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Introduction
The Rel-19 WID Evolution of Duplex operation introduces NR specification support for gNB-side SBFD within a TDD carrier, enhancements to inter-gNB and inter-UE CLI handling, and BS RF and RRM requirements [1].
In the Rel-19 WID, it is assumed that SBFD is deployed at the gNB side and that the TDD UE operates in half-duplex. Subband full-duplex (SBFD) operation on a time-domain resource is limited to FDM in non-overlapping DL and UL subbands. SBFD enhancements for SBFD-aware UEs assume SBFD operation for NR single carrier in FR1 or FR2-1. From the perspective of the SBFD-aware UE, SBFD operation is assumed within a single configured DL and UL BWP pair with aligned center frequencies. For the semi-static indication of frequency/time locations of the SBFD subbands to SBFD-aware UEs on a legacy DL or F symbol/slot, it is assumed that one UL subband is configured for SBFD operation in an SBFD symbol.
The Rel-19 WID objectives include introduction of specification support for random access in SBFD symbols at least for RRC_CONNECTED mode and a study phase for RRC_IDLE/INACTIVE modes [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 Section 2 we provide our views on remaining open decision points at feature level for random access in SBFD symbols, i.e., support of the Type-2 RA procedure, Rel-18 PRACH repetition, and random access in SBFD symbols when in RRC_IDLE/INACTIVE modes.
In Section 3 we discuss design aspects to specify support for random access in SBFD symbols. The focus is on PRACH/preamble transmission and any related signaling/L1 processing such as the RACH configuration and RO validation rules.
In Sections 4 we briefly discuss additional specification impacts related to random access on SBFD symbols. These include RACH Msg.2 reception, RACH Msg.3 transmission or the Early Indication mechanism for SBFD-aware UEs in RRC_IDLE mode.


Random access in SBFD symbols
In this section we provide our views on remaining open decision points at feature level for random access in SBFD symbols, i.e., support of the Type-2 RA procedure, the Rel-18 PRACH repetition feature, and random access in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE modes.
Several such feature-level RAN1 agreements and conclusions for random access in SBFD symbols were already made in RAN1#116 and RAN1#116bis.
It was concluded in RAN1#116 that no new PRACH format is introduced in the Rel-19 SBFD WI.
It was agreed in RAN1#116 that for SBFD aware UEs in RRC CONNECTED mode, the Type-1 random access procedure is supported in SBFD symbols. Support of the Type-2 random access procedure was left FFS. It was agreed that for SBFD aware UEs in RRC CONNECTED mode, at least PRACH without repetition is supported in SBFD symbols. Support of the Rel-18 PRACH repetition feature in SBFD symbols or across the SBFD symbols and the non-SBFDs symbols was left FFS. 
In RAN1#116bis, the WA to support CBRA and CFRA in SBFD symbols for SBFD-aware UEs in RRC_CONNETED was confirmed.

Type-2 RA procedure
Support of the Type-2 random access procedure was left FFS in RAN1#116.
In the Type-2 random access procedure, RACH Msg.1 and Msg.3 (PUSCH) are transmitted together as MsgA in TDM. The RACH Msg.2 (RAR) and Msg.4 (for contention resolution) are transmitted together as MsgB. Type-2 is applicable for UEs in RRC_CONNECTED and in RRC_IDLE/INACTIVE modes. Both CBRA and CFRA are possible for Type-2 random access. For MsgA transmission, the gNB configures the MCS and PUSCH allocation. For MsgB reception, a new RNTI is defined. The Type-2 procedure reduces signaling overhead and decreases RA procedure delay.
In Rel-16 NR, the random access causes for Type-1 are considered as valid for Type-2 random access. No new/additional random access cause is introduced for Type-2.
When Type-2 random access is available and configured in the serving cell, the UE selects the Type-1 or Type-2 procedure at the initiation of the random access procedure based on the network configuration.
For CBRA, when both Type-1 and Type-2 are configured by the network, an RSRP threshold is used by the UE to select Type-1 and Type-2 random access. If the measured RSRP is above the threshold, the UE selects the Type-2 procedure but uses the Type-1 procedure otherwise. In a cell configured with SUL, the gNB can also signal whether to use NUL or SUL. The UE selects the SUL only when the measured DL signal quality is lower than a threshold.
For CFRA case, when both Type-1 and Type-2 are configured by the network, the UE performs random access depending on its configuration, i.e., using either Type-1 or Type-2. The UE expects that the network does not simultaneously configure CFRA resources for both Type-1 and Type-2. Note that Rel-16 NR supports Type-2 with CFRA only for mobility.
The Type-2 random access procedure allows UE fallback behavior to Type-1. The gNB can signal to the UE to fall back to Type-1 in MsgB. The UE then transmits (Type-1) Msg.3 and monitors for contention resolution in the DL. If not successful after a number of Msg.3 transmissions, the UE switches back to the Type-2 procedure and re-attempts (Type-2) MsgA transmission. If the Type-2 procedure is not completed after a number of MsgA transmissions, the UE can also be configured to fall back to Type-1 CBRA.
Most expected design and specification impact to support Type-1 random access procedure in SBFD symbols occur with respect to the Msg.1/preamble transmission such as RO configuration/validation, SSB-RO mapping rules, and UE power ramping behavior. Support of the Type-2 procedure for MsgA transmission shares these common design aspects. For (Type-2) PUSCH in MsgA in SBFD symbols, network configuration can be used similar to existing Rel-16 NR principles.
Therefore, we do not see significantly increased specification effort to also support Type-2 random access in SBFD symbols in addition to the Type-1 procedure.
Proposal 1: For SBFD-aware UEs, support the Type-2 random access procedure in SBFD symbols.

Rel-18 PRACH repetition
Support of the Rel-18 PRACH repetition feature for random access in SBFD symbols was discussed in RAN1#116.
The Rel-18 Further UL Coverage enhancements WI introduced support for multiple PRACH/preamble transmissions to improve upon the UL link budget during Initial Acquisition, i.e., PRACH repetition. N valid ROs are grouped in a so-called RO set. Based on range of the DL RSRP which the UE measures, the UE selects the N value and determines the corresponding RO set(s).
Random access in SBFD symbols increases the number of available UL transmission opportunities in the TDD UL-DL frame configuration period for the PRACH/preamble transmissions. It is therefore beneficial to support the Rel-18 PRACH repetition especially for the short preamble formats.
In our view, the associated specification changes to extend the Rel-18 PRACH repetition feature to be supported when using random access in SBFD symbols is small. Most expected design and specification impact to support the Rel-15 Type-1 random access procedure in SBFD symbols occur with respect to the Msg.1/preamble transmission such as RO configuration/validation, SSB-RO mapping rules, and UE power ramping behavior (Section 3). Support of Rel-18 PRACH repetition shares these common design aspects.
Some small additional specification impact to support Rel-18 PRACH repetition in Rel-19 SBFD can be expected for determination of the RO set by the UE.
For example, for RACH configuration Option 2 (separate), the SBFD-aware UE can use the legacy PRACH configuration and the new/additional SBFD RACH configuration. Assuming that the same PRACH format is configured for both RACH configurations, it is now possible to form the RO set consisting of both normal ROs and SBFD ROs. When the configured PRACH formats are not the same in the legacy and the new/additional SBFD RACH configurations, the RO set determination is then limited to either the normal RO or only SBFD RO. Note that when the new/additional SBFD ROs are mapped to SSB using the same SSB-to-RO mapping as in the legacy SSB-to-RO association pattern period, the SSB-to-RO mapping can be aligned even for the new/additional SBFD ROs, and the existing RO set determination rules as by Rel-18 can be applied.
Proposal 2: For SBFD-aware UEs, support Rel-18 PRACH repetition for random access in SBFD symbols.
Proposal 3: For random access in SBFD symbols using Rel-18 PRACH repetition, further consider the following two options:
Option 1: a RO set can only consist of SBFD RO(s) or only of non-SBFD RO(s).
Option 2: a RO set can consist of SBFD RO(s) and/or non-SBFD RO(s).

