 6. [bookmark: OLE_LINK128][bookmark: OLE_LINK108]A valid RO can only be on SBFD symbols or on non-SBFD symbols. For the case of the RO across SBFD and non-SBFD symbols in a PRACH slot, this RO is invalid.
SSB-RO mapping rules
It was agreed separate SSB-RO mapping is used for legacy RO and additional ROs configured by Option 1 Alt 1-1. 
	Agreement
[bookmark: OLE_LINK37]For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration),
· [bookmark: OLE_LINK32]For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used



Although there was no explicitly agreement for Option 2 to do separate SSB-RO mapping for ROs configured by legacy RACH configuration and additional RACH configuration, it was agreed the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs with the legacy-ROs configured by legacy RACH configuration. So basically, it is clear that the additional ROs in configured by additional RACH configuration, separate SSB-RO mapping will be used.
Proposal 7. for RACH configuration Option 2, the additional ROs in configured by additional RACH configuration, separate SSB-RO mapping will be used with legacy ROs configured by legacy RACH configuration .
PRACH repetition
PRACH repetition can be supported, both for legacy ROs and additional ROs. Details of PRACH repetitions with RACH configuration Option 1 and 2 need more discussion.
[bookmark: OLE_LINK63]First of all, the legacy RO group determination can be reused as much as possible, including they are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Regarding Option 1 Alt 1-1 RACH configuraiton, all ROs in a RO group should be either legacy valid RO or additional valid RO, they cannot across legacy ROs and additional ROs. 
· [bookmark: OLE_LINK56][bookmark: OLE_LINK54]No change for the determination of legacy RO groups. The legacy RO group is multiple ROs used for a multiple PRACH transmission in non-SBFD symbols and SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. The RO group are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· In addition, multiple PRACH transmission can be in the additional ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon. Thus, there are additional RO groups. 
Regarding Option 2 RACH configuration, all ROs in a RO group also should be either legacy valid RO or additional valid RO, and cannot across legacy ROs and additional ROs. Similarly, the legacy RO group is consisted of legacy valid ROs, and additional RO group is consisted of additional valid ROs. 
To simplify discussion, for SBFD aware UE there are legacy RO groups and additional RO groups.
· For Option 1 Alt 1-1 RACH configuration, the legacy RO group consists of the valid RO in non-SBFD symbols and the valid ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. Additional RO group includes valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
· For Option 2, the legacy RO group consists of valid RO configured by legacy RACH configuration. Additional RO group contains valid RO configured by additional RACH configuration.

Proposal 8. For SBFD aware UEs in RRC CONNECTED state, PRACH repetition is supported,
· For both Option 1 Alt 1-1 and Option 2 RACH configurations, all ROs in a RO group should be either legacy valid RO or additional valid RO, and they cannot across legacy ROs and additional ROs.
· And the legacy RO group determination can be applied, including ROs in a RO group are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index
Proposal 9. To simplify discussion, for SBFD aware UE there are legacy RO groups and additional RO groups.
· For Option 1 Alt 1-1 RACH configuration, the legacy RO group consists of the legacy valid RO in non-SBFD symbols and SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. Additional RO group includes valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
· For Option 2, the legacy RO group consists of valid RO configured by legacy RACH configuration. Additional RO group contains valid RO configured by additional RACH configuration.

PRACH power control
In the previous meetings, it was proposed to have different PRACH power control parameters in SBFD symbols and non-SBFD symbols, in order to adapt the different gNB antenna architectures/interference situation or reduce the CLI impact caused by PRACH transmission. Option 2 RACH configuration can easily support separate PRACH power control through two RACH configurations, using separate P0, alpha and target power. However, Option 1 Alt 1-1 suffer some issues to support separate PRACH power control, including how to configure/determine the parameters of power control. So we suggest to support separate PRACH power control for Option 2. 
Proposal 10. For RACH configuration Option 2, 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.
Msg2/Msg3/Msg4 PDCCH enhancement (4-step RA)
The agreement below provides some guidance for MSG2 and MSG 3. We agree there is no MSG 4 for UE in RRC_CONNECTED mode. 
	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.



