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Introduction
3GPP has agreed to specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode, and to study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [1]. In this contribution, we discuss our further views on these matters.
[bookmark: _Ref178064866]Discussion
In RAN1 #116, RAN1 discussed how to extend random access (RA) to SBFD symbols [2]. RAN1 made the following agreement:
	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


It is however, not entirely clear what is referred to as “a single” and “two separate” RACH configurations, respectively. In fact, there is no such thing as a single RACH configuration, as the following figure of parameters that one way or another affects the RACH configuration illustrates, see Figure 1. 
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[bookmark: _Ref163026914]Figure 1: High level illustration of RACH RRC IE structure. Ellipses represent IE types and rectangles IE fields. Blue represents root IEs and green represents IEs that contain actual RACH related parameters. Bold face arrows represent lists.
Many of the RAN1 RACH parameters are contained in RACH-ConfigGeneric, e.g., prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart and so on. That said, there are also RAN1 related parameters in other IEs e.g., msg1-SubcarrierSpacing and msg3-transformPrecoder in RACH-ConfigCommon, ssb-perRACH-Occasion in SI-RequestConfig and CFRA and so on.
Instead of discussing the one or two configurations, we propose that RAN1 discusses RACH on a per parameter level since that is how it will anyway be configured if RAN1 is to align the SBFD RACH configuration with the legacy RACH configuration, something we are strong supporters of.
[bookmark: _Toc163717847]In legacy RACH, there is no such thing as a single configuration, it is much more complicated than that. Hence, different RACH configuration parameters should be discussed separately.
[bookmark: _Toc163717858][bookmark: _Toc163219917]Instead of agreeing on a single enhanced RACH configuration or double RACH configurations, RAN1 to discuss configurations on a lower level.
SBFD PRACH configuration
In this section, we separately present our views on the SBFD PRACH configuration, including the number of PRACH configuration indices to be supported, enhancements to PRACH tables, SSB-to-RO mapping and RO validation and repetitions. In short, we propose to configure either a single PRACH configuration index with a single PRACH preamble, or two separate PRACH configuration indices with different PRACH preambles. This is in order to allow for both efficient provisioning of PRACH for the case where capacity and latency are the main bottle necks whereas also allowing for PRACH differentiation to allow longer PRACH preambles, should there be a need for the network to do so.
It should be noted that in addition to the PRACH configuration index, also other parameters, e.g., SCS, frequency offset, power control, etc. need to be considered for the complete PRACH configuration.
[bookmark: _Ref162973401]Number of PRACH configuration indices
During RAN1 #116, it was clear that there are quite different views on the objective with SBFD PRACH. Hence, our conclusion is that eventually RAN1 will need to accommodate, on the one hand, increased RA capacity (increased #ROs) and reduced RA latency, and on the other hand, longer range and increased coverage. The approaches to fulfil these objectives are quite different, though.
To achieve increased RA capacity and reduced RA latency, the legacy PRACH format and SCS can suffice assuming the validation rules are updated to also include SBFD symbols. Since legacy UEs would still be restricted to ROs in UL (and F) symbols, separate SSB-to-RO mapping validation rules for legacy ROs and SBFD ROs would be necessary.
To instead achieve increased range and coverage, introducing the possibility to configure a dedicated SBFD PRACH format (from the already available ones) that is valid in SBFD symbols seems unavoidable (although strictly not necessary). The separate PRACH format would require new validation rules, presumably for ROs to be validated in SBFD symbols, possibly also ROs starting in SBFD symbols and extending into UL symbols, as discussed further below. In order to accommodate different preamble formats, a separate SCS would also need to be configured. Additionally, a separate PRACH format would by necessity need separate SSB-to-RO mapping.
The above discussion leads us to the following proposal:
[bookmark: _Toc163219919][bookmark: _Toc163717859][bookmark: _Hlk120806868]Allow for single or double PRACH configuration indices applicable to SBFD symbols, where:
a. [bookmark: _Toc163717860]A single configuration index implies the same preamble format and the same SCS is used, in SBFD ROs as in legacy ROs, and
b. [bookmark: _Toc163717861]Double configuration indices (legacy and SBFD) imply separate preambles formats and SCS for SBFD ROs and legacy ROs.