Random access in RRC_IDLE/INACTIVE modes
The following conclusion was reached in RAN1#116.
Conclusion (RAN1#116)
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following:
· The benefits include at least one or more of the following:
· reduced random access latency
· reduced PRACH collision probability or allowing more contiguous frequency resources for PUSCH in UL slots
· improved coverage of PRACH with sparse UL resources
· increased cell range of PRACH with sparse UL resources
· PRACH transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI (similar to the case of RRC connected mode UEs) for some deployment scenarios. Initial studies based on two companies’ evaluation results, the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenario and Urban Macro scenario.


In RAN1#116bis, a proposal was then made to agree on support of random access by SBFD-aware UEs in RRC_IDLE/INACTIVE modes but failed over the objection of one company.
We identified the benefits and discussed the use cases and inter-UE CLI handling aspects for support of random access in SBFD symbols by SBFD-aware UEs in our previous contribution [4]. These use cases are:
· Use case 1: Larger supportable cell sizes/improved UL coverage for FR1 NR TDD SA 30kHz with ‘DDDSU’
· Use case 2: Spectrum flexibility, i.e., reduced PRACH collision probability or RO offloading
· Use case 3: Reduced random access latency in L1 and during NAS Initial Attach for NR SA

In summary, the primary motivation to support the possibility to configure RACH Msg.1 (preamble), Msg.3 (PUSCH) transmissions, and PUCCH for RACH Msg. 4 (PDSCH) in the SBFD UL subband is Use case 2, i.e., spectrum flexibility.
In the serving cell supporting gNB-side SBFD operation, it is desirable that any existing UL signal/channel can be configured in the UL slot or in the SBFD UL subband.
Spectrum flexibility has two aspects. When the total number of ROs in a time period can be increased in the TDD cell by also configuring ROs in the SBFD UL subband, the PRACH collision probability should reduce. Alternatively, for the same total number of ROs in the time period, the number of ROs in the UL slot can be reduced. Spectrum flexibility then allows to offload random access attempts from the SBFD-aware UEs from the UL slot to the SBFD slots. This increases the contiguous UL scheduling BW in the UL slot. Reduced fragmentation of contiguous UL scheduling BW results in significantly higher throughput and SE in the UL slot for medium-good SINR UEs. 
Spectrum flexibility is relevant for SBFD operation in all scenarios, i.e., TDD indoor/industrial and urban macro/micro deployments.
Observation 1: The primary motivation and use case to support random access in SBFD symbols in RRC_IDLE/INACTIVE modes is spectrum flexibility.

We also consider Use case 1, i.e., improved UL coverage and increased supportable TDD cell size for SCS=30 kHz, as readily motivated when considering the UL coverage link budgets. The need for support TDD mid-band cell sizes >4km in some deployments exists. However, prerequisite is sufficiently high TRX capability in the mMIMO units on the network side.
Improved UL coverage and increased supportable cell sizes are not relevant for SBFD operation in all scenarios, i.e., they are applicable to large TDD rural/suburban macro cells. However, even for urban macro/micro NR standalone deployments in the FR1 3.5-3.7 GHz bands, the UL link budget for the RACH preamble detection becomes the coverage bottleneck when the short preamble formats such as C2 must be used due to 30 kHz DDDSU and outdoor-to-indoor propagation is considered. Use of a long PRACH format such as F0 is the alternative to improve the UL coverage.
For PRACH Formats 0/B4/C2, MCL/MIL/MPL were already evaluated for a number of deployments such as Urban 2.6/4GHz TDD or Rural 4GHz in 38.830. Furthermore, 38.104 already mandates the base station side minimum PRACH detection requirements for the FR1 1.25 kHz, 15 kHz, 30 kHz SCS PRACH cases.
Note that the SNR = S/N in the RAN4 requirements is specified based on a single carrier and defines S as the total signal energy in the slot and N as the noise in a bandwidth corresponding to the transmission bandwidth over the duration of a slot.
[bookmark: _GoBack]It is clear from these existing RAN4 SNR requirements that the gain from PRACH Format C2 in the UL slot with DDDSU 30 kHz compared to reception of either PRACH Format F0 or B4 on the RO in consecutive SBFD slots is significant and sufficient. This is even when a typically observed RoT of 2-2.5 dB (according to our Rel-18 link level evaluation Option 1 results) in the SBFD deployment is accounted for in the link budget.
Observation 2: UL coverage for PRACH transmissions is sufficiently improved when the long preamble format F0 can be used in ROs configured within SBFD slots.
Observation 3: Support of mixed (SBFD/non-SBFD) ROs is not required during random access in RRC_IDLE/INACTIVE modes.

For Use case 3, reduced latency, we consider that it is not so much the smaller L1/L2 random access procedure delay but the overall resulting reduction when completing the NAS/RRC initial access procedure which is an attractive feature for SBFD-aware UEs in RRC_IDLE mode.
The use of the TDD mid-band in NR standalone mode has increased widely. Many current TDD deployments using SCS=30 kHz experience >2x longer initial access delays when compared to FDD 15 kHz in the lower FR1 bands. This is mostly due to UL frame alignment delay inherent to TDD operation. Prerequisite for such latency reduction gains is an Early Indication type of mechanism allowing the SBFD-aware UEs to transmit any PUSCH with subsequent RRC and NAS messages in the SBFD slots after RACH Msg.5 (RRC Setup Complete + NAS Registration Request) upon entering RRC_CONNECTED mode. This is because SBFD UL subbands are configured for the UE by RRC re-configuration which can occur only after the UE has been identified and authenticated by gNB and AMF [4].
Reduced latency is relevant for SBFD operation in all scenarios when using NR standalone mode, i.e., for TDD indoor/industrial and urban macro/micro deployments.

