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1. Introduction
[bookmark: OLE_LINK45]In RAN#102, NR duplex evolution WID for Rel-19 was approved [1]. Based on the WID, SBFD random access operation for RRC CONNECTED state and RRC IDLE/INACTIVE state was discussed in RAN1#116 meeting, and the following progress was made:
	Working assumption:
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Conclusion
No new PRACH format is introduced in Rel-19 duplex WI.
Agreement
For random access operation for SBFD-aware UEs in RRC CONNECTED state, at least consider the following options:
· Option 1: Use one single RACH configuration with possible enhancement
· The ROs within UL subband in SBFD symbols can be valid for SBFD-aware UE
· FFS: Further details
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration
· The ROs within UL subband in SBFD symbols configured by the additional RACH configuration can be valid for SBFD-aware UE
· FFS: Further details
Agreement
For SBFD aware UEs in RRC CONNECTED state, support Type-1 random access procedure (4-step RACH) in SBFD symbols.
· FFS Type-2 random access procedure (2-step RACH)
Conclusion
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following:
· The benefits include at least one or more of the following:
· reduced random access latency
· reduced PRACH collision probability or allowing more contiguous frequency resources for PUSCH in UL slots
· improved coverage of PRACH with sparse UL resources
· increased cell range of PRACH with sparse UL resources
· PRACH transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI (similar to the case of RRC connected mode UEs) for some deployment scenarios. Initial studies based on two companies’ evaluation results, the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenario and Urban Macro scenario.
For future meetings
Companies to consider 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.
Agreement
For SBFD aware UEs in RRC CONNECTED state, at least PRACH without repetition is supported in SBFD symbols.
· FFS PRACH repetition in SBFD symbols.
· FFS PRACH repetition across SBFD symbols and non-SBFDs symbols.
Agreement
For SBFD-aware UEs in RRC CONNECTED state, further study the following two options:
· Option 1: a valid RO can only be on SBFD symbols or on non-SBFD symbols
· a configured RO across SBFD and non-SBFD symbols in the same slot or across slots is invalid
· Option 2: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots
RAN1 to leverage the study in Rel-18 as baseline.
Agreement
For SBFD-aware UEs in RRC CONNECTED state, at least further study whether/how to enable Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols taking into account the following aspects:
· Msg2[/Msg4 PDSCH] reception in DL subband(s)
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] frequency resource allocation and frequency hopping
· Msg3 repetition
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] power control
· FFS whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.


In this contribution, we describe our views related to the above issues for random access in subband non-overlapping full duplex (SBFD) operation.
2. Random access in RRC CONNECTED mode
2.1 General aspects
During the previous meeting, it was decided to provide supporting for type-1 random access for SBFD-aware UEs in the RRC CONNECTED state, while additional study is conducted for type-2 random access. 
Our belief is that adopting support for 2-step RACH in SBFD symbols can lead to equivalent benefits like 4-step RACH, such as decreased collision probability and random access latency, and/or enhanced coverage of RACH and Msg3, all without causing a significant impact on the specification. 
The 2-step RACH procedure can be used in cells of all sizes, including LA, MA, and WA. The demodulation performance depends on the timing offset, as noted in [2]. Without controlling the TA to UE, the gNB (LA) can operate the 2-Step RACH and activate the SBFD operation due to minimal timing misalignment, resulting in less severe self-interference in the LA environment.  However, it should be noted that timing misalignment can lead to increased interference. According to [3][4], time misalignment only causes a small performance degradation(~1dB) under the assumption of using DL subband filters in the gNB Rx chains to suppress impairments in the gNB transmit chains.
In SBFD implementation circumstances, gNB can utilize the filtering chain or commanding of gNB can control the timing offset to suppress the self-interference. Regarding implementation flexibility, gNB can enable both the 2-step RACH and the SBFD simultaneously. Therefore, under the timing offset alignment scenario providing the implementation flexibility, 2-step RACH in SBFD symbols can be activated.