Even though the network supports SBFD, it may not want to support SBFD RA. One reason for that may be that SBFD RA may result in additional overhead or maybe the UL subbands are only needed in RRC CONNECTED mode for less mobility sensitive devices. Particularly if IDLE mode RA is supported, the UE needs to know already from reading SIB1 whether SBFD RA is supported, to be able to benefit from it. For the double PRACH configuration, the inclusion of the second configuration in SIB1 would implicitly also indicate a support for SBFD RA, however for the single PRACH configuration case, there would not necessarily be such an indication. For that reason, we propose to explicitly indicate whether SBFD RA is supported for the single PRACH configuration.
[bookmark: _Toc163717848]Even if the network supports SBFD, the additional overhead associated with the introduction of more ROs should not be mandated.
[bookmark: _Toc163717862]If a single PRACH configuration index is used to configure both legacy ROs and SBFD ROs, the gNB indicates whether SBFD RA is enabled.
PRACH table enhancements
One discussion point in RAN1 #116 was whether the existing PRACH configuration tables need to be updated. With our proposal to allow either a single PRACH configuration used to configure both legacy ROs and SBFD ROs, or two separate PRACH configurations, i.e., one for legacy ROs and a dedicated one for SBFD ROs, there is no need to enhance the PRACH tables. The main reason for that is that the existing tables already include the long PRACH formats and presumably the flexibility and configurability that companies have identified as necessary.
[bookmark: _Toc163717849]If RAN1 agree on a dedicated SBFD PRACH configuration index, there is no need to update existing tables, considering the existing tables already include versatile use of long PRACH format 0.
[bookmark: _Toc163717863]No PRACH table enhancements are introduced, provided a dedicated PRACH configuration index may be configured for SBFD RA.
SSB-to-RO mapping and RO validation
The presently specified general RO validation rule for NR is specified in TS 38.213, §8.1 and is summarized below:
	-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	…[it] starts at least  symbols after a last downlink symbol… 


Since, per agreement [2], “SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon”, and the objective according to the WID [1] is to “[s]specify SBFD operation to support random access in SBFD symbols,” the general RO validation rule need to be updated. As discussed in Sec. 2.1.1, the simplest such update is to also validate ROs that are included in UL subbands in SBFD symbols, either fully or partly together with UL symbols. Additionally, should RAN1 agree to introduce a second, dedicated SBFD PRACH configuration index in SBFD symbols, any ROs outside SBFD symbols should be invalidated for that index.
[bookmark: _Toc163717864]ROs in SBFD symbols and UL subbands are valid ROs for SBFD capable UEs.
[bookmark: _Ref163130366][bookmark: _Toc163717865]In case of a dedicated SBFD PRACH configuration index, SBFD ROs entirely located in UL (or flexible) symbols are invalid.
Regarding the SSB-to-RO mapping, it is imperative that legacy operation is not jeopardized. With respect to that, there are two requirements that need to be met:
1. A legacy UE must be allocated to legacy ROs, and
2. A gNB must not be subject to RO collisions such that ROs associated with different SSB indices collide.
Proposal 6 ascertains that no RO collisions occur. To achieve the first item for the dedicated SBFD PRACH configuration index, including a different PRACH preamble format, it is evident that separate SSB-to-RO mappings must be used. However, also for the single PRACH configuration case it is prudent to specify separate SSB-to-RO mappings for legacy and SBFD ROs, in order to maintain legacy operation.
[bookmark: _Toc163717850]If a single PRACH configuration index is provided, the legacy SSB-to-RO mapping must be maintained to ascertain backward compatibility.
[bookmark: _Toc163717866]Separate SSB-to-RO mappings are used for legacy ROs and SBFD ROs for both single and double PRACH configuration indices.
One function that the existing PRACH configurations do not consider, is the eventuality that multiple PRACH configurations may be configured. Hence, introducing a second PRACH configuration, or even including additional ROs in a single PRACH configuration, may result in unnecessarily large PRACH overhead. For that reason, we think it would be sensible to include a mechanism to further restrict the number of ROs such that not all SBFD ROs contained in SBFD symbols and the UL subband are validated. This may be achieved, e.g., by invalidating certain subframes among the set of valid subframes in the PRACH configuration.
[bookmark: _Toc163717867]RAN1 to consider introducing a mechanism to further reduce the number of valid ROs in the SBFD PRACH configuration, to control PRACH overhead.