In summary, support of random access by SBFD-aware UEs in RRC_IDLE/INACTIVE mode is clearly motivated. gNB implementation can control inter-UE CLI when random access is configured in SBFD slots through configuration/scheduling.
Proposal 4: For SBFD-aware UEs in RRC_IDLE/INACTIVE modes, support random access in SBFD symbols.

RACH Msg.1 transmission
In this section we discuss design aspects to specify support for random access in SBFD symbols. The focus is on PRACH/preamble transmission and any related signaling/L1 processing such as the RACH configuration and RO validation rules.

RA resource configuration
The Rel-15 NR random access configuration includes RACH occasions (ROs) in certain RACH slots and some frequency resource blocks, that repeat with a configurable periodicity (38.211). The RA configuration for initial access is obtained through SIB1. Dedicated RA configuration for the UE can be used after the UE enters RRC_CONNECTED mode.
A PRACH preamble transmission can only occur within a configurable subset of slots that are referred to as PRACH slots and repeat every PRACH configuration period. There can be multiple PRACH occasions within each PRACH slot in the frequency-domain that cover NRBPRACH-Preamble NPRACH consecutive RBs. NRBPRACH-Preamble is the preamble bandwidth measured in number of RBs. NPRACH is the number of frequency-domain PRACH occasions. The RA configuration depends on the frequency range (FR1 or FR2) and the spectrum type and maps to:
· a configurable PRACH periodicity (range from 10 to 160 msec)
· a configurable set of PRACH slots within the PRACH period
· a configurable frequency-domain PRACH resource (index of the first RB and number of FDM’ed PRACH occasions).
For a given preamble type, corresponding to a certain preamble bandwidth, the overall available time-frequency PRACH resources within a cell are indicated to the UE by RRC parameter prach-ConfigurationIndex The UE can transmit PRACH preambles only in frequency resources indicated by RRC parameter msg1-FrequencyStart. The PRACH frequency resources nRA = {0; 1; . . .; M-1}, in which the parameter M is derived from the RRC parameter msg1-FDM, are numbered in increasing order within an initial active UL bandwidth part during initial access, starting from the lowest frequency.
Multiple RACH preamble formats are defined for one or more PRACH symbols. Possibly, different CP and GT lengths can be used. The PRACH preamble configuration is signaled to the UE by RRC. RRC also informs the UE of the association between the SSB and RACH resources. The threshold of the SSB for RACH resource association is based on RSRP and is configurable by the network.
Before a RACH preamble transmission, the UE L1 receives a set of SSB indices and provides the UE RRC sublayer a set of RSRP measurements for SSB candidates with the indices. Information required for the UE L1 prior to PRACH preamble transmission includes preamble format, time resources, and frequency resources for PRACH transmission as well as parameters for determining root sequences and their cyclic shifts in the PRACH preamble sequence set including index to logical root sequence table, cyclic shift, and set type, that is, unrestricted, restricted set A, or restricted set B.
SSB indices are mapped to PRACH occasions in increasing order of preamble indices within a single PRACH occasion, then, in increasing order of frequency resource indices of frequency-multiplexed PRACH occasions, then, in increasing order of time resource indices of time-multiplexed PRACH occasions within a PRACH slot and, finally, in increasing order of indices of PRACH slots.
An association period, starting from frame 0, for mapping SSBs to PRACH occasions is a smallest value in a set determined by the PRACH configuration period such that NSSB SSB blocks are mapped at least once to PRACH occasions within the association period. A UE obtains the parameter NSSB from RRC. If after an integer number of SSB to PRACH occasions mapping cycles within the association period, there is a set of PRACH occasions that are not mapped to NSSB SSBs, no SSBs are mapped to the set of PRACH occasions. An association pattern period includes one or more association periods and is calculated such that a pattern between PRACH occasions and SSBs repeats at most every 160 msec. PRACH occasions that are not associated with SSBs after an integer number of association periods, if any, are not used for PRACH transmissions.
Next available PRACH occasion from PRACH occasions corresponding to a selected SSB can be further restricted by RRC parameter ra-ssb-OccasionMaskIndex, if configured or indicated by PDCCH. Otherwise, the UE MAC selects a PRACH occasion randomly with equal probability amongst consecutive PRACH occasions. Measurement gaps when determining a next available PRACH occasion corresponding to a selected SSB are also accounted for. Similar, parameter ra-OccasionList can restrict PRACH occasion(s) when associated with a CSI-RS where a PRACH preamble may be transmitted.
Therefore, there are 3 somewhat inter-related steps from the UE perspective when the UE prepares for random access transmissions:
· PRACH configuration  the UE obtains the configured RO and preamble
· PRACH validation  the UE determines valid ROs from the configured ROs
· SSB-PRACH association  the UE maps SSBs to the ROs (and preambles in these ROs)
Note that for a set of symbols of a slot corresponding to a valid PRACH occasion and Ngap symbols before the valid PRACH occasion, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as DL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 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 if it does not precede a SS/PBCH block in the PRACH slot and starts at least Ngap symbols after a last DL symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol. Ngap is depends on the preamble SCS and is 0 for 1.25 or 5 kHz or 2 symbols for 15-120 kHz.

RACH configuration tables
It needs to be decided if the existing RACH configuration tables for TDD need to enhanced when random access in SBFD symbols is supported.
Rel-15 NR defines 3 RACH configuration tables in 38.211. For the TDD bands, the FR1 TDD Table 6.3.3.2-3 or the FR2 TDD Table 6.3.3.2-4 applies.
In Rel-15 NR, allocation of time domain resources in the TDD RACH configuration tables, i.e., mapping of subframe indices were chosen such that row indices prefer the UL slots for typical/expected TDD UL-DL frame configuration patterns. Therefore, mapping to subframe number 4 and 9 is more prevalent. It is however possible to configure ROs in almost all subframe numbers within a TDD period based on the FR1 and FR2 TDD RACH configuration tables. Note that mapping to subframe number 0 is not possible for every preamble format.
Depending on the desired preamble format and number of PRACH occurrences, fewer PRACH configuration indices, i.e., row indices, are then effectively usable for random access in SBFD resources.
For example, when PRACH preamble format 0 is to be configured every other frame, only 4 PRACH configuration indices are allowed in the existing FR1 TDD table. PRACH format 0 every 20 msec can only occur in subframe numbers 4 or 9. The alternative is to increase the density in time of the PRACH occurrences in time, i.e., every 10 msec, such as PRACH configuration index 27 allowing to map the preamble into every 2nd subframe. PRACH preamble format 0 cannot start in subframe number 0.
It is clear that the re-using the existing FR1 or FR2 TDD tables for random access in SBFD resources can be limiting in some cases.
For RACH configuration Option 1 (single/shared) it was already agreed in RAN1#116bis that the existing random access configurations tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2 in TS38.211) are used.
For RACH configuration Option 2 (separate), the following RAN1#116bis agreement was made.
Agreement (RAN1#116bis)
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, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration,
· For FR2, consider from the following alternatives:
· Alt 1: use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the slot number for ROs in SBFD symbols.
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211)
· For FR1, consider from the following alternatives:
· Alt 1: Use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the subframe number for ROs in SBFD symbols.
· Alt 2: Use existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211)
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211)