Similarly, SBFD-aware UEs in the RRC CONNECTED state can achieve the mentioned gains by supporting CBRA and CFRA in the SBFD symbol.
Proposal 1. [bookmark: OLE_LINK37]For SBFD-aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
2.2 PRACH resource configuration
According to the agreement, SBFD-aware UEs in the RRC CONNECTED state have two options for RACH resource configuration. Option 1 is maintaining a PRACH configuration and enhancing the current specification to support SBFD operation. As the current rule, the ROs allocation for legacy UEs align with the legacy UL slot specified within the assigned period and frequency range. TS 38.331 outlines that “msg1-FrequencyStart” represents the lowest indexed RB in the active BWP of the first RO in the frequency domain. This means ROs allocation for SBFD-aware UEs in the frequency domain should be within the UL subband.  In the same way, maintaining ROs allocation in the UL slot is crucial for the frequency domain.
It is important to maintain RRC messages related to RO configuration to prevent system complexity issues. However, when ROs are closer together and the frequency spacing decreases, legacy UEs may experience interference during the random access process due to the power ramping of SBFD-aware UEs. Additionally, sharing a PRACH configuration can lead to conflicts, such as when a PRACH configuration index is used for ROs in subframe 1, while the TDD-UL-DL-Configuration indicates DDDDU. In this scenario, legacy UEs cannot have valid ROs, but SBFD UEs can if configured within the UL subband. To maintain random access performance for legacy UEs, limiting the PRACH resource configuration index in collision cases is necessary, even if the RACH resource configuration is valid for SBFD-aware UEs.
Table 1: Random access configurations for FR1 and unpaired spectrum in TS 38.211, Table 6.3.3.2-3. 
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[bookmark: _Ref159172892] Figure 1: Example of PRACH resource configuration where only invalid ROs are configured for legacy UE.
On the other hand, Option 2 uses two separate PRACH configurations: a legacy PRACH configuration and an additional PRACH configuration for SBFD operation. This can reduce the interference caused by power ramping in random access procedure by configuring each ROs far away in the frequency domain. However, as the PRACH configuration for SBFD operation has to be provided to SBFD-aware UEs in SIB1, there is additional signalling overhead compared to the current specification. 
For Option 2, It is necessary to investigate how to indicate which ROs are valid or invalid configured in another symbol (SBFD or non-SBFD). Within the range of Option 2, it can be subdivided into three sub-options, which are seen in Figure 2. ROs within the SBFD symbols period can be allocated, but they are indicated to legacy UEs as the DL symbols or flexible symbols through TDD-UL-DL-Configuration command, signaling them invalid for legacy UEs. For SBFD-aware UEs, if configured ROs are in the UL subband, they can be considered valid ROs in the UL subband. Likewise, legacy UEs have the same valid ROs in non-SBFD symbols. SBFD-aware UEs need to receive an indication of RO validation, as only those configured within SBFD symbols are valid.  ROs configured on non-SBFD symbols within legacy UL should not be valid. In the current rules, the configuring ROs are via SIB, and the denoting as UL slot or DL slot is by TDD-UL-DL-Configuration. This means that SBFD-aware UE can have ROs in both non-SBFD and SBFD symbols. RO validation is currently decided on the slot format and whether the ROs do not precede an SS/PBCH block and start Ngap symbols after a last downlink symbol and SS/PBCH block transmission symbol. If SBFD-aware UEs in legacy UL slot meet the above RO validation conditions, SBFD-aware UE can have ROs in both non-SBFD and SBFD symbols.
Observation 1. For SBFD-aware UEs, they can have ROs in both non-SBFD symbols and SBFD symbols in the current rules.
