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1. Introduction 
In RAN1#88 meeting, these agreements on transmission multiple Msg.1 were made [1]:
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
The following agreements related to RACH procedure with beam assistance were reached in RAN1#87 meeting [2]:

Agreements:
· In RACH procedure, the followings are considered at least for UE in idle mode:

· UL Tx beam for Msg. 3 transmission is determined by UE, 

· UE may use the same UL Tx beam used for Msg. 1 transmission.

· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded
Furthermore, these agreements on Msg.1 retransmission were obtained in RAN1 adhoc meeting [3]:

Agreement:

For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
This contribution discusses some remaining open issues on 4-step RACH procedure for multi-beam operation, specifically on transmission multiple Msg.1, beam assistance indication in Msg.2, and the retransmission of Msg.1
2. Discussion
Multiple-beam operation for RACH transmission can be supported in both gNB and UE as shown 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). The main challenge is to obtain a beam alignment for each RACH transmission. Beam sweeping either in gNB or UE is one of the methods to obtain the best beam.
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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 decided by the UE and the gNB does not know the selected preamble index by the UE. Transmission of multiple Msg. 1 from a UE (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.
We consider the transmission of multiple Msg.1 can be a consecutive transmission in time domain and it can also be a multiple simultaneous Msg.1 transmission 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 [1]. The motivation of transmission multiple Msg.1 is to improve latency and 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: Transmission of multiple simultaneous Msg.1 using different frequency resources can be allowed to some UEs since it can reduce the latency and improve reliability.
Transmit Beam Assistance of Msg. 3

It has been agreed that for transmission of Msg. 1, the UE uses the same UL Tx beam for multiple / repeated Msg. 1 transmission [1]. Then, the gNB may perform receive beam sweeping to identify the best RX beam so that it the Msg.1 from the UE can be 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, the UE typically can use the same beam as UE Tx beam of Msg. 1 for the UE Tx beam of Msg.3. 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. This is the purpose of the beam indication signaling in Msg2.

Proposal 2: The gNB provides beam assistance (i.e. indication on the used gNB received beam for Msg.1) in Msg.2 transmission that can be used for UE Tx beam direction refinement.
Retransmission of Msg. 1
Prior to the random access procedure, the UE has already performed several initial processes, such as synchronization, acquiring broadcast signalling and decoding system information. Therefore, the UE can be assumed to have some knowledge regarding the degree of beam alignment with the gNB. It is expected the UE to use this beam direction a-priori information for the Msg.1 transmission. Nonetheless, it is not guaranteed that this selected beam would be the best beam to allow the Msg.1 transmission to be successfully received by the gNB.

In case the gNB does not receive the Msg.1 transmission and/or the UE does not receive the Msg.2 / RAR, the UE is expected to retransmit Msg.1. In legacy LTE, the UE retransmits Msg.1 with higher transmit power (power ramping). In NR, non-aligned UE Tx beam and gNB Rx beam can cause there to be significantly lower received signal at the gNB due to the gNB operating with a narrow beam as illustrated in Fig.2. In practice, it is expected that the UE beam is relatively wider than the gNB beam because of the limited number of antennas at the UE side. 

In the scenario shown where there is beam misalignment between gNB and UE, re-transmitting the beam carrying Msg.1 at a higher power is not necessarily going to lead to successful reception of Msg.1: there is no point transmitting a higher power beam in a direction that is not going to be received by the gNB. In addition, transmitting at higher power can potentially cause interference to other UEs.

It may be more appropriate to transmit Msg.1 with a different beam configuration (e.g. a different beam direction or different beam width) and maintain the same power (i.e. the counter of power ramping remains unchanged). In the scenario where Msg.1 retransmission occurs, we consider that the UE can update its beam configuration, such as changing the beam direction (beam-switching) or changing the beam width. 

The UE decides the UE Tx beam direction / beam width for Msg.1 re-transmissions. It can be based on a set of selected possible UE Tx beam directions / beam widths and it can also be based on UE downlink measurements. Nevertheless, these aspects are UE implementation issue as highlighted in [2].
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Figure 2: Msg 1 retransmission with beam switching
Proposal 3: If the UE conducts beam switching for Msg.1 retransmission, the counter of power ramping remains unchanged.
The multiple beam operation is expected to be used for the carrier frequency above 6 GHz (mmWave). In such a scenario, the cell size is expected to be relatively small, compared to typical legacy LTE deployments. It could be the case that the set of power ramping options can be very limited or even the case that UE has already transmitted Msg.1 with maximum Tx power. However, if the UE is in a situation where power ramping is still possible (e.g. the initial Msg.1 was not transmitted at maximum TX power), we think that the UE should still have the option of power ramping the Msg. 1 transmission. Hence, we propose that the UE performs Msg.1 retransmission with beam-switching from the set of beams as the first option, according to proposal 3. If retransmission is still needed, the UE can increase the counter of power ramping and thus increasing the transmit power (when the UE is capable of transmitting with a higher power).

Proposal 4: If retransmission is still needed after Msg.1 retransmission using beam switching, the UE can increase the counter of power ramping (when it is still allowed). 
3. Conclusion
In this contribution, we considered the RACH procedure for multi beam operation for NR and conclude on the following proposals:
Proposal 1: Transmission of multiple simultaneous Msg.1 use different frequency resources can be allowed to some UEs since it can reduce the latency and improve reliability.
Proposal 2: The gNB provides beam assistance (i.e. indication on the used gNB received beam for Msg.1) in Msg.2 transmission that can be used for UE Tx beam direction refinement.
Proposal 3: If the UE conducts beam switching for Msg.1 retransmission, the counter of power ramping remains unchanged.
Proposal 4: If retransmission is still needed after Msg.1 retransmission using beam switching, the UE can increase the counter of power ramping (when it is still allowed). 
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