In our view, Alt.3 (new entries/tables) for both FR1 and FR2 should not be supported due to the high specification effort associated with any re-design of the Rel-15 FR1 or FR2 TDD RACH configuration tables.
Alt.2 (allow FDD/SUL table for TDD) for FR1 is a viable option and results in minimal Rel-19 specification impact. When the use of the existing FR1 FDD/SUL Table 6.3.3.2-2 for SBFD-aware UEs operating in FR1 TDD spectrum becomes allowed, more flexibility exists to select any subframe number for most combinations of desired preamble format and number of PRACH occurrences in the SBFD resources.
Proposal 5: For SBFD-aware UEs and RACH configuration Option 2 in FR1 and FR2, support Alt.1 (reuse existing TDD tables) and do not support Alt.3 (new entries/tables).
Proposal 6: For SBFD-aware UEs and RACH configuration Option 2 in FR1, also support Alt.2. (allow FDD/SUL table).

PRACH preamble format configuration for SBFD-aware UEs
In RAN1#116, the following FL proposal was made:
FL Proposal 1-2-2 (RAN1#116)
For RRC CONNECTED state, RAN1 to down-select from the following two options for PRACH preamble format for SBFD aware UE and non-SBFD aware UE:
· Option 1: SBFD aware UE and non-SBFD aware UE can only use the same PRACH preamble format
· Option 2: SBFD aware UE and non-SBFD aware UE can use different PRACH preamble formats

In our view, there should not be a restriction imposing the use of the same PRACH preamble format for the SBFD aware UE and the non-SBFD aware (or legacy) UE.
Rel-15 NR allows to configure different PRACH preamble formats for different UEs. For example, different PRACH configuration indices can be configured for the UEs in the case of separate ROs.
One important motivation to support random access procedure in SBFD symbol is to support the long PRACH preamble format 0 by SBFD-aware UEs. This corresponds to Use case 1 for random access in SBFD symbols [4], i.e., improved UL coverage and increased supportable TDD cell size for SCS=30 kHz.
It should remain possible to independently select one of the long PRACH preamble formats through the PRACH configuration index for the SBFD-aware UE in SBFD slots when compared to the PRACH preamble format indicated to the legacy or non-SBFD-aware UEs in the UL slot.
We note that for RACH configuration Option 2 (separate), i.e., one legacy and one new/additional RACH configuration, the use of separate PRACH preamble formats becomes inherently possible for SBFD-aware UEs and the legacy (or non-SBFD aware) UEs.
Proposal 7: SBFD aware UE and non-SBFD aware UE can use different PRACH preamble formats.

RACH configuration Options 1 and 2 for SBFD-aware UEs
In RAN1#116, two possible RACH configuration options for SBFD-aware UEs were identified. Note that as by RAN1#116bis agreement, Option 1 does not allow to configure separate prach-ConfigurationIndex.
· Option 1: Use one single RACH configuration with possible enhancement
· Option 2: Use two separate RACH configurations (one legacy and one additional RACH configuration)
In RAN1#116bis, the following WA was made to support both RACH configuration Options 1 and 2:
Working Assumption (RAN1#116bis)

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.
· 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.
· 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.


We propose to confirm this RAN1#116bis WA, and provide our views on the remaining FFS in the following.
Proposal 8: Confirm the RAN1#116bis WA that both RACH configuration Option 1 with Alt 1-1 and RACH configuration Option 2 are supported.

RACH configuration Option 1
In RAN1#116bis, the following agreement was made.
Agreement (RAN1#116bis)
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),
· 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.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used


For RACH configuration Option 1 (single/shared) with Alt 1-1, it is FFS whether/how to interpret msg1-FDM, msg1-FrequencyStart and RO validation in rach-ConfigCommon.
The motivation for RACH configuration Option 1 is to reduce signaling overhead.
Therefore, a single value for the msg1-FDM, msg1-FrequencyStart is provided to the UEs as part of the rach-ConfigCommon. SBFD-aware UEs do not validate the ROs outside the SBFD UL subband in SBFD symbols.
Proposal 9: For RACH configuration Option 1 with Alt 1-1, a single value for msg1-FDM and a single value for msg1-FrequencyStart is signaled to UEs. SBFD-aware UEs don’t validate ROs located outside the SBFD UL subband on SBFD symbols.

RACH configuration Option 2
The following agreement was made in RAN1#116bis for RACH configuration Option 2:
Agreement (RAN1#116bis)
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: 
· 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.
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.


In our view, Alt 2-3 is simpler because it allows for strict TDM when the legacy RACH configuration and the new/additional RACH configuration are available. RO validation in a first step is then based on time-domain, i.e., whether the RO occurs in an SBFD symbol or in non-SBFD symbols. For simplicity of design, partially overlapping ROs should not be supported. If a PRACH preamble transmission starting in an SBFD symbol would end in a non-SBFD symbol, the RO should not be validated. The support of mixed (SBFD/non-SBFD) ROs would necessarily increase specification impact.
Proposal 10: For RACH configuration Option 2, support Alt 2-3 where the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs and mixed/partially overlapped ROs are invalid.

Furthermore, for RACH configuration Option 2, 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, were left FFS.
The motivation for RACH configuration Option 2 is to allow for fully separate parameterization and associated PRACH transmission behavior in SBFD ROs and legacy ROs, respectively.
Therefore, separate values for msg1-FDM and msg1-FrequencyStart in the legacy RACH configuration and the new/additional RACH configuration, respectively are provided to the UEs as part of the rach-ConfigCommon. Similar to the case of RACH configuration Option 1, SBFD-aware UEs do not validate the ROs outside the SBFD UL subband in SBFD symbols, even if network configuration can avoid the configuration of FDM ROs outside the SBFD UL subband.
Similar to the case of RACH configuration Option 1, separate SSB-RO mapping rules are required for SBFD-aware UEs with Option 2 in the SBFD symbols. In the association period, SBFD-aware UEs will validate a different number of ROs based on the new/additional RACH configuration when compared to legacy UEs using the legacy RACH configuration. The separate SSB-RO mapping for Option 2 must support association of any SSB index with at least one RO in the association period for both RACH configurations.
Proposal 11: For RACH configuration Option 2, separate values for msg1-FDM, msg1-FrequencyStart are signaled for the new/additional SBFD configuration and the legacy RACH configuration. SBFD-aware UEs don’t validate ROs located outside the SBFD UL subband on SBFD symbols.
Proposal 12: For RACH configuration Option 2, separate SSB-RO mapping is used for the ROs in SBFD symbols configured by the new/additional RACH configuration.