In Option 2-2-1, the additional RO configuration can be allocated in the legacy UL slot. However, if this additional RO configuration is utilized for RACH repetition and deemed valid, there could be complications with the detection threshold variation between SBFD symbols and non-SBFD symbols. These issues may arise due to changes or adjustments in the RF chain path, antenna panel configuration, differences in transmit power, use of different RF filters, and phase continuity. 
There are two advantages to consider here. Firstly, Option 2-2-1 utilizes both legacy RACH PRACH configuration and an additional PRACH configuration for SBFD-aware UEs. Thus, SBFD-aware UEs can use ROs configured by additional PRACH configuration in the SBFD symbols and non-SBFD symbols while also utilizing ROs configured by legacy PRACH configuration in non-SBFD symbols. This leads to increased random access opportunities for SBFD UEs, with less complex PRACH configuration rules as the frequency location of ROs for SBFD-aware UEs is fixed. 
Secondly, Option 2-2-2 is similar to Option 2-2-1, albeit with an additional PRACH configuration in the legacy UL slot. The ROs’ frequency location, configured through the additional PRACH configuration, may be modified to circumvent interference in the legacy UL slot. However, given the inconsistency in frequency location, this poses obstacles in establishing the PRACH configuration and repeating across both SBFD and non-SBFD symbols. 
[image: ]
Figure 2: Conceptual RO allocating configuration.

Proposal 2. For SBFD-aware UEs in RRC CONNECTED state, support option 2 using two separate PRACH configurations.

2.3 RO Validation
As an agreement on the RO validation process, there are two options available. Option1 allows for a valid RO to be present only on SBFD or non-SBFD symbols. On the other hand, Option 2 permits a valid RO to allocate on both SBFD and non-SBFD symbols either in the same slot or across slots. In our view, while  Option 2 has the advantage of providing more opportunities to use long preambles, it necessitates switching between SBFD and non-SBFD symbols due to changes in antenna/panel switching and RF path. Additionally, using RO across SBFD and non-SBFD symbols becomes more complex if separate power control is applied to each. Option 2 could be explored further in relation to PRACH Power control issues. 
[image: ]
Proposal 3. For SBFD-aware UEs in RRC CONNECTED state, support option 1 a valid RO can only be on SBFD symbols or non-SBFD symbols.

2.4 PRACH repetition
Performing PRACH repetition across SBFD and non-SBFD symbols requires additional discussion due to the effects of the transition between SBFD and non-SBFD symbols such as the detection threshold, phase continuity, different transmit/receive parameters in SBFD and non-SBFD symbols. 
	[bookmark: _Toc123306984][bookmark: _Toc123308129][bookmark: _Toc124187185][bookmark: _Toc130824990][bookmark: _Toc137388850][bookmark: _Toc137454396][bookmark: _Toc138894723][bookmark: _Toc145034882][bookmark: _Toc153185431][bookmark: _Toc20997872][bookmark: _Toc29478551][bookmark: _Toc35933149][bookmark: _Toc35935437][bookmark: _Toc37163021][bookmark: _Toc37173349][bookmark: _Toc37173601][bookmark: _Toc44754157][bookmark: _Toc45825585][bookmark: _Toc45825837][bookmark: _Toc45826089][bookmark: _Toc45826341][bookmark: _Toc52466507][bookmark: _Toc66869492][bookmark: _Toc66872310][bookmark: _Toc75173467][bookmark: _Toc76497283][bookmark: _Toc82894084][bookmark: _Toc89684615][bookmark: _Toc98574756]- TS 36.104, Base Station (BS) radio transmission and reception, v18.4.0, 2024.01.09 -
8.4.1           PRACH False alarm probability
The false alarm requirement is valid for any number of receive antennas, for all frame structures and for any channel bandwidth.
