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1. Introduction 
In RAN1 NR adhoc meeting, the following agreements on multiple Msg.1 before RAR in 4-step random access (RA) procedure were made [1]:

Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.

· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access

· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 

In RAN1#88bis meeting, RAN1 discussed multi-beam operation for 4-step random access (RA) procedure and made these conclusions [2]:

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

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
2.1 Multiple Transmission of Msg.1
In contention free-based PRACH, 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. The transmission in time domain can be as baseline / default option considering it is quite common to have multiple RACH resources in time domain. In case a gNB is configured with sufficiently wider bandwidth, multiple RACH resources in both frequency/time can be supported. In such scenario, simultaneous Msg.1 transmission using different frequency resources should be supported. This operation will provide benefit with a possibility to obtain frequency diversity gain. 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. Some UEs that support multiple panels can support simultaneous transmissions with more than one beam. We consider some UEs may have limited hardware constraints and some other UEs have more flexibility. Thus, from a UE hardware implementation perspective we think that this is feasible. 

The main motivation for transmitting multiple Msg.1 is to improve reliability. In addition to that, the transmission of multiple simultaneous Msg.1 can also significantly reduce the latency. This would be beneficial for some use cases (e.g. high mobility UE) 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.
Figure 1 below shows an illustration on the benefit of using frequency domain resources. Here, Msg.1 transmission using multiple RACH occasions before random access response (RAR) window is shown. The total transmission time of Msg. 1 until the RAR window for time domain operation is denoted as T1 and T2 for the frequency domain case. It can be observed that T2 is smaller than T1 and this is good for the use cases where low latency is required. Thus, the usage of frequency domain resources can be an optional feature in case both network and UE support this operation. This operation is configured and controlled as part of the RACH configuration.

[image: image1.emf]Time

F

r

e

q

u

e

n

c

y

R

A

C

H

o

c

c

a

s

i

o

n

R

A

C

H

o

c

c

a

s

i

o

n

RA

Response

window

T1

R

A

C

H

o

c

c

a

s

i

o

n

Time

F

r

e

q

u

e

n

c

y

R

A

C

H

o

c

c

a

s

i

o

n

R

A

C

H

o

c

c

a

s

i

o

n

R

A

C

H

o

c

c

a

s

i

o

n

RA

Response

window

Gap

T2

Gap

Multiple Msg.1 transmission using time domain

Multiple Msg.1 transmission using frequency domain


Figure 1: Options on Multiple Msg.1 Transmission
Proposal 1: In addition to the usage of time domain resources in contention-free based random access, the transmission of multiple simultaneous Msg.1 using different resources in frequency domain can be optionally supported. This can reduce the latency. 
2.2 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 or the used RACH occasion. This information can be used and assist the UE to determine the UE Tx beam for Msg.3 transmission. 
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 Msg.1 particularly, 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. This operation is illustrated in Figure 2.
Proposal 2: In case of multiple/repeated Msg.1 transmission, the gNB can provide beam assistance in Msg.2 transmission (e.g. indication on the used gNB received beam for Msg.1 or the used RACH occasion) that can be used for UE Tx beam direction refinement (i.e. for Msg.3 transmission). 
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Figure 2: Illustration of Beam Assistance Operation
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. In this case, we consider the UE also indicates the best gNB Tx beam and/or selected best beams (e.g. SS block index) 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 [2]. 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).  

2.3 Msg.3 retransmission and Msg.4 (re)transmission
Since LTE UL supports synchronous HARQ, retransmission of LTE PUSCH is controlled by PHICH and retransmission of Msg.3 also follows this rule. On the other hand, in NR, it was agreed that NR UL supports asynchronous HARQ. Considering that Msg.3 is carried by PUSCH, it is straightforward to support asynchronous HARQ for Msg.3 transmission, which means Msg.3 retransmission is scheduled by PDCCH. For resource of this PDCCH transmission, CORESET indicated by NR-MIB can be reused. Moreover, since Msg.2 contains temporary C-RNTI, PDCCH for Msg.3 and Msg.4 can be transmitted by UE-specific search space. Once Msg.3 is transmitted, UE monitor PDCCH scheduling Msg.3 retransmission or Msg.4 (re)transmission on USS until contention resolution timer is expired.
Proposal 4: Msg.3 retransmission and Msg.4 (re)transmission can be scheduled by PDCCH on UE-specific search space on CORESET indicated by NR-MIB.
3. Conclusion
In this contribution, we have provided our considerations on 4-step RACH procedure for multi beam operation for NR and conclude on the following proposals:
Proposal 1: In addition to the usage of time domain resources in contention-free based random access, the transmission of multiple simultaneous Msg.1 using different resources in frequency domain can be optionally supported. This can reduce the latency.
Proposal 2: In case of multiple/repeated Msg.1 transmission, the gNB can provide beam assistance in Msg.2 transmission (e.g. indication on the used gNB received beam for Msg.1 or the used 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).  

Proposal 4: Msg.3 retransmission and Msg.4 (re)transmission can be scheduled by PDCCH on UE-specific search space on CORESET indicated by NR-MIB.
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