MSG 2 PDCCH monitoring 
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK95]A UE uses Type-1 CSS to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during RAR window. It was captured in [2], CORESET may or may not overlap the boundary of a DL subband. We suggest not to separately discuss this issue here, just following the conclusion in 9.3.1 is enough. 
Proposal 11. [bookmark: OLE_LINK99]For a CORESET associated with Type-1 CSS, whether or not it can overlap with the boundary of a DL subband in SBFD symbols follow the discussion in 9.3.1.
MSG 2 reception
[bookmark: OLE_LINK91]If CORESET associated with Type-1 CSS can be overlapped with boundary of DL subband, the MSG 2 PDSCH resource allocation also can be the discontinuous across DL subband, or it is out of DL subband, or partial PRG. Those issues were also discussed during the SI phrase, and will be specified in this release. On the other hand, if CORESET associated with Type-1 CSS cannot be overlapped with boundary of DL suband, there would be no issue for MSG 2 reception. MSG 2 reception depends on the location of CORESET associated with Type-1 CSS monitoring, we also prefer postpone the MSG 2 reception discussion, until there is a requirement to solve the above issues.   
[bookmark: OLE_LINK92]If CORESET associated with Type-1 CSS cannot be overlapped with boundary of DL subband, there would be no issue for MSG 2 reception.
Proposal 12. MSG 2 reception can be postponed the discussion until there is clear conclusion that CORESET associated with Type-1 CSS can overlap with boundary of DL subband.
MSG 3 transmission
According to the WID, it is clear that MSG 3 within a slot has either all SBFD or all non-SBFD symbols. With the K2 information of TDRA in RAR grant, MSG 3 can be either in SBFD or non-SBFD resources. MSG 3 resource allocation size is restricted with initial UL BWP or its number of PRBs as specified below if it is in non-SBFD symbols. When it is in SBFD symbols, it can only within UL subband, which is up to gNB scheduling. MSG 3 can be within the UL usable PRBs in SBFD symbols. 
	If useInterlacePUCCH-PUSCH is not provided by BWP-UplinkCommon and BWP-UplinkDedicated, for determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP



[bookmark: OLE_LINK96][bookmark: OLE_LINK97]Another issue is the frequency hopping of MSG 3. If it is in non-SBFD symbols, the frequency offset can still reuse the current spec. The number and the values of frequency offsets is based on the size of initial UL BWP size. On the other hand, if it is in SBFD symbols, the frequency offset should be further study, such as the number and the values of frequency offsets is based on the size of UL subband. We suggest not to separately discuss this issue here, just following the conclusion of frequency hopping discussion in 9.3.1.


Figure 7: Frequency hopping offsets in SBFD symbols
Proposal 13. For MSG 3 transmission, the frequency hopping in SBFD symbols follow the discussion in 9.3.1.
Random access in RRC_ IDLE/INACTIVE mode
General considerations
According to WID, random access in UL subband for UE in RRC_IDLE/INACTIVE will be studied at the beginning of Rel-19. Coverage of random access could be enhanced because more ROs are introduced by UL subband, but the benefit has not be proved by simulation results yet. Besides, the benefit on random access performance should not be assessed independently without the impact on other channels/signals. So, system-level(-like) simulations should be taken into account in the study phase to verify benefit of random access in UL subband for UE in RRC_IDLE/INACTIVE as well as impact to UL/DL transmission.
	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