The false alarm probability is the conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
[bookmark: _Toc123306985][bookmark: _Toc123308130][bookmark: _Toc124187186][bookmark: _Toc130824991][bookmark: _Toc137388851][bookmark: _Toc137454397][bookmark: _Toc138894724][bookmark: _Toc145034883][bookmark: _Toc153185432][bookmark: _Toc20997873][bookmark: _Toc29478552][bookmark: _Toc35933150][bookmark: _Toc35935438][bookmark: _Toc37163022][bookmark: _Toc37173350][bookmark: _Toc37173602][bookmark: _Toc44754158][bookmark: _Toc45825586][bookmark: _Toc45825838][bookmark: _Toc45826090][bookmark: _Toc45826342][bookmark: _Toc52466508][bookmark: _Toc66869493][bookmark: _Toc66872311][bookmark: _Toc75173468][bookmark: _Toc76497284][bookmark: _Toc82894085][bookmark: _Toc89684616][bookmark: _Toc98574757]8.4.1.1           Minimum requirement
The false alarm probability shall be less than or equal to 0.1%.
[bookmark: _Toc123306986][bookmark: _Toc123308131][bookmark: _Toc124187187][bookmark: _Toc130824992][bookmark: _Toc137388852][bookmark: _Toc137454398][bookmark: _Toc138894725][bookmark: _Toc145034884][bookmark: _Toc153185433][bookmark: _Toc20997874][bookmark: _Toc29478553][bookmark: _Toc35933151][bookmark: _Toc35935439][bookmark: _Toc37163023][bookmark: _Toc37173351][bookmark: _Toc37173603][bookmark: _Toc44754159][bookmark: _Toc45825587][bookmark: _Toc45825839][bookmark: _Toc45826091][bookmark: _Toc45826343][bookmark: _Toc52466509][bookmark: _Toc66869494][bookmark: _Toc66872312][bookmark: _Toc75173469][bookmark: _Toc76497285][bookmark: _Toc82894086][bookmark: _Toc89684617][bookmark: _Toc98574758]8.4.2           PRACH detection requirements
The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For ETU70 and EPA1, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile.
The test preambles for normal mode are listed in table A.6-1 and the test preambles for high speed mode restriced set type A are listed in A.6-2. 
The test preambles for coverage enhancement are listed in table A.6-3.
The test preambles for high speed mode restriced set type B are listed in A.6-4.
[bookmark: _Toc123306987][bookmark: _Toc123308132][bookmark: _Toc124187188][bookmark: _Toc130824993][bookmark: _Toc137388853][bookmark: _Toc137454399][bookmark: _Toc138894726][bookmark: _Toc145034885][bookmark: _Toc153185434][bookmark: _Toc20997875][bookmark: _Toc29478554][bookmark: _Toc35933152][bookmark: _Toc35935440][bookmark: _Toc37163024][bookmark: _Toc37173352][bookmark: _Toc37173604][bookmark: _Toc44754160][bookmark: _Toc45825588][bookmark: _Toc45825840][bookmark: _Toc45826092][bookmark: _Toc45826344][bookmark: _Toc52466510][bookmark: _Toc66869495][bookmark: _Toc66872313][bookmark: _Toc75173470][bookmark: _Toc76497286][bookmark: _Toc82894087][bookmark: _Toc89684618][bookmark: _Toc98574759]8.4.2.1           Minimum requirements
The probability of detection shall be equal to or exceed 99% for the SNR levels listed in Tables 8.4.2.1-1 to 8.4.2.1-5.
The requirements for Burst format 4 are optional and only valid for base stations supporting TDD. The requirements for high speed mode restricted set type A (table 8.4.2.1-2) and high speed mode restricted set type B (table 8.4.2.1-5) are only valid for the base stations supporting high speed mode restricted set A and restricted set type B respectively.
The requirements for coverage enhancement (Tables 8.4.2.1-3 and 8.4.2.1-4) are only valid for the base stations supporting coverage enhancement.



