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1 Introduction
In RAN1 meeting 94bis[1], the following agreements regarding the time/freq-domain enhancements for NRU RACH resources were made: 
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

In RAN1#96 [6], following agreements on LBT cat for PRACH:

 Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

In RAN1#96bis [7], following agreements on PRACH has been draw:

Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

This contribution discusses the pros and cons of proposed possible enhancement to the RACH resource configuration for NRU.
2 Time and Frequency Enhancements for RACH Resources
2.1 Frequency-domain enhancement
It is proposed to have multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA. Since it has already been agreed that the initial active UL BWP is (approximately) 20 MHz and that LBT will be performed in units of 20 MHz for NR-U, performing LBT on a per sub-band basis for NR-U PRACH will have minimal channel access benefit for initial access UEs. Because anyway the UE for initial access could only sending PRACH from the IAU BWP, so that configuring multiple PRACH across the BWPs did not make much help for the initial access UE. For connected UE, we may need further study how it should be done when the BWP is more than 20Mhz but the LBT is performed per 20Mhz. Besides, if 30-KHz is used for PRACH and each PRACH occupies 12PRB, a maximal 96PRB will be needed when the FDMed RO is 8, which is already larger than 20Mhz and across multiple LBT sub-bands.
Observation 1: the frequency-domain enhancement did not have much benefit for initial access and need further study for connected UEs.
2.2 Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
This method intends to schedule a new RACH resource (which is not PRACH) to a connected UE by using DCI, and tries to exploit the merit of the TXOP when gNB occupies the channel. Since CAT-4 LBT with first priority will be used in the regular PRACH while the PRACH within a DL initiated COT could use 25us LBT, it seems an advantage to using the PRACH within a DL initiated COT. However, such method is suffering from a fundamental constraint of unlicensed operation. Since the DL initiated COT is usually in the level of several milliseconds, even if a UE succeed in the LBT and did send out the preamble, such UE will need to search the feedback from gNB after transmitting the preamble, so that if UE fails in this new RACH attempt, it cannot find another RACH resource to continue with this RACH procedure. This is common issue for random access, even if for a contention free random access in a licensed spectrum (which equals a 100% LBT success all the time), there is no guarantee of the reliability of one shot RACH attempt. Thus, the benefits of such one-time new RACH resource which is still subject to the result of a LBT (even though a CAT-2 LBT) are not clear. In addition, the new RACH resource will increase the gNB operation complexity, e.g., if such RACH resource is FDMed with other UL transmission, it will require gNB to use additional filter or buffer to handle the separate RACH detection. If the triggering event for this RACH procedure has higher priority than others, it might be worthy to spend this addition effort, but the NRU PRACH triggering event is not superior to any of that for licensed band.
Observation 2: the benefits of scheduling the new PRACH resources via DCI are not clear.

b. For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
As already noted in the agreement, such method will be highly unfriendly to resource utilization. This often causes the PRACH resource reserved in multiple cells and expected such UE could utilize only one of them. Besides, suffer from the same necessity of the LBT operation, even the UE is actually trying to use such resource, it may not be successful due to the LBT failure. If we make the paging configured RACH resource to be periodically presented, it will worsen the waste of the resource utilization and increase the gNB detection burden.

c. Additional, new RACH resources are used immediately following detection of DRS transmission
This method is somehow similar to the method (a), which will configure the new RACH resource and try to utilize the benefits when gNB successfully occupy the channel. However, this method is only experiencing the same drawback of method (a), like the new RACH resource is still one time and usage of such resource will be dependent on the LBT results, it suffers another potential issue: the collision/contention between the UEs. As the resource is configured to after the DRS transmission, if it’s configured a CFRA resource like using DCI triggered PRACH, it is the just a special case of method (a). But if it’s configured as CBRA resource shared by initial access UE and even connected UE, the collision probability in such new RACH resource will be expected much higher than that of regular RACH resource. This is because, as discussed in (a), the TXOP of the DRS transmission is limited, not many RACH could be configured, so that UEs will have limited choice of selecting the RO so that collision probability will be higher.

d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
In RAN2 last meeting, it has following agreements:
According to their discussion, their concerns on multiple msg.1 transmission are that it will lead to multiple RACH procedure, which will complicate the MAC operations and also against the common understanding that only one RACH procedure is going on at one time. However, the multiple msg.1 here we discussed is not for multiple RACH procedures, but for a single RACH procedure which could provide more transmissions for preambles.From MAC perspective, multiple msg1 transmissions are not supported (does not preclude beam sweeping enhancement if decided for NR)

This method intends to allow UE to transmit multiple msg.1 during one RACH attempt before Msg.2 reception. Because of the unlicensed operation, the extra LBT operation will increase the failure of the msg.1 transmission which in the end increases the access delay. So there should be a way to compensate to this degradation of access delay. Thus, allowing UE to transmit more than one preamble at one RACH attempt is direction to achieve this goal. Note that such method will be based on the multiple time-domain RACH opportunities, which discussed in the section 4.3 in [4]. Firstly, the UE should see there could be a LBT chance to each of the RO first. For Rel-15 NR, the MAC layer will first select one RO and inform the PHY to transmit, but in NR-U, it should be PHY layer tries the LBT first, and tell MAC layer or PHY decides which RO(s) are fine to transmit. More details on the design of Multiple PRACH transmission could be found in [5].  

e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
This method allows system to configure multiple consecutive ROs in time domain associated with the same SSB, and an associated LBT can be performed before each RO (there can be gap symbol(s) between neighbouring ROs among the consecutive ROs to account for LBT overhead). As a result, a UE can be configured with multiple consecutive time-domain ROs for RACH attempt, which can also increase the transmit opportunities for Msg1. Figure 1 gives such an example where each SSB is configured with 4 consecutive ROs (a group of ROs) in the time domain (with LBTs associated to each RACH occasion), and two sets of FDMed ROs in the frequency domain. 


Fig. 1 – example of Group wise SSB-to-RO mapping.
Proposal 1: NRU should prioritize the time domain enhancement (d)(e).
3 Conclusion
The proposals made in this contribution are summarized below:
Observation 1: the frequency-domain enhancement did not have much benefit for initial access and need further study for connected UEs.
Observation 2: the benefits of scheduling the new PRACH resources via DCI are not clear.
Proposal 1: NRU should prioritize the time domain enhancement (d)(e).
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