In our view, it is unavoidable that fully separate parameterization of the RACH parameters associated with the new/additional RACH configuration for SBFD-aware UEs as part of the rach-ConfigCommon needs to be supported in Option 2.
In the Rel-18 Duplex enhancements, RAN1 studied three SBFD antenna configurations 1-3, i.e., assuming the possibilities of a single split/shared SBFD panel type or multiple co-located SBFD panels as deployment options. SBFD antenna configuration option 1 results in the SBFD symbol using half of AEs/TXRUs compared to non-SBFD symbols. SBFD antenna configuration option 2 results in the SBFD symbol using the same number of AEs/TXRUs compared to non-SBFD symbols.
For the UL-DL frame formats, Rel-19 specifications should support DL channel/signal reception in two types of symbols, i.e., SBFD and non-SBFD symbols. Note that reception “across” different symbol types is not implied by that. Different frequency domain resource allocations including FDRA within 1 or using 2 SBFD DL subbands need to be supported. Depending on the SFBD antenna configuration option deployed on the gNB-side, different antenna/spatial configurations, different DL EPRE assumptions, different UL power control parameterization, and separate TCI/QCL handling are required. Similar considerations apply to the need for separate UL parameterization in the SBFD UL subband and UL slot, respectively.
One consequence is the need to support/indicate separate RACH configurations to the UE for RACH Msg.1 transmission for split/shared type of SBFD antenna configurations. Shared RACH configurations, i.e., across UL subband and UL slot are for example suited to co-located multi-panel type of SBFD antenna configurations.
The RACH configuration from the SIB1 of a live commercial 5G NR network is shown in Figure 1.

SIB1 (DL-BCCH-SCH)
(…)
servingCellConfigCommon
(…)
  uplinkConfigCommon
  (…)
    initialUplinkBWP
    (…)
      rach-ConfigCommon
        SetupRelease : setup
        Setup
          rach-ConfigGeneric
            prach-ConfigurationIndex : 17
            msg1-FDM : one
            msg1-FrequencyStart : 1
            zeroCorrelationZoneConfig : 12
            preambleReceivedTargetPower : -106
            preambleTransMax : n10
            powerRampingStep : dB4
            ra-ResponseWindow : sl10
          totalNumberOfRA-Preambles : 16
          ssb-perRACH-OccasionAndCB-PreamblesPerSSB
            ssb-perRACH-OccasionAndCB-PreamblesPerSSB : one
            one : n16
          ra-ContentionResolutionTimer : sf16
          prach-RootSequenceIndex : l839
          l839 : 20
          restrictedSetConfig : unrestrictedSet

Figure 1: Example RACH configuration in SIB1
When fully separate RACH configuration for SBFD-aware UEs in SBFD symbols and legacy UEs in the U slot is supported for Option 2, at least separately configured and signalled FDM ROs, separate PRACH power control parameters, and separate SSB-to-RO mapping parameters for the association period are required.
Configuration of PRACH root index can in principle remain the same for the legacy and the new/additional RACH configuration in Option 2 but would then restrict any flexibility of using random access in SBFD symbols with different PRACH preamble formats for the SBFD-aware UEs. This is undesirable and supporting separate parameterization comes at little incremental cost.
Therefore, for RACH configuration Option 2, the SBFD-aware UE and the legacy UEs are then configured with separate PRACH configurations, possibly different number or starting position of FDM’ed ROs in SBFD slots and UL slots, separate PRACH power control parameters, separate PRACH preamble configuration, and separate SSB-to-RO mapping parameters.
Proposal 13: For RACH configuration Option 2, separate PRACH power control parameters and separate PRACH preamble configuration can be signaled for the new/additional RACH configuration.

RO validation rules
In RAN1#116, the following agreement was made.
Agreement (RAN1#116)
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.

The possibility to transmit a PUSCH, PUCCH or PRACH/preamble across non-SBFD and SBFD symbols is only meaningful for some gNB-side SBFD antenna configuration options.
For example, using SBFD antenna configuration option 1 where the number of antenna elements and the number of TRXs in the SBFD DL subband(s) are reduced when compared to legacy TDD, phase coherency Rx EPRE and same QCL for PUSCH, PUCCH or PRACH/preamble reception across the SBFD and non-SBFD symbols is not possible. For some SBFD antenna configuration options, an additional guard symbol may be needed for switching of the antenna configuration by the gNB.
In order to minimize the specification delta and L1 modem design impacts for Rel-19 SBFD-aware UEs, the transmission behavior for PUSCH, PUCCH and PRACH/preamble for the SBFD-aware UEs should follow the existing Rel-15 NR principles. It is not reasonable to expect that the Rel-19 UE implementation should support PRACH/preamble transmission across SBFD and non-SBFD symbols if different RE mapping or different per-symbol processing would result.
We note that the possibility to allow for UL transmissions of PUSCH or PUCCH in general across SBFD and non-SBFD symbols, if meaningful for some SBFD antenna configuration options and under condition that such reception is transparent from the UE perspective, first needs to be discussed and decided in AI 9.3.1.
Proposal 14: For SBFD-aware UEs in RRC CONNECTED state, support Option 1 where a valid RO can only be on SBFD symbols or on non-SBFD symbols.

In RAN1#116bis, the following agreement was made.
Agreement (RAN1#116bis)
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, 
· 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)
· the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is 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.
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.



In our view, for Option 1 and ROs in SBFD symbols configured as flexible, the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs should be invalid for SBFD aware UEs. Strict TDM behavior during RO validation by the UE is simpler to implement and results in clear specification behavior. RO validation in a first step is then based on time-domain, i.e., whether the RO occurs in an SBFD symbol on legacy DL or in non-SBFD symbols. For ROs in SBFD symbols configured as DL, for simplicity of design, partially overlapping ROs should not be supported. If a PRACH preamble transmission starting in an SBFD symbol would end in a non-SBFD symbol, the RO should not be validated. The support of mixed (SBFD/non-SBFD) ROs would necessarily increase specification impact.
Proposal 15: For RACH configuration Option 1, for ROs in SBFD symbols configured as flexible, the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs should be invalid for SBFD aware UEs.