Additionally, it's worth noting that under option 2 of the PRACH resource configuration, there may be an impact on PRACH repetition performance due to the transmission of different RO locations in the frequency domain between SBFD and non-SBFD symbols. The PRACH minimum requirement mandates a detection probability of 99% or higher and a false alarm probability of no more than 0.1% for given SNR levels [5].  However, the impact on PRACH repetition performance on the SBFD symbol is expected to be minimal at least, and also it is expected that UL coverage could be improved assuming  1 dB desense for self-interference suppression and different co-site inter-sector isolation [3]. 
Observation 2. For SBFD-aware UEs in the RRC CONNECTED state, PRACH resource configuration may affect PRACH repetition performance across SBFD and non-SBFD symbols.
Proposal 4. [bookmark: _GoBack]For SBFD-aware UEs in the RRC CONNECTED state, support PRACH repetition at least in SBFD symbols.
Proposal 5. For SBFD-aware UEs in the RRC CONNECTED state, the PRACH detection requirements shall follow the existing minimum requirements. 

2.5 PRACH power control
The antenna or panel configuration of the gNB has a switching time/delay that affects the differences between SBFD and non-SBFD symbols. For example, the EIRP of the signals received/transmitted by the UE may also differ. There may also be a chance of random access from SBFD-aware UEs close to legacy UEs, which can result in UE-to-UE CLI. However, adjustment of power control parameters such as the maximum configured transmit power, power ramping step size, power ramping counter, and preamble target power can mitigate the inter-UE CLI. For instance, it can be a differentiated PREAMBLE_RECEIVED_TARGET_POWER for SBFD and non-SBFD symbols. If the gNB is experienced in a severe CLI environment and SBFD-aware UEs served by the gNB trying to perform random access in the UL subband, the gNB can set a lower PREAMBLE_RECEIVED_TARGET_POWER value for SBFD symbols to mitigate the UE-to-UE CLI with or without considering the PRACH repetition gain of the SBFD aware UE. If the gNB activates half of the legacy antenna configuration for SBFD operation, the initial PRACH transmit power of the legacy UEs can be increased by the higher PREAMBLE_RECEIVED_TARGET_POWER value for SBFD symbols in the SBFD symbol to ensure the detection probability of more than 99 % [5]. This can help maintain the RA performance of the legacy UE in handling the inter-UE CLI.
Proposal 6. For SBFD-aware UEs in RRC CONNECTED state, distinguish power control parameters (e.g., PREAMBLE_RECEIVED_TARGET_POWER) for SBFD and non-SBFD symbols.
Proposal 7. For SBFD-aware UEs in the RRC CONNECTED state, consider PRACH repetition gain and antenna configuration to set power control parameters for SBFD and non-SBFD symbols.

3. Conclusion
In this contribution, we discussed the random access operation of SBFD. following observations and proposals are given:
Observation 1. For SBFD-aware UEs, they can have ROs in both non-SBFD symbols and SBFD symbols in the current rules.
Observation 2. For SBFD-aware UEs in RRC CONNECTED state, PRACH resource configuration issue may affect PRACH repetition performance across SBFD and non-SBFD symbols.
Proposal 1. For SBFD-aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.
Proposal 2. For SBFD-aware UEs in RRC CONNECTED state, support option 2 using two separate PRACH configurations.
Proposal 3. For SBFD-aware UEs in RRC CONNECTED state, support option 1 a valid RO can only be on SBFD symbols or non-SBFD symbols.
Proposal 4. For SBFD-aware UEs in the RRC CONNECTED state, support PRACH repetition at least in SBFD symbols.
Proposal 5. For SBFD-aware UEs in the RRC CONNECTED state, the PRACH detection requirements shall follow the existing minimum requirements.
Proposal 6. For SBFD-aware UEs in the RRC CONNECTED state, distinguish power control parameters (e.g., PREAMBLE_RECEIVED_TARGET_POWER) for SBFD and non-SBFD symbols.
Proposal 7. For SBFD-aware UEs in the RRC CONNECTED state, consider PRACH repetition gain and antenna configuration to set power control parameters for SBFD and non-SBFD symbols.
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