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1	Introduction
The new work item on New Radio- (NR-) based access to unlicensed spectrum (RP-182878) specifies the following as objective for Random Access procedure:
	- 	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH.



It was generally concluded in the study item phase, for each RA procedure message there should be more opportunities to transmit due to possible LBT failures compared to licensed band operation.
Furthermore, the following email discussion agreed in RAN2#105 concluded RAN2 should wait for RAN1 about their progress with regards to providing more opportunities for Msg1/Msg3 transmission.
[105#50][NR-U] RACH 4-step and SR (Oppo)
	Intended outcome: Report, clarify agreements from SI, identify tentative “easy” agreements, and questions to be resolved
	Deadline: Thursday 28/03/2019

In this contribution, we discuss the implications for L2 of the preamble transmission (ie., Msg1) about increasing the transmission opportunities.
It should be noted that in a RAN1 provided LS (R1-1901460) it is provided no multiple simultaneously active BWPs will be supported in Rel-16 NR-U. Hence, the wideband operation of a serving cell with bandwidth larger than 20MHz is performed with single active BWP (with possible multiple configured) and transmissions may be performed on a specific subchannel where LBT is successful even though it would not be on others.
2	Transmission opportunities for RA messages
In Rel-15 NR, the UE selects first a beam – SSB or CSI-RS (CFRA only) – and then a preamble associated with that beam. Upon transmission of the preamble, a next available PRACH occasion (RO) is selected, and more specifically UE selects the next available RO randomly if there are multiple consecutive (in frequency/time domain) occasions corresponding to the selected beam, where the preamble is then transmitted. For NR-U, however, the UE may fail the preamble transmission on the selected RO due to the busy channel, ie., due to LBT failure. The next RO(s) corresponding to the selected beam may come only after several milliseconds which will delay the preamble transmission procedure to quite some extent if multiple attempts fail in a row. Hence, it seems indeed necessary to increase the Msg1 transmission opportunities for the UE.
As provided in [1], RAN1 is already considering number of possible enhancement options to cope with the uncertainty the LBT brings for the Msg1 transmission. RAN2 territory is on the resource selection (beam, preamble, RO) side for which possible enhancement options are discussed below. Furthermore, it should be equally possible to provide more transmission opportunities with both CBRA (Contention Based Random Access) and CFRA (Contention Free Random Access) or combine these to provide more opportunities for CFRA, for instance.
2.1	Frequency domain resources across multiple sub-bands
Given the RAN1 LS about wideband operation, multiple PRACH resources in frequency domain spread across multiple 20 MHz sub-bands can provide robustness against LBT failures. Therefore, an efficient way to increase the transmission opportunities of Msg1 is to allow the configuration of PRACH resources on multiple 20 MHz sub-bands. The UE can select the PRACH resources to be used for transmission of the preamble also based on the outcome of separate LBT procedures performed on different 20 MHz sub-bands. Such diversity in the carrier/frequency domain can improve the robustness of the Msg1 transmission. A high level illustration of this is given in the following Figure 1.
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Figure 1: Frequency/carrier diversity for transmission Msg1 in NR-U RA procedure
This proposal is applicable when the BWP corresponds to at least two sub-bands, otherwise a single LBT procedure is performed.
Observation 1: Allowing multiple PRACH resources in frequency domain across multiple 20MHz LBT sub-bands will increase the possibility for successful preamble transmission due to independent LBT procedures.
On the other hand, this proposal is also applicable for UEs which do not support a bandwidth > 20 MHz or UEs accessing the cell from IDLE/INACTIVE modes; in such case the UE would not be able to perform multiple LBT procedures, but it may select any of the available sub-bands and perform LBT on the selected sub-band. For instance, system information received from the initial BWP could indicate the multiple sub-bands where the access can be attempted. The gNB would listens for the preamble transmission on all configured resources. Once it detects a PRACH preamble on a given sub-band, it sends Msg2 on the same sub-band; it is assumed as a baseline that the UE performs the complete Random Access cycle (Msg 1/2/3/4) in one sub-band at a time at least for initial access where UE BW capabilities are not known to the NW, i.e. on the sub-band that was actually used for Msg1 transmission.
Proposal 1: Support configuration of multiple PRACH resources in frequency domain spread across multiple 20MHz sub-bands.
Proposal 2: Support Random Access resource selection procedure where multiple preambles corresponding to different ROs across different 20MHz sub-bands can be selected for potential Msg1 transmission opportunities.
