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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

This contribution discusses the design consideration to the multiple PRACH transmission for NR-U.
2 Multiple Msg.1 Transmission
Discussion on RAN2 agreements
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. In ran2’s agreement, it claims this doesn’t preclude beam sweeping enhancement if decided for NR. In beam sweeping case, UE might not hold the best Tx beam in the initial access stage, so it might try different Tx beams by transmitting multiple preambles which can give UE more chances to access the system. The similar situation happened in NRU case, instead of the Tx beam, a UE now is not sure which RO is suitable (to have a successful LBT and a comparable access delay to licensed band) to transmit preamble. Thus, the multiple preambles before RAR could help such situation.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. This idea was proposed during NR Rel-15 licensed band for the motivation to provide better access probability to the UE without beam correspondence. For example, UE 1 cannot decide which beam is good enough for the UL transmission, so allowing UE to try multiple times before the RAR reception is a way to compensate the loss due to the beam uncertainty. In addition, as discussed in NR Rel-15, multiple Msg.1 will not only benefit the UE without beam correspondence, it will also help the UE with beam correspondence, e.g., UE 2, to increase the access possibility, and thus this feature is especially favorable to the latency sensitive scenarios, e.g., handover etc. 
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Fig. 1 – illustration of multiple msg.1
Now the similar thing happened to the unlicensed band, the extra LBT operation will increase the failure of the msg.1 transmission which in the end increases the access delay. So there should also be a way to compensate to this degradation of access latency. Thus, allowing UE to transmit more than one preamble at one RACH attempt is direction to achieve this goal as well.

Observation 1: using multiple msg.1 transmission could compensate the degradation of access latency caused by LBT failure. 

Though the benefits of allowing multiple msg.1 transmission is clear, the detailed design consideration of how such method works need carefully study. In the following discussion, some aspects of multiple msg.1 transmission are touched.
1 
2 
RACH resource determination
Multiple msg.1 transmissions signaling
In order to let the UE know multiple msg.1 transmission is allowed in the system. One flag type of indication could be used to explicitly inform the UE such feature is enabled. The other method is to re-use the configuration in SSB-RO mapping for the UE to derive the multiple msg.1 transmission. One example could be when gNB configures one SSB maps to multiple ROs in one mapping circle; a UE could implicitly determine the multiple msg.1 transmission is allowed. 
Regarding the number of allowed preamble transmissions for multiple msg.1 transmission. The straightforward way is to explicitly configure such number by a new parameter. Or as discussed above, using the configuration of one SSB maps to how many (i.e., N) ROs in one mapping circle could implicitly tell UE, how many preambles at most a UE can transmit for multiple msg.1 transmission before RAR subjective to the LBT results. E.g., N=4, which means one SSB maps to 4 ROs, and the UE could transmit at most 4 preambles before going to detect RAR if all the LBTs for the 4 ROs are successful.
Proposal 1: the signaling of multiple msg.1 and number of allowed transmissions could be explicitly or implicitly indicated to UE.
Preamble/beam determination
In random access, the UE has the freedom to select the preamble from the configured pool. Thus, for the multiple msg.1 transmission, there seems no motivation to ask UE to select different preamble for the transmission different RO. As for the initial access, the gNB could not identify which UE is transmitting, so it will treat the detected preamble from different ROs to be separate UE(s), so that selecting the same or different preambles for the multiple ROs will be not much difference in terms of getting detected by gNB. 
In addition, regarding the beam determination for the multiple msg.1 transmission, as aforementioned, for UE with or without beam correspondence, the beams selected for these multiple preamble transmission could be either same or different. Since during the initial access stage, gNB has no information on whether these UE has beam correspondence or not, it could be up to UE implementation to determine the beam for the multiple msg.1 transmission.
Proposal 2: UE should use the same preamble for multiple msg.1 transmission and the selection of beam(s) could be up to UE implementation.
Transmission related consideration
Power control
There is a possibility that UE could detect more than one SSB(s) above the threshold which could be candidate DL beams for the RO selection. For Rel-15 NR, it defines that it’s up to UE implementation to select any SSB that is above the threshold. For the multiple msg.1 transmission, whether allow UE to select multiple SSBs thus UE could utilize the ROs associated with more than one SSBs. The benefit is that even if the gNB configures one2one mapping between SSB-RO, the multiple msg.1 transmission could still be enabled. But this will certainly complicated the power control for preamble transmission, e.g., the UE needs to prepare different Tx power for different RO due to the different PL estimation for each SSB. So such feature needs further study.
Proposal 3: whether allow UE to select multiple SSBs need further study.
Maximum Preamble transmission 
For single msg.1 transmission, it’s very straightforward that one preamble transmission is equivalent to one RACH attempt, so that the preamble transmission counter could represent how many times the UE tries to access the network. The preamble transmission counter could only be incremented by 1 when during RACH re-attempt (e.g., fails in the RAR or Msg.4 contention). However, for the multiple msg.1 transmission, each RACH attempt may consist of multiple preambles, thus if we still increment by 1 when during RACH re-attempt, it may not fully reflect how many times the UE tried for random access. Thus, how to differentiate the counting the preamble transmission and RACH attempts need to be studied.

Proposal 4: how to differentiate the counting the preamble transmission and RACH attempts need to be studied.

Random access response related consideration
Once the UE transmitted the preamble(s), it will start to monitor the random access response from gNB after a certain time from the end the last OFDM system of last transmitted preamble. The problem is that now UE may have multiple RA-RNTIs for the monitoring. Even though single RAR will be simpler but there is a possibility of multiple RARs sent by gNB since the gNB could not tell the detected preambles are from same UE or not. Thus from a UE point view, it may have several choices:
1. If the UE detects one matched RAR, it stops monitoring, and proceeds with msg.3 transmission with the resource indicated by the RAR;
2. If the UE detects one matched RAR, it may continue monitoring the PDCCH in the window,
a) If at the end of the window, UE only detects one matched RAR, it proceeds with msg.3 transmission with the resource indicated by the RAR
b) If at the end of the window, UE detects more than one matched RAR; since the UE is still not resolve the contention yet, so UE could randomly select one of the RAR to proceed with msg.3 transmission with the resource indicated by the selected RAR. 
Proposal 5: if UE detects more than one matched RAR, UE could randomly select one of them to proceed with msg. 3 transmission.
3 Conclusion
The proposals made in this contribution are summarized below:
Observation 1: using multiple msg.1 transmission could compensate the degradation of access latency caused by LBT failure. 
Proposal 1: the signaling of multiple msg.1 and number of allowed transmissions could be explicitly or implicitly indicated to UE.
Proposal 2: UE should use the same preamble for multiple msg.1 transmission and the selection of beam(s) could be up to UE implementation.
Proposal 3: whether allow UE to select multiple SSBs need further study.
Proposal 4: how to differentiate the counting the preamble transmission and RACH attempts need to be studied.
Proposal 5: if UE detects more than one matched RAR, UE could randomly select one of them to proceed with msg. 3 transmission.
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