RAN1 also discussed whether ROs spanning both SBFD symbols and UL symbols should be valid or not. With respect to that, RAN1 made the following agreement [2]:
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, further study the following two options:
· Option 1: a valid RO can only be on SBFD symbols or on non-SBFD symbols
· a configured RO across SBFD and non-SBFD symbols in the same slot or across slots is invalid
· Option 2: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots
RAN1 to leverage the study in Rel-18 as baseline.


In Figure 2, we present our detailed studies of the two alternatives together with the gold standard using only UL slots for a false detection rate of ~10-3. Considering the expected varying reception conditions, we present results for SBFD/UL for both equal weights combining for SBFD symbols and UL symbols, respectively, and MRC-like combining, where the estimated noise level will determine weighting between the two symbol types. As is evident in the figure, using SBFD only will have a substantial penalty (12 dB for a missed detection rate of 10-2) to using SBFD/UL with MRC, which in turn is only 2 dB worse than the gold standard using UL only and coherent combining. The simulated cases are illustrated in Figure 3.
Simulation settings for the LLS were reused from the low-load scenario for link budgets in Section 4 of [3], to the extent applicable to PRACH. Particularly, interference was modeled as white Gaussian noise with power levels in SBFD and UL slots based on SLS statistics for the different slot types (using random draw method 2). Some PRACH-specific settings are as follows:
· Format B4
· Subcarrier spacing 15 kHz
· Random propagation delay, uniformly distributed from zero up to a maximum corresponding to 2 km cell radius
· PRACH receiver variants considered:
1. Coherent equal-gain combining of the entire preamble
2. Non-coherent equal-gain combining between first and second half of preamble
3. Non-coherent weighted combining (MRC-like) between first and second half of preamble

Note that because of the non-coherent combining for the SBFD/UL case, performance should be the same even in the presence of an unknown phase shift in the border between SBFD and UL slots, equally valid for UE Tx or gNB Rx.
[image: ]
[bookmark: _Ref163070806][bookmark: _Ref162972144]Figure 2: Missed-detection rate for UL only (blue line), SBFD only (green line), and non-coherent SBFD/UL (equal combining (red dashed line) and MRC-like combining (red solid line), respectively). 

[image: ]
[bookmark: _Ref163220361]Figure 3: Illustration of simulated cases. Data uses 30 kHz subcarrier spacing while PRACH uses 15 kHz subcarrier spacing for longer preamble and guard.
Based on the above results, we make the following observation and proposal:
[bookmark: _Toc163717851]Detection performance can be substantially improved by allowing ROs to span both SBFD and UL symbols, in comparison to ROs only spanning SBFD symbols.
[bookmark: _Toc163219930][bookmark: _Toc163717868]A valid SBFD RO may either be fully located within SBFD symbols or fully located within a combination of SBFD symbols, flexible symbols and UL symbols. 
Repetitions
In RAN1 #116, PRACH repetitions were briefly discussed with the following result [2]:
	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.


PRACH preamble repetitions were introduced in Rel-18 to improve cell coverage. In short, it allows for non-coherent combining of a PRACH preamble that is transmitted repetitively in multiple ROs. The number of repetitions is determined from a combination of network configuration and UE measurements. We don’t see any obstacle to include repetitions in the SBFD random access work, but doing so will, in our view, call for some cation on how repetitions are performed.
For the double PRACH configuration case, it is obvious that ROs are limited to ROs associated with the same PRACH configuration. Consequently, repetitions may only take place within SBFD ROs in case the dedicated SBFD PRACH configuration is used and correspondingly for the legacy PRACH configuration.
For the single PRACH configuration case, the situation is a bit more complicated. In our understanding, it is necessary that SSB-to-RO mapping is separated for legacy ROs and SBFD ROs. However, that does not necessarily exclude both sets of ROs being used for PRACH repetitions. Allowing repetitions over both sets of ROs would allow for optimized latency for poor coverage scenarios where repetitions may be useful. On the other hand, it would also put some additional complexity requirements on the gNB where multiple repetition hypotheses would be necessary, to cover both legacy UE repetitions over legacy ROs and SBFD capable UEs transmitting PRACH over both sets of ROs. What is potentially worse, differentiating legacy UEs from SBFD UEs during random access may not be possible, if both legacy UEs and SBFD UE use legacy ROs. Additionally, the gNB may determine that the SINR between the two sets of ROs differs too much, such that repetitions over both sets have a limited use. Hence, power control for the two ROs could be challenging. For that reason, we propose to provide a separate indication whether repetitions should be performed over both sets of ROs or only within a single set of ROs.