Proposal 3: At least for initial access from IDLE/INACTIVE mode, after the UE has selected one sub-band for transmission of Msg1, the RA cycle (Msg 1/2/3/4) is completed on the same sub-band.
2.2	Time domain resources with multiple beams
Rel-15 NR baseline supports multiple ROs per SSB in both frequency and time domains. Furthermore, an association period, starting from frame 0, for mapping SSBs to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according to Table 8.1-1 in [2] such that SSBs are mapped at least once to the ROs within the association period. Within an association period there are multiple full cycles for mapping SSBs to ROs. The standard allows up to 16 SSBs to be mapped to one RO. For instance, let’s assume that there are 32 actually transmitted SSBs, with a PRACH configuration that has 8 ROs within one PRACH configuration period (as an example). In this case,
ROs 0, 2, 4 and 6 are associated with SSB 0 to 15;
ROs 1, 3, 5 and 7 are associated with SSB 16 to 31.
This allows more ROs to be available in time domain for a single SSB to increase the preamble transmission opportunities, however, it will reduce the number of usable preambles per each SSB relative to the number of SSBs mapped on each RO. In the above example, one SSB has 64/16 = 4 preambles out from which also the possible CFRA and on-demand SI request preambles need to be reserved as well – when multiple UEs select the same beam, the probability of collision in preamble transmission increases.
Regardless of the NW configured SSB to RO mapping configuration, allowing UE to select multiple beams for possible preamble transmission will allow both more time domain ROs (when SSBs are not grouped to one RO) as well as bigger collision domain (when SSBs are grouped to share a RO). In the former case the UE could select multiple preambles corresponding to multiple beams and transmit in the first RO the corresponding preamble where the LBT succeeds. In the latter case where the same RO is shared among multiple beams, the UE could select randomly the preamble over the beams that are above the selection threshold similarly to Rel-15. Since the LBT is not directional (ie., performed in ‘omni’ mode), such option becomes attractive and enables more transmission opportunities of Msg1 similarly to frequency domain option.
Proposal 4: Support Random Access resource selection procedure where multiple beams and corresponding preambles can be selected for possible Msg1 transmission opportunities.
2.3	CBRA resources in conjunction with CFRA
In all the cases above where multiple preamble Tx opportunities are provided should also be considered in the context of CFRA. Dedicated preamble resources for the UE to perform the Random Access is a scarce resource to begin with, providing many of them to increase the possibility of LBT success will be much more resource consuming, especially, in use for example for BFR purposes where the CFRA resources are allocated for a single UE for a longer time period. Hence, it seems desirable to consider increasing the preamble transmission opportunities in case of CFRA by allowing UE to select also CBRA preambles on ROs that doesn’t come with CFRA preamble configuration for the given UE. For instance, certain LBT sub-band where the CFRA preamble is allocated may be continuously experiencing LBT issues in which case the CBRA can succeed faster in another LBT sub-band.
Proposal 5: Support UE selecting CBRA resources in conjunction with CFRA resources to increase the Msg1 transmission opportunities for Random Access procedure that comes with CFRA resources.
Whenever the preamble is then successfully transmitted over one of the ROs indicated to PHY, the MAC needs to be made aware of this RO to be able to properly start the ra-ResponseWindow as well as to monitor the correct RA-RNTI.
Proposal 6: Upon successful transmission, PHY indicates to MAC the RO that was used for preamble transmission.
3	Conclusions
This contribution discussed the different RA messages and how/if to provide more transmission opportunities in each of those and what should be considered. The following was observed and proposed:
Observation 1: Allowing multiple PRACH resources in frequency domain across multiple 20MHz LBT sub-bands will increase the possibility for successful preamble transmission due to independent LBT procedures.
Proposal 1: Support configuration of multiple PRACH resources in frequency domain spread across multiple 20MHz sub-bands.
Proposal 2: Support Random Access resource selection procedure where multiple preambles corresponding to different ROs across different 20MHz sub-bands can be selected for potential Msg1 transmission opportunities.
Proposal 3: At least for initial access from IDLE/INACTIVE mode, after the UE has selected one sub-band for transmission of Msg1, the RA cycle (Msg 1/2/3/4) is completed on the same sub-band.
Proposal 4: Support Random Access resource selection procedure where multiple beams and corresponding preambles can be selected for possible Msg1 transmission opportunities.
Proposal 5: Support UE selecting CBRA resources in conjunction with CFRA resources to increase the Msg1 transmission opportunities for Random Access procedure that comes with CFRA resources.
Proposal 6: Upon successful transmission, PHY indicates to MAC the RO that was used for preamble transmission.
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