SBFD random access operation in RRC_IDLE/INACTIVE mode has an impact on both DL and UL performance. For DL performance, the CLI caused by RRC_IDLE/INACTIVE UE to DL UE will be more severe considering gNB has no information about the location of RRC_IDLE UE shown in Figure 8. In other words, the number of extra UEs, PRACH preamble format in the simulation has a great impact on the simulation results and should be carefully studied. An important difference between random access in RRC_CONNECTED and RRC_IDLE/INACTIVE is that UE is UL asynchronous in RRC_IDLE /INACTIVE. It increases the difficulty to measure CLI accurately and make CLI uncontrollable. Furthermore, the power ramp up for Msg1 retransmission will make the CLI even worse. Those impacts of CLI will degrade the DL performance. 
For the impact to UL transmission, first, new introduced ROs in UL subband will cause UL resource fragment. Second, UL resources in UL subband used for other UL transmission will be reduced because of the introducing of resource for periodic ROs. The UL performance gain proved in Rel-18 for SBFD operation may disappear.
[image: ]
[bookmark: _Ref157603390]Figure 8: Impact of RACH in UL subband to other channels/signals
UE-to-UE CLI models in RRC_CONNECTED based on large/small scale fading were discussed since RAN1#112. UE-UE CLI models used in Rel-18 should be checked whether it is still valid for UL asynchronous signal from RRC_IDLE/INACTIVE UE. UEs are randomly dropped in the system-level simulation that makes the number of UEs in RRC_CONNECTED/INACTVIE model play an important role for CLI. For simplicity, UE-to-UE CLI model will be used in the evaluation. 
Simulation assumption 
The simulation platform is updated based on the SBFD platform in Rel-18. SBFD configuration {XXXXU} is selected with {DUD} pattern and < ND, NU, NG > = <104, 55, 5>. Three different duration of ROs is adopted to see the impact to DL performance depicted as Figure 9. One RO in frequency domain occupies 12RBs which is put at the edage of UL subband and one or two ROs are used in this simulation. ROs are also put in the middle of UL subband for comparison. PRACH traffic is set to 40 times per second per UE. PRACH retransmission and power ramping are not modelled in this simulation which will caused more impact to DL performance.
[image: ]
[bookmark: _Ref163200796]Figure 9: RO configurations for simulation (at the edage of UL subband)
In order to reuse the gNB and UE channel of Rel-18 which were already verified, UEs for PRACH transmission are randomly selected in the UL UEs shown as red points in Figure 10. For simplicity, UE-to-UE CLI model is reused. Simulation parameters are the same as that in SBFD#1_UMA_FR1_Sub#2 in TR38.858.
[image: ]
[bookmark: _Ref163200870]Figure 10: PRACH UEs selection from UL UEs in Urban Macro
Simulation results
The results of DL average-UPT loss with ROs at the UL subband edge are shown in Figure 11 for different RO configurations and the results without RO in subband is taken as baseline. It is obvious that the more RBs in frequency and the longer duration used for ROs, the DL degradation is seen because of more CLI is introduced. The CLI impact for low RU is less than that in high RU due to less UL resources are used. And the loss become unneglectable especially with more ROs in high load.
[image: ]
[bookmark: _Ref163201051]Figure 11: DL-Average-UPT loss with RO at the edge of UL subband
Observation 1: In Urban Macro scenario for FR1, the mean DL Average-UPT loss caused by PRACH CLI can be more than 10% when ROs are put at the edge of UL subband.
The results of DL average-UPT loss when ROs are put in the middle of UL subband are shown in Figure 12 for different RO configurations and the results without RO in subband is taken as baseline. When ROs are in the middle of UL subband, less degradation is caused because of the increasing distance between RO and DL used resources. Proved by the simulation results, less DL performance degradation is found compared with ROs in the middle of UL subband. Considering put ROs in the middle of UL subband is an effective way to suppress UE-to-UE CLI in RRC_IDLE/INACTIVE mode regardless of whether UE information is known or not.
[image: ]
[bookmark: _Ref163200947]Figure 12: DL-Average-UPT loss with RO in the middle of UL subband
Observation 2: In Urban Macro scenario for FR1, the mean DL Average-UPT loss decreases when ROs are in the middle of UL subband.
Proposal 14. Put ROs in the middle of UL subband is an effective way to suppress UE-to-UE CLI if random access in RRC_IDLE/INACTIVE mode is supported.