[bookmark: _Toc163717852]Allowing repetitions among legacy and SBFD ROs will require the gNB to handle multiple hypotheses on which ROs are used for repetitions, complicate different power control schemes between legacy and SBFD ROs and may introduce ambiguity in the identification of an SBFD capable UE.
[bookmark: _Toc163717869]SBFD random access supports PRACH repetitions.
[bookmark: _Toc163717870][bookmark: _Toc163219935][bookmark: _Toc163133521][bookmark: _Toc163133578][bookmark: _Toc163219936][bookmark: _Toc163133522][bookmark: _Toc163133579][bookmark: _Toc163219937][bookmark: _Toc163219938][bookmark: _Toc163219939][bookmark: _Toc163219942]Repetitions among different PRACH preamble formats is prohibited. Repetitions among SBFD ROs and legacy ROs for the same PRACH preamble format is configurable.
PRACH configurability
In order to properly specify SBFD PRACH, some parameters may need to differ compared to legacy PRACH. In our view, RAN1’s responsibility is to identify which configuration parameters need differentiation between SBFD ROs and legacy ROs and leave the signaling design to RAN2.
Configuring double PRACH configuration indices clearly makes sharing of configuration parameters between the two configurations difficult. Different preamble formats may require different SCS, power control, number of repetitions, ROs to use for repetitions etc. for a given network configuration. Even for the single SBFD PRACH configuration case, there may be a need to specify separate parameter values considering the potentially different conditions for configuring and receiving PRACH in SBFD symbols and UL symbols. Consequently, frequency location, power control and the number of ROs per SSB may need differentiation.
In addition to configuring SBFD and legacy parameters, relations between SBFD ROs and legacy ROs may need to be determined. This may include prioritization between the two sets of ROs, possibly by configuration or rules, to allow for different scenarios and use cases. Moreover, whether and how to combine SBFD ROs and legacy ROs in PRACH repetitions or mixing of ROs during power ramping needs to be carefully considered both from a performance and complexity perspective. For example, the gNB would need to handle more combinations should repetitions be agreed, one for legacy and one for SBFD capable UEs. Even here, configurability may be the way out to accommodate different scenarios and use cases.
[bookmark: _Toc163717853]RAN1’s responsibility is to agree on PRACH parameters needing additional configurability and leave the signaling to RAN2.
[bookmark: _Toc163717854]Due to the highly differing objectives and needs with SBFD RACH, allowing configurability in RACH usage may be preferable.
[bookmark: _Toc163717871]RAN1 to consider separate configurations for SBFD PRACH regarding,
c. [bookmark: _Toc163717872]SCS,
d. [bookmark: _Toc163717873]Frequency offset,
e. [bookmark: _Toc163717874]Power control,
f. [bookmark: _Toc163717875]Number of ROs per SSB, and
g. [bookmark: _Toc163717876]Number of repetitions.
[bookmark: _Toc163717877]RAN1 to consider configurability between SBFD PRACH and legacy PRACH regarding,
h. [bookmark: _Toc163717878]RO prioritization,
i. [bookmark: _Toc163717879]Repetition management, and
j. [bookmark: _Toc163717880]Power ramping RO mixing.
Msg2, 3, 4 
RAN1 #116 briefly discussed Msg2, Msg3 and Msg4 [2], the following agreement the outcome of the discussions:
	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 our view, it is not evident that there is a need for any specification work for Msg2, 3, 4 in DL/UL subbands. Neither coverage nor range will be helped by it, latency and capacity will only marginally be improved. Hence, any additional work should be justified before RAN1 starts to blindly specify its functionality.
[bookmark: _Toc163717881]RAN1 to discuss the justification of DL/UL subband support for Msg2, 3, 4.
With the assumption that RAN1 still will undertake some work with Msg2, 3, 4, in our understanding, Msg2 and Msg4 are both scheduled with DCI, the specification of which is handled in AI 9.3.1. Potentially, if Type 1 scheduling is used, there may be a need for further enhancements pending on the outcome from the specification work in AI 9.3.1. However, from a RACH perspective, it is inefficient and irresponsible to do any such enhancements prior to the general enhancements have been agreed in AI 9.3.1. Hence, at this point, we do not see a need for further specification work apart from what is undertaken in AI 9.3.1. 