RACH Msg.1 power ramping
In Rel-15 NR, a PRACH preamble transmission for both CBRA and CFRA is associated with a DL RS. This association helps the serving gNB to identify an UL spatial reception filter/beam to receive a PRACH and helps the UE to identify an UL spatial transmission filter/beam to transmit a PRACH. For example, a UE can use a same or a related, such as with same QCL properties and/or same direction but narrower width, UL transmission filter/beam as that used for DL reception of an indicated DL RS for Msg1 transmission. This association can also be used to provide a DL RS resource for pathloss estimation for determining a PRACH preamble transmission power in NR.
A DL RS for Msg.1 transmission can be one of the following options based on the PRACH scenario:
· SSB for BFR, CFRA, PDCCH-order PRACH, SI request, CBRA, or
· CSI-RS for BFR, CFRA, CBRA.
Furthermore, it is possible for a serving cell to be configured with both SSB and CSI-RS for PRACH transmissions. For example, some PRACH preambles can be associated with an SSB for QCL determination and some PRACH preambles can be associated with a CSI-RS for QCL determination.
In the context of carrier aggregation, it is also possible that an SCell does not have any SSB configuration/transmission and only supports PRACH transmissions from UEs using CSI-RS for QCL determination. However, certain RA triggers/modes such as PDCCH order for RA or for SI request, are then not applicable.
The UE then calculates the PRACH transmit power for the retransmission of the preamble based on the most recent estimate of pathloss and the power ramping counter. If the UE conducts beam switching, the counter for power ramping does not change.
The UE determines the transmission power for PRACH,  as by 38.213:
[bookmark: _Hlk108108572]PPRACH,b,f,c(i) = min {PCMAX,f,c(i), PPRACH,target,f,c + PLb,f,c} [dBm]
 is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by RRC for the active UL BWP.  is a pathloss for the active UL BWP based on the DL RS associated with the PRACH transmission on the active DL BWP of serving cell and calculated by the UE in dB as:
PLb,f,c = referenceSignalPower – higher layer filtered RSRP [dBm].
where the higher layer filter configuration is also indicated by RRC.
If a PRACH transmission from a UE is not in response to a detection of a PDCCH order by the UE or is in response to a detection of a PDCCH order by the UE that triggers a contention based RA procedure or is associated with a link recovery procedure where a corresponding index  is associated with an SSB, referenceSignalPower is provided by ss-PBCH-BlockPower.
If a PRACH transmission from a UE is in response to a detection of a PDCCH order by the UE that triggers a contention-free RA procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-collocated with, referenceSignalPower is provided by ss-PBCH-BlockPower or, if the UE is configured resources for a periodic CSI-RS reception or the PRACH transmission is associated with a link recovery procedure where a corresponding index qnew is associated with a periodic CSI-RS configuration, referenceSignalPower is obtained by ss-PBCH-BlockPower and powerControlOffsetSS where powerControlOffsetSS provides an offset of CSI-RS transmission power relative to SSB transmission power. If powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB.
Following a RACH preamble transmission, if within the RA response window of size ra-ResponseWindow, the UE does not receive a RA response that contains a RA preamble identifier (RAPID) corresponding to the preamble sequence transmitted by the UE, the UE typically increases (in steps) the transmission power up to a certain limit, such as one defined by a maximum transmission power, using a power ramping counter for a subsequent PRACH transmission. If prior to a PRACH retransmission, the UE changes a spatial domain transmission filter, the UE physical layer notifies the higher layers to suspend the power ramping counter.
For every PRACH preamble re-transmission attempt, the UE increases the PREAMBLE_TRANSMISSION_COUNTER by 1 and applies the adjustment value DELTA_PREAMBLE to determine a transmission power for a subsequent PRACH transmission.
PREAMBLE_RECEIVED_TARGET_POWER = preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP 
The expression, PREAMBLE_POWER_RAMPING_STEP is set to higher layer parameter powerRampingStep for a 4-step RACH procedure. PREAMBLE_POWER_RAMPING_STEP can be set separately for the case of a 2-step RACH procedure using the higher layer signaled parameter msgA-PreamblePowerRampingStep, and for the case that ra-Prioritization is configured using the signaled parameter powerRampingStepHighPriority. The value of the adjustment step DELTA_PREAMBLE is tabulated and depends on the preamble format and SCS.
It is clear that separate parameterization for the UE power ramping behavior is required when random access in SBFD symbols is supported. It must be possible that different preamble target receive power levels and different maximum transmit power levels are set by the network for random access attempts in SBFD and UL symbols, respectively. One reason is the possible need to set a different number of maximum preamble transmission attempts and power ramping steps to adjust UL transmissions in the SBFD slots to control inter-UE CLI. Another reason is that different UL link gains result when different numbers of UL TRX and different number of AEs are available for reception in the UL subband and the UL slot depending on the gNB-side SBFD antenna configuration.
It will also be necessary to support clearly defined specification behavior when random access in SBFD symbols fails, e.g., the maximum allowed number of preamble transmission attempts is reached. For example, the UE should then re-attempt random access using the ROs in the UL slot.
Proposal 16: For SBFD-aware UEs, support separate parameterization of preamble target receive power, power ramping step size, power ramping counter, and maximum configured transmit power for random access in SBFD symbols.

RA resource indication (for CFRA)
Using CFRA, a dedicated preamble is allocated by the network to the UE. Different UEs are allocated different preambles. RRC signaling from the gNB to the UE then indicates the RA preamble index or L1 signaling with DCI can be used. The UE then transmits the RACH Msg.1 (preamble) and receives the RACH Msg.2 (RAR).
In Rel-15 NR, the RA resource indication depends on the PRACH configuration and the association between DL signals, i.e., SSB and/or CSI-RS and ROs. It is based on the pre-determined association of the DL signal index either with mapping rules or through RRC configuration, then the RO mask index is provided to further indicate the particular ROs associated with the indicated DL signal index. The 2 following cases can be distinguished:
Case 1: SSB index + PRACH mask index + preamble index
Case 2: CSI-RS index + RO occasion mask index + preamble index
It is clear that both existing resource indication mechanisms for CFRA can be used for the SBFD ROs. Another possibility is then to allow that the gNB directly configures the time/frequency resources for the dedicated PRACH transmission. A simplified conceptual example is shown in Figure 2.
Observation 4: The existing RA resource indication mechanism for CFRA or a new direct indication mechanism can be reused when random access in SBFD symbols is supported.

[image: ]
Figure 2: Random access in SBFD symbols for CFRA

Additional specification impacts
In this section we consider additional specification impacts related to random access on SBFD symbols such as RACH Msg.2 reception, RACH Msg.3 transmission or the Early Indication mechanism for SBFD-aware UEs in RRC_IDLE mode.
The following agreement was made in RAN1#116.
Agreement (RAN1#116)
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.


