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1. Introduction 
In RAN1#88bis meeting, the following agreements on multi-beam operation for 4-step random access (RA) procedure were made [1]:

Conclusions:

· NR studies following beam management options for RACH procedure:

· Beam refinement procedure during Msg2

· Note: P-2/P-3 procedure can be considered for beam refinement

· Reporting of DL TX beam indices in Msg3

· Note: reported beams could be SS block indices and/or CSI-RS beam indices of P-2 procedure performed during Msg2

· RACH procedure using an association between CSI-RS for L3 mobility and subset of RACH resources and/or subset of RACH preamble indices
· Beam refinement procedure before Msg2 by utilizing CSI-RS for L3 mobility

· Beam refinement procedure during or after Msg4 by configuration in RACH message

· Reporting UE capability on beam correspondence by RACH procedure
· Other options are not precluded

· Above procedure can be turned on/off by system information

In RAN1#88 meeting, these agreements on transmission multiple Msg.1 were made [2]:
Agreements:

· For contention-free random access, the following options are under evaluation

· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window

· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1

· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices

· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window
This contribution discusses on the aforementioned 4-step RA procedure aspects, specifically on transmission multiple Msg.1 before RAR, and beam assistance indication.
2. Discussion
Multiple-beam operation for RACH transmission can be supported in both gNB and UE for example for the NR mmWave operation. It is illustrated in Fig.1 below. We can assume the number of beams in the UE is less than in the gNB. This is mainly due to the limited number of antenna elements and/or arrays (e.g. in total 16 antenna elements). Considering the availability of multiple-beam in both gNB and UE, the main challenge is to obtain a beam alignment for each RACH transmission. 
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Figure 1: Multi-beam operation in gNB and UE

Multiple Transmission of Msg.1

In contention-based PRACH, the preamble index is selected by the UE and the gNB does not know this information on the selected preamble index. Transmission of multiple Msg. 1 (prior to the RAR message) poses several issues, such as the gNB could response multiple RARs to the same UE. 
In contention free-based PRACH, the situation is different. The gNB provides PRACH preamble configuration (e.g. preamble index) to the UE. In case the UE transmits multiple Msg.1, the gNB is aware that the Msg.1/preambles comes from the same UE. Therefore, the issues observed in the contention-based PRACH as mentioned above can be avoided.
We consider the transmission of multiple Msg.1 can be a consecutive transmission in time domain and it can also be performed using different frequency resources. The RACH resources (frequency and time) are configured by the gNB. These are reflected as option 2 and option 3 in the previous meeting agreements [2]. At the UE side, simultaneous Msg.1 transmission using different frequency resources at the same time can be performed by the operation of digital/hybrid beam-forming. Thus, from a UE hardware implementation perspective we think that this is feasible. 
The motivation for transmitting multiple Msg.1 is to improve reliability. In addition to that, the transmission of multiple simultaneous Msg.1 can significantly reduce the latency. This would be beneficial for some use cases and/or specific UE (e.g URLLC UE). Transmission of multiple simultaneous Msg.1 using different frequency resources would increase the transmission bandwidth and thus increase the peak-to-average ratio (PAPR) of the transmitted signal. However, this should have been anticipated, especially in eMBB/URLLC UE implementation.
Proposal 1: In contention-free based random access, transmission of multiple simultaneous Msg.1 can use different resources in time and/or frequency. This can reduce the latency and improve reliability.
Transmit Beam Assistance Operation
It has been agreed that for transmission of Msg. 1, the UE uses the same UL Tx beam for multiple/repeated Msg. 1 transmission. Then, the gNB may perform receive beam sweeping to identify the best RX beam so that Msg.1 can be successfully received. 
For the subsequent transmission, Msg.2, we propose the gNB provides an indication to the UE on the used best gNB received beam for Msg.1. This information can be used by the UE to determine the UE Tx beam for Msg.3. For example, the UE uses UE Tx beam that is suitable for this gNB Rx beam (when it is allocated by the gNB). 
In practice, for the UE Tx beam of Msg.3 the UE typically can use the same beam as UE Tx beam of Msg. 1. However, Msg3 transmission characteristic is not the same as Msg1 where Msg.1 can be transmitted in multiple/repeated transmission. Moreover, due to possible blocking and/or mobility, further beam direction / beam refinement can still be needed at the UE side for Msg3 transmission. 
In presence of UE beam correspondence, the UE Tx beam transmission for Msg.3 can re-use the previous UE Rx beam (e.g. reception of Msg.2 transmission). This proposal can also be useful in the case of no beam correspondence at the UE side. Thus, the UE Tx beam determination can be assisted by the gNB.
Proposal 2: The gNB can provide beam assistance in Msg.2 transmission (e.g. indication on the used gNB received beam for Msg.1/RACH occasion) that can be used for UE Tx beam direction refinement (i.e. for Msg.3 transmission). 

A similar approach can be applied so that the subsequent RACH transmission from the gNB to UE (Msg.4 downlink transmission) can get the benefit from having Tx beam assistance. This is particularly when there is no beam correspondence at the gNB. In this case, we consider the UE also indicates the best gNB Tx beam In the Msg.3 transmission. 
The UE can obtain this information based on the SS-block-RSRP measurement. The SS-block that is periodically transmitted and use different beam can be used for the RSRP measurement [1]. Thus, the UE can identify the SS-block / beam that provide best RSRP measurement.
Proposal 3: The UE can provide beam assistance in Msg.3 transmission (e.g. based on SS-block RSRP measurements) that can be used for gNB Tx beam direction refinement (i.e. for Msg.4 transmission).  

3. Conclusion
In this contribution, we have provided our considerations on RACH procedure for multi beam operation for NR and conclude on the following proposals:
Proposal 1: In contention-free based random access, transmission of multiple simultaneous Msg.1 can use different resources in time and/or frequency. This can reduce the latency and improve reliability.
Proposal 2: The gNB can provide beam assistance in Msg.2 transmission (e.g. indication on the used gNB received beam for Msg.1/RACH occasion) that can be used for UE Tx beam direction refinement (i.e. for Msg.3 transmission). 

Proposal 3: The UE can provide beam assistance in Msg.3 transmission (e.g. based on SS-block RSRP measurements) that can be used for gNB Tx beam direction refinement (i.e. for Msg.4 transmission).  
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