Msg3 and Msg4 HARQ-ACK PUCCH are both not scheduled with DCI, instead the UL grant resides within the PDSCH. Similar to the above, it is difficult to discuss RACH-specific enhancements ahead of the general specification work ongoing in AI 9.3.1.
Regarding Msg3 PUSCH repetitions, it is our understanding that this will also be discussed in AI 9.3.1, for which reason, at this point there is no need for further RACH specific discissions.
[bookmark: _Toc163717882][bookmark: _Toc163219957][bookmark: _Toc163219958][bookmark: _Toc163219959][bookmark: _Toc163219960][bookmark: _Toc163219961][bookmark: _Toc163219962][bookmark: _Toc163219963][bookmark: _Toc163219964][bookmark: _Toc163219965]For RACH-specific enhancements of Msg2, 3, 4 await further progress in AI 9.3.1. 
RRC IDLE/Inactive
Support of RRC IDLE/Inactive
In our view, the functionality needed for RRC_IDLE RA does not necessarily differ significantly from what is needed in RRC_CONNECTED. However, in order for RRC_IDLE to be feasible, parts of both the SBFD time-frequency resource configuration as well as the SBFD PRACH configuration must be contained in SIB1. Consequently, a more compact SBFD configuration that is based on the legacy configuration is preferable to the network instead of providing dual, independent configurations, one for legacy and one for SBFD PRACH.
[bookmark: _Toc159243370][bookmark: _Toc163717855]In order to support SBFD PRACH in RRC_IDLE, SIB1 needs to include both the SBFD UL subband configuration and the SBFD PRACH configuration.
Additionally, it is vital that legacy PRACH is not affected. Related to this is the objective with SBFD PRACH. If the objective with SBFD PRACH is to allow longer PRACH formats compared to legacy, dual formats and possibly also ROs need to be configured considering that legacy UEs must still adhere to legacy PRACH formats and procedures that are compatible with legacy TDD DL/UL patterns.
The objective with SBFD PRACH is also relevant for the specification work. For RRC_IDLE mode, cell coverage properties for the different RO alternatives needs to considered even more carefully since there is no fallback to RA in RRC_IDLE. If the UE fails in initial access, it will not have any connectivity at all. RAN1 must take this into careful consideration when specifying SBFD PRACH.
[bookmark: _Toc159243371][bookmark: _Toc163717883]Specifying suitable RO locations may be critical for UEs’ ability to perform initial access at long range and/or in poor coverage.
Network identification of SBFD UEs
One issue associated with IDLE mode operation is whether and how the network identifies the UE as an SBFD capable UE. For the sake of argument, we assume that IDLE mode SBFD RACH is supported since otherwise the network will know from capability signaling. Consequently, the need for identifying an SBFD capable UE prior to capability signaling is only relevant to leverage Msg2,3,4 by using SBFD resources. As presented earlier in this contribution, the need for that is not apparent to us and should first be agreed.
[bookmark: _Toc163717856]Identifying SBFD capable UEs before capability signaling is only needed for leveraging Msg2,3,4 by use of SBFD resources.
Still, assuming that early identification is anyway beneficial, one proposal that has been presented is to use preamble partitioning to differentiate legacy UEs from SBFD capable UEs. In our view, this is an undesirable solution for the simple reason that preamble partitioning is already over utilized and RACH risks decreased performance should additional use be introduced.
[bookmark: _Toc163717857]PRACH preamble partitioning is already over utilized and should not be used for SBFD capability identification.
Depending on network configuration and deployment, forcing SBFD capable UEs to exclusively use SBFD ROs could be a feasible solution. One objection to that, however, would be that this may not be suitable for all configurations or deployments.
Another alternative is that UEs adhere to either legacy RACH or SBFD RACH, depending on whether a SBFD RO or legacy RO is selected for the preamble. That is, a SBFD capable UE transmitting the preamble in a legacy RO will assume legacy operation also for Msg,2,3,4. If the network has a need to steer SBFD capable UEs to only use SBFD ROs, this can be solved through configuration of the SBFD PRACH, forcing the UE to a specific behavior.
[bookmark: _Toc163717884]The selected PRACH RO (SBFD or legacy) determines what RACH procedure (SBFD or legacy) the UE follows.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	In legacy RACH, there is no such thing as a single configuration, it is much more complicated than that. Hence, different RACH configuration parameters should be discussed separately.