RACH Msg.2 monitoring
Upon successful reception of a preamble, the gNB transmits RACH Msg.2 (RAR). A PDSCH carrying RAR can include information for one or more UEs, wherein some of the information is common to UEs and remaining information is UE-specific. The RAR payload depends on the RA cause. For example, during Initial Access in RRC_IDLE, the gNB applies the TC-RNTI and scheduled UL resources for RACH Msg.3. The RAR contains the RA-preamble identifier, TA, initial UL grant, and the temporary C-RNTI.
After the UE sends a preamble, it monitors the PDCCH and waits for an RA response within an RA response window. If the UE receives a response containing an RA-preamble identifier which is the same as the identifier contained in the transmitted RA preamble, the response is successful. The UE then transmits RACH Msg.3 using the FDRA from the RAR. If the UE does not receive a response within the RA response window or fails to verify the response, the response fails. In this case, if the number of RA attempts is smaller than the upper limit, the UE retries RA. Otherwise, RA fails
Monitoring and reception of the RACH Msg.2 (RAR) requires a PDCCH and PDSCH reception. The UE receives the RAR in the initial DL BWP for the case of initial access in RRC_IDLE or in the active DL BWP for other RA triggers. The SCS for a PDCCH reception scheduling a PDSCH with a RAR message is the SCS of a Type1-PDCCH common search space (CSS) set. The SCS for any subsequent PDCCH and PDSCH reception is also same as the SCS for the PDCCH/PDSCH providing the RAR unless the UE is configured a different SCS.
The UE monitors PDCCH for detection of a DCI format 1_0 scheduling a PDSCH providing a RAR during a configured time window according to the Type1-PDCCH CSS set of the PCell/SpCell identified by a RA-RNTI or, in the case of beam failure recovery (BFR) with CFRA in the search space indicated by recoverySearchSpaceId of the PCell/SpCell identified by the C-RNTI.
RAR can include a 4-bit backoff indicator (BI) that indicates a maximum back-off time needed before a next PRACH transmission attempt by a UE. The UE selects an actual back-off time uniformly at random between zero and the value indicated by the BI field. The BI is typically used to control loading of PRACH preamble transmissions on the serving cell. In response to an SI on-demand request from the UE, RAR can also include a RAPID that corresponds to a preamble ID on which the UE transmitted.
Observation 5: The existing RACH Msg.2 (RAR) reception procedure can be reused when random access in SBFD symbols is supported.
Which CORESET and search space configuration can be supported for random access in SBFD symbols will depend on the RA cause. For CBRA, RAR monitoring in response to preamble transmission in SBFD symbols can in principle share the common ra-searchspace configuration for random access in UL symbols. It is also possible to consider the use of UE-specific search spaces when possible such as in the case of CFRA. Similar considerations apply to the RNTI, i.e., RA-RNTI/msgB-RNTI and/or C-RNTI where possible should be mostly reused unless some necessary change is found.
Proposal 17: For RACH Msg.2 reception by SBFD-aware UEs in the SBFD DL subband, further consider both common and dedicated CORESET/Search Space Set configuration and RA-RNTI/C-RNTI.

RACH Msg.3 PUSCH and PUCCH for Msg.4
Similar to the case of PUSCH and PUCCH transmission in the general case, some enhancements to the UL frequency resource allocation and frequency hopping behavior are also needed RACH Msg.3 (PUSCH) and the PUCCH A/N transmission associated with RACH Msg.4 (PDSCH) reception. We discuss these aspects in our companion tdoc [3]. 
When compared to PUSCH in the general case, the FDRA field for allocation of the RACH Msg.3 (PUSCH) transmission is included and indicated by the UL grant field in the RACH Msg.2 (RAR). In order to schedule the RACH Msg.3 in the SBFD UL subband, any signaling enhancement or solution needs to be included in the RAR (38.321).
When compared to PUCCH in the general case, for PUCCH carrying the HARQ-ACK in response to reception of RACH Msg.4 (PDSCH), the PUCCH resource set is determined by one row of Table 9.2.1-1 of TS38.213. The lowest PRB index of the PUCCH transmission can be  or , where  is given by Table 9.2.1-1. Different from PUCCH in the general case where hopping offsets can be signaled through RRC, handling of PUCCH associated with Msg.4 (PDSCH) reception needs to be specified in 38.213.
An additional consideration is the handling of the reference RB numbering in order to interpret the FDRA of the UL grant field in the RACH Msg.2 (RAR) [4]. One solution is to use a different reference RB numbering for interpretation of the FDRA field in the RAR for RACH Msg.3 (PUSCH) transmissions from SFBD-aware UEs. Another possible solution is to consider the introduction of a configurable frequency offset to shift the RACH Msg.3 (PUSCH) transmissions into the UL subband.
Proposal 18: For SBFD-aware UEs, support enhancements to UL frequency resource allocation and frequency hopping behavior for transmission of RACH Msg.3 (PUSCH) and PUCCH A/N associated with RACH Msg.4 (PDSCH).

Early Indication for SBFD-aware UEs
When random access in SBFD symbols is supported for SBFD-aware UEs in RRC_IDLE or RRC_INACTIVE mode, the L1/L2 random access procedure delay can be somewhat reduced.
The Type-1 random access procedure requires at least some 15-25 msec’s to complete before the UE in RRC_INACTIVE mode re-enters RRC_CONNECTED mode. This is due to RACH association/scheduling period, UL frame alignment, transmissions of RACH Msg.1 and 3, receptions of RACH Msg. 2 and 4, and accounting for UE and gNB processing delays. Use of the Type-2 procedure when available/supported can further reduce the random access procedure delay. When additional ROs are configured in SBFD slots and RACH Msg.3 can be transmitted in the SBFD UL subband, the UE can complete the L1/L2 random-access procedure faster. Up to 80-90% of time-domain resources are now available for UL transmissions rather than 20% in legacy TDD using ‘DDDSU’.
The latency reduction for the SBFD-aware UEs in RRC_IDLE is significantly larger when an Early Indication mechanism is available to allow the use of the SBFD UL subband for PUSCH and PUCCH transmissions after RACH Msg.5 (RRC Setup Complete + NAS Registration Request).
The example of NR standalone mode operation for FR1 TDD 30kHz is considered in Figure 3. Any UE in RRC_IDLE must connect to the network and first perform the NAS Initial Attach procedure before DL/UL data scheduling can start from the gNB perspective.
NR standalone mode has increasingly become more important in commercial TDD mid-band deployments during the last years. Completion of the L1/L2 random access procedure is only a small part of the overall delay experienced by the UE during NAS Initial Attach.
It should be considered that about 8-10 DL and 8-10 UL RRC/NAS messages must be exchanged between the network and the UE during NAS Initial Attach procedure even in the case of “stored context” (Figure 3). Returning to RRC_CONNECTED mode from RRC_IDLE with “stored context” is possible when the UE has previously connected to the network and can be assumed as the usual case. This means, that the PDU session has not been deleted and is dormant, and the UE RAT capabilities are still known to the gNB. Even more NAS/RRC signaling exchanges and longer delays result when no stored context is available for the UE in RRC_IDLE mode [4].
Note that the signaling exchanges during NAS Initial Attach are mostly “atomic” and “in sequence”, i.e., a successful completion of a procedure such as NAS Authentication Request/Response is required first before a subsequent procedure such as NAS Identity Request can be initiated by the network.
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Figure 3: NAS Initial Attach procedure (“with stored context”) in NR SA mode

