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1 Introduction
During the NR SI, the following was agreed [1]

“NR defines that 
-
a random access preamble format consists of one or multiple random access preamble(s),

-
a random access preamble consists of one preamble sequence plus CP, and

-
one preamble sequence consists of one or multiple RACH OFDM symbol(s) 

UE transmits PRACH according to the configured random access preamble format.”

“For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam.”

“At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam. Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices. A preamble index consists of preamble sequence index and OCC index, if OCC is supported. Note that a subset of preambles can be indicated by OCC indices..”
“NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window.”

Furthermore, during RAN#88, the following was agreed [2]:
Agreement:
· 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
During RAN1 AH Jan 2017 the following was agreed [3]:

Agreement:

· For 4-step RACH procedure, 

· NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window

· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises

In this contribution, we discuss considerations for RACH configuration to enable multiple Msg1 transmission for one monitored RAR window.  

2 Discussion
It has been agreed that Msg1 is transmitted using the configured PRACH preamble format with a single particular UE TX beam selected by the UE. With TX/RX beam correspondence, a UE can determine a UE TX beam for Msg1 transmission based on the received downlink beam, for example, the downlink beam with the best received SS block.  The UE can monitor Msg2 transmission using the same selected downlink beam.  

However, without TX/RX beam correspondence, a UE does not have necessary information for the TX beam selection and as a result the UE can do the following: 
Alternative 1:

· Randomly select a TX beam for Msg1 preamble transmission using RACH resource and/or preamble index selected from the pre-configured subset associated with a selected downlink beam based on the downlink beam measurement, for example, SS block quality of the downlink.

· Monitor Msg2 RAR transmission in the selected downlink beam (the TRP upon detection of the Msg1 transmission will transmit Msg2 in downlink beam indicated by the RACH resource and/or preamble index)  
· Re-transmit Msg1 preamble using a different TX beam and the same RACH resource and/or preamble index and same power setting

Alternative 1 thus employs a UE TX beam sweeping over re-transmitted preambles and can increase the latency of the initial access, as each re-transmitted preamble using a different beam is associated with a RAR window with a size up to for example ten sub-frames.  It can also increase the UE processing for RAR monitoring.  
Observation 1:
UE TX beam sweeping over Msg1 preamble re-transmission increases the initial access latency and complexity. 

Alternative 2 as shown in Figure 1:

· Select a set of UE TX beams that are uncorrelated spatially to each other, for example, beams from antenna array panel oriented toward different directions or beams from the same panel but directed toward different directions.   

· Transmit Msg1 preambles at consecutive RACH transmission occasions.  Each Msg1 transmission applies one UE TX beam from a selected set of TX beams and uses the RACH resource and/or preamble index from the sub-set determined based on the selected downlink beam. 
· Monitor Msg2 RAR transmission in the selected downlink beam.  The timing of RAR window is determined based on the first RACH transmission occasion.    
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Figure 1 Multiple Msg1 transmissions using UE TX beam sweeping with one RAR window
Alternative 2 basically enables a UE TX beam sweeping over multiple RACH transmission occasions before starting RAR monitoring and thus reduces the required latency.
The RACH configuration can include the number of RACH transmission occasions allowed for each monitored RAR window and the interval between the RACH transmission occasions for example using a RACH transmission occasion set.  Certain UEs may support a number of TX beams less than the configured number RACH transmission occasions and in this case the UEs can repeat the same TX beams for multiple Msg1 transmissions.  

Observation 2: Multiple Msg1 transmissions for one monitored RAR window can cause ambiguity when:

· TRP detects Msg1 transmission in the middle of UE TX beam sweeping

· TRP detects Msg1 transmissions from one UE in multiple beams
It is important that a TRP is able to determine the time instance of the 1st RACH transmission occasion when it detects a Msg1 transmission in the middle of a UE TX beam sweeping. So the TRP can transmit a RAR corresponding to Msg1 transmissions in one UE TX beam sweeping.  This can also be helpful to avoid ambiguity when a TRP receives identical Msg1 transmissions in different UE TX beams without knowing they are from the same UE.  
The RAR window configuration can thus base on the time instance of the 1st RACH transmission occasion, the number of configured transmission occasions and the time interval between them.  The configuration can use certain restriction (for example modular operation based on the number of configured RACH transmission occasions) for a TRP to determine the time instance of the 1st RACH transmission occasion based on any detected Msg1 transmission received during the UE TX beam sweeping.  A UE can also calculate a RA-RNTI based on these parameters for RAR monitoring.  As a result, upon detection of Msg1 transmission during the UE TX beam sweeping, the TRP can transmit a RAR with timing reference to the 1st RACH transmission occasion.  Furthermore, the RAR can include the index of the RACH transmission occasions to indicate to UE which UE TX beam is received so that the UE may use the same TX beam for Msg3 transmission.  
Proposal 1:
Support RACH configuration that enables multiple Msg1 transmissions for one monitored RAR window.  
3 Conclusion

This contribution discusses considerations for multiple Msg1 transmissions for one monitored RAR window in RACH procedure.  The following observations are made:

Observation 1:
UE TX beam sweeping over Msg1 preamble re-transmission increases the initial access latency and complexity. 

Observation 2: Multiple Msg1 transmissions for one monitored RAR window can cause ambiguity when:

· TRP detects Msg1 transmission in the middle of UE TX beam sweeping

· TRP detects Msg1 transmission from one UE detected in multiple beams
The proposals based on the discussions above are summarized below:
Proposal 1:
Support RACH configuration that enables multiple Msg1 transmissions for one monitored RAR window.  
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