Observation 2	Even if the network supports SBFD, the additional overhead associated with the introduction of more ROs should not be mandated.
Observation 3	If RAN1 agree on a dedicated SBFD PRACH configuration index, there is no need to update existing tables, considering the existing tables already include versatile use of long PRACH format 0.
Observation 4	If a single PRACH configuration index is provided, the legacy SSB-to-RO mapping must be maintained to ascertain backward compatibility.
Observation 5	Detection performance can be substantially improved by allowing ROs to span both SBFD and UL symbols, in comparison to ROs only spanning SBFD symbols.
Observation 6	Allowing repetitions among legacy and SBFD ROs will require the gNB to handle multiple hypotheses on which ROs are used for repetitions, complicate different power control schemes between legacy and SBFD ROs and may introduce ambiguity in the identification of an SBFD capable UE.
Observation 7	RAN1’s responsibility is to agree on PRACH parameters needing additional configurability and leave the signaling to RAN2.
Observation 8	Due to the highly differing objectives and needs with SBFD RACH, allowing configurability in RACH usage may be preferable.
Observation 9	In order to support SBFD PRACH in RRC_IDLE, SIB1 needs to include both the SBFD UL subband configuration and the SBFD PRACH configuration.
Observation 10	Identifying SBFD capable UEs before capability signaling is only needed for leveraging Msg2,3,4 by use of SBFD resources.
Observation 11	PRACH preamble partitioning is already over utilized and should not be used for SBFD capability identification.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Instead of agreeing on a single enhanced RACH configuration or double RACH configurations, RAN1 to discuss configurations on a lower level.
Proposal 2	Allow for single or double PRACH configuration indices applicable to SBFD symbols, where:
a.	A single configuration index implies the same preamble format and the same SCS is used, in SBFD ROs as in legacy ROs, and
b.	Double configuration indices (legacy and SBFD) imply separate preambles formats and SCS for SBFD ROs and legacy ROs.
Proposal 3	If a single PRACH configuration index is used to configure both legacy ROs and SBFD ROs, the gNB indicates whether SBFD RA is enabled.
Proposal 4	No PRACH table enhancements are introduced, provided a dedicated PRACH configuration index may be configured for SBFD RA.
Proposal 5	ROs in SBFD symbols and UL subbands are valid ROs for SBFD capable UEs.
Proposal 6	In case of a dedicated SBFD PRACH configuration index, SBFD ROs entirely located in UL (or flexible) symbols are invalid.
Proposal 7	Separate SSB-to-RO mappings are used for legacy ROs and SBFD ROs for both single and double PRACH configuration indices.
Proposal 8	RAN1 to consider introducing a mechanism to further reduce the number of valid ROs in the SBFD PRACH configuration, to control PRACH overhead.
Proposal 9	A valid SBFD RO may either be fully located within SBFD symbols or fully located within a combination of SBFD symbols, flexible symbols and UL symbols.
Proposal 10	SBFD random access supports PRACH repetitions.
Proposal 11	Repetitions among different PRACH preamble formats is prohibited. Repetitions among SBFD ROs and legacy ROs for the same PRACH preamble format is configurable.
Proposal 12	RAN1 to consider separate configurations for SBFD PRACH regarding,
a.	SCS,
b.	Frequency offset,
c.	Power control,
d.	Number of ROs per SSB, and
e.	Number of repetitions.
Proposal 13	RAN1 to consider configurability between SBFD PRACH and legacy PRACH regarding,
a.	RO prioritization,
b.	Repetition management, and
c.	Power ramping RO mixing.
Proposal 14	RAN1 to discuss the justification of DL/UL subband support for Msg2, 3, 4.
Proposal 15	For RACH-specific enhancements of Msg2, 3, 4 await further progress in AI 9.3.1.
Proposal 16	Specifying suitable RO locations may be critical for UEs’ ability to perform initial access at long range and/or in poor coverage.
Proposal 17	The selected PRACH RO (SBFD or legacy) determines what RACH procedure (SBFD or legacy) the UE follows.
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PRACH TDL-C, 3 km/h, 300 ns, B4, SCS 15 kHz, low load

UL slots only, coherent eq. gain comb.

SBFD slots only, coherent eq. gain comb.

SBFD/UL slots, non-coherent eq. gain comb.

SBFD/UL slots, non-coherent MRC-like comb.