NR TDD 30 kHz when compared to NR FDD 15 kHz in the NR low band is heavily penalized by the average UL frame alignment delay incurred for each of the UL RRC and NAS messages due to the limited number of UL slots in TDD. Any RRC or NAS message can only be transmitted in the legacy UL slot and results in average frame alignment delay of 0.5*2.5 msec’s per UL message.
For example, whereas NR FDD 15 kHz can often complete the NAS Initial Attach procedure in around 90-120 msec’s, the use of NR TDD 30 kHz currently results in more than 2x longer delay. If SBFD UL subbands can already be used by the UE prior to the validated RAT capability exchange, the TDD 30 kHz initial acquisition delay can almost be reduced to typical delays currently observed for FDD 15 kHz.
This significant reduction which can be achieved in terms of reduced latency for the NAS Initial Attach procedure is only meaningful for UEs in RRC_IDLE mode.
An Early Indication type mechanism doesn’t apply to UEs in RRC_INACTIVE mode. For UEs in RRC_INACTIVE mode, the RRC Suspend and Resume procedures are used. The UE uses a Resume ID and UE context is stored by the gNB. Early Indication is not applicable to SFBD-aware UEs in RRC_CONNECTED mode.
Prerequisite to reduce the NAS Initial Attach delay for SBFD-aware UEs in RRC_IDLE mode is an Early Indication type of mechanism. If Early Indication for SBFD-aware UEs is available, any PUSCH with subsequent RRC and NAS messages can then be transmitted in the SBFD UL subband already after RACH Msg.5 (RRC Setup Complete + NAS Registration Request) upon entering RRC_CONNECTED mode.
This is because SBFD UL subbands can only be configured for the SBFD-aware UE by RRC re-configuration which can only occur after the UE has been successfully identified and authenticated by gNB and AMF, and after the UE RAT capabilities were obtained by the gNB before the final RRC re-configuration message with the SBFD subband configuration for the UE can be sent.
In principle, and similar to other NR features which support Early Indication (EI), i.e., REDCAP, L1-based and/or L3 based Early Indication mechanism can be considered. L1-based EI relies on RACH/preamble partitioning and L3-based EI relies on Msg.3 (or later) transmissions through the LCH (or RRC payload).
Note that for SBFD-aware UEs supporting random access in SBFD symbols, implicit EI is available if two separate RACH configurations (Option 2 in Section 3.1.3) are used. When the gNB detects a PRACH/preamble transmission from the SBFD-aware UE in the SBFD ROs, EI is implicit. When the SFBD-aware UE uses a legacy RO, EI may need to be L3 based. These design aspects can be further considered after more decisions on random access in SBFD symbols are made.
Proposal 19: For SBFD-aware UEs in RRC_IDLE mode, support an Early Indication mechanism.
Proposal 20: For Early Indication by SBFD-aware UEs in RRC_IDLE mode, further consider the following 2 options:
Option 1: L1-based Early Indication is supported.
Option 2: L3-based Early Indication is supported.

Conclusion
In this contribution, we made the following observations:
Observation 1: The primary motivation and use case to support random access in SBFD symbols in RRC_IDLE/INACTIVE modes is spectrum flexibility.
Observation 2: UL coverage for PRACH transmissions is sufficiently improved when the long preamble format F0 can be used in ROs configured within SBFD slots.
Observation 3: Support of mixed (SBFD/non-SBFD) ROs is not required during random access in RRC_IDLE/INACTIVE modes.
Observation 4: The existing RA resource indication mechanism for CFRA or a new direct indication mechanism can be reused when random access in SBFD symbols is supported.
Observation 5: The existing RACH Msg.2 (RAR) reception procedure can be reused when random access in SBFD symbols is supported.

In this contribution, we made the following proposals:
Proposal 1: For SBFD-aware UEs, support the Type-2 random access procedure in SBFD symbols.
Proposal 2: For SBFD-aware UEs, support Rel-18 PRACH repetition for random access in SBFD symbols.
Proposal 3: For random access in SBFD symbols using Rel-18 PRACH repetition, further consider the following two options:
Option 1: a RO set can only consist of SBFD RO(s) or only of non-SBFD RO(s).
Option 2: a RO set can consist of SBFD RO(s) and/or non-SBFD RO(s).
Proposal 4: For SBFD-aware UEs in RRC_IDLE/INACTIVE modes, support random access in SBFD symbols.
Proposal 5: For SBFD-aware UEs and RACH configuration Option 2 in FR1 and FR2, support Alt.1 (reuse existing TDD tables) and do not support Alt.3 (new entries/tables).
Proposal 6: For SBFD-aware UEs and RACH configuration Option 2 in FR1, also support Alt.2. (allow FDD/SUL table).
Proposal 7: SBFD aware UE and non-SBFD aware UE can use different PRACH preamble formats.
Proposal 8: Confirm the RAN1#116bis WA that both RACH configuration Option 1 with Alt 1-1 and RACH configuration Option 2 are supported.
Proposal 9: For RACH configuration Option 1 with Alt 1-1, a single value for msg1-FDM and a single value for msg1-FrequencyStart is signaled to UEs. SBFD-aware UEs don’t validate ROs located outside the SBFD UL subband on SBFD symbols.
Proposal 10: For RACH configuration Option 2, support Alt 2-3 where the additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs and mixed/partially overlapped ROs are invalid.
Proposal 11: For RACH configuration Option 2, separate values for msg1-FDM, msg1-FrequencyStart are signaled for the new/additional SBFD configuration and the legacy RACH configuration. SBFD-aware UEs don’t validate ROs located outside the SBFD UL subband on SBFD symbols.
Proposal 12: For RACH configuration Option 2, separate SSB-RO mapping is used for the ROs in SBFD symbols configured by the new/additional RACH configuration.
Proposal 13: For RACH configuration Option 2, separate PRACH power control parameters and separate PRACH preamble configuration can be signaled for the new/additional RACH configuration.
Proposal 14: For SBFD-aware UEs in RRC CONNECTED state, support Option 1 where a valid RO can only be on SBFD symbols or on non-SBFD symbols.
Proposal 15: For RACH configuration Option 1, for ROs in SBFD symbols configured as flexible, the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs should be invalid for SBFD aware UEs.
Proposal 16: For SBFD-aware UEs, support separate parameterization of preamble target receive power, power ramping step size, power ramping counter, and maximum configured transmit power for random access in SBFD symbols.
Proposal 17: For RACH Msg.2 reception by SBFD-aware UEs in the SBFD DL subband, further consider both common and dedicated CORESET/Search Space Set configuration and RA-RNTI/C-RNTI.
Proposal 18: For SBFD-aware UEs, support enhancements to UL frequency resource allocation and frequency hopping behavior for transmission of RACH Msg.3 (PUSCH) and PUCCH A/N associated with RACH Msg.4 (PDSCH).
Proposal 19: For SBFD-aware UEs in RRC_IDLE mode, support an Early Indication mechanism.
Proposal 20: For Early Indication by SBFD-aware UEs in RRC_IDLE mode, further consider the following 2 options:
Option 1: L1-based Early Indication is supported.
Option 2: L3-based Early Indication is supported.
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