Conclusion
[bookmark: OLE_LINK151][bookmark: OLE_LINK155]In this contribution, we made the following observations and proposal.
Proposal 1. Option 1 (Alt 1-1) is one single RACH configuration and only based on the existing parameters of the single RACH configuration, without any interpretations.
Proposal 2. Parameters in additional RACH configuration in Option 2 have three types:
· Type1: parameters should be included, such as rach-ConfigGeneric 
· Type2: parameters cannot be included, and the same parameters in legacy RACH configuration always applied. E.g rsrp-ThresholdSSB/rsrp-ThresholdSSB-SUL, msg1-SubcarrierSpacing, msg3-transformPrecoder
· Type3: parameters may or may not be included. If included, they are applied, if not, the same parameters are reused.
Proposal 3. To simplify the discussion, legacy (valid) ROs and additional (valid) RO can be defined as:
· For Option 1 Alt 1-1 RACH configuration, the legacy valid RO means the valid RO in non-SBFD symbols and the valid ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. Additional valid RO refers to the valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
· For Option 2, the legacy valid RO is valid RO configured by legacy RACH configuration. Additional valid RO is valid RO configured by additional RACH configuration.
Proposal 4. For RACH configuration Option 1 Alt 1-1, the additional ROs are valid if their time and frequency resource of the RO are fully within UL usable PRBs and not overlapped with SSB in SBFD symbols configured as downlink, and start at least  symbols after a last downlink symbol which is not configured as SBFD or SSB symbols.
Proposal 5. For RACH configuration Option 2, the additional-ROs configured by additional RACH configuration are valid if time and frequency resource of the RO are fully within UL usable PRBs in SBFD symbols, and not overlapped with SSB, and they start at least  symbols after a last downlink symbol which is not configured as SBFD or SSB symbols
· [bookmark: OLE_LINK159]Alt 2-3 is adopted. The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
Proposal 6. A valid RO can only be on SBFD symbols or on non-SBFD symbols. For the case of the RO across SBFD and non-SBFD symbols in a PRACH slot, this RO is invalid.
Proposal 7. for RACH configuration Option 2, the additional ROs in configured by additional RACH configuration, separate SSB-RO mapping will be used with legacy ROs configured by legacy RACH configuration .
Proposal 8. For SBFD aware UEs in RRC CONNECTED state, PRACH repetition is supported,
· For both Option 1 Alt 1-1 and Option 2 RACH configurations, all ROs in a RO group should be either legacy valid RO or additional valid RO, and they cannot across legacy ROs and additional ROs.
· And the legacy RO group determination can be applied, including ROs in a RO group are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index
Proposal 9. To simplify discussion, for SBFD aware UE there are legacy RO groups and additional RO groups.
· For Option 1 Alt 1-1 RACH configuration, the legacy RO group consists of the legacy valid RO in non-SBFD symbols and SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon. Additional RO group includes valid ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon.
· For Option 2, the legacy RO group consists of valid RO configured by legacy RACH configuration. Additional RO group contains valid RO configured by additional RACH configuration.
Proposal 10. For RACH configuration Option 2, 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.
Proposal 11. For a CORESET associated with Type-1 CSS, whether or not it can overlap with the boundary of a DL subband in SBFD symbols follow the discussion in 9.3.1.
Proposal 12. MSG 2 reception can be postponed the discussion until there is clear conclusion that CORESET associated with Type-1 CSS can overlap with boundary of DL subband.
Proposal 13. For MSG 3 transmission, the frequency hopping in SBFD symbols follow the discussion in 9.3.1.
Proposal 14. Put ROs in the middle of UL subband is an effective way to suppress UE-to-UE CLI if random access in RRC_IDLE/INACTIVE mode is supported.

Observation 1: In Urban Macro scenario for FR1, the mean DL Average-UPT loss caused by PRACH CLI can be more than 10% when ROs are put at the edge of UL subband.
Observation 2: In Urban Macro scenario for FR1, the mean DL Average-UPT loss decreases when ROs are in the middle of UL subband.
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