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Introduction
From RAN1 ad hoc [1] and RAN1 #88 meetings, the following agreements related to RACH procedure are draw:
Agreed Definition:
· 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 
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 considers aspects of NR 4-step random access procedure for multi-beam operations. Particularly, the need of multiple RACH transmission occasions for contention based case is analyzed and related pros and cons are discussed. 
RACH Tx occasion configuration
According to the latest agreement on RACH configuration, basically there will be two kinds of options available:
· Option 1: allow ONLY one RACH transmission occasion before end of RAR reception window, as one example illustrated in Fig. 1. 

 Fig. 1 only one RACH transmission occasion (per DL Tx beam) before RAR window
· Option 2: allow multiple RACH transmission occasions before end of RAR reception window, as one example illustrated in Fig. 2. Note that different RACH transmission occasions could be configured in time domain and/or frequency domain.

 Fig. 2 two RACH transmission occasions (per DL Tx beam) before RAR window
If the gNB configures only one RACH transmission occasion before a RAR window, which indicates both UEs with and without Tx/Rx beam correspondence have to transmit the preamble(s) with only one UL Tx beam. Clearly, for UE with Tx/Rx beam correspondence; this is applicable as it could determine its UL Tx beam for Msg. 1 transmission based on the DL measurement. However, for those UEs without Tx/Rx beam correspondence, a random selection should be performed to decide which UL Tx beam is to use. In a long term view, those UE will need to try many times before getting accessed, which the performance is significantly sacrificed. Moreover, as the increase of Msg. 1re-attempt times, the interference level (collision probability) experienced by UE with Tx/Rx beam correspondence will be lifted as well. In sum, the configuration of only one RACH transmission occasion could have:
	
	UE with Tx/Rx beam correspondence
	UE without Tx/Rx beam correspondence

	Benefits
	Relatively small access latency
	Operation simplicity

	Drawbacks
	Relatively high interference level (collision probability)
	· Multiple RACH attempts with RAR detection for each attempt
· Relatively large access delay
· Relatively high interference level (collision probability)



On the other hand, if gNB configures multiple RACH transmission occasion before a RARwindow, which indicates UE without Tx/Rx beam correspondence could try different UL Tx beam and such operation could reduce the latency of being accessed. In the case of handover, the configuration of multiple RACH transmission occasions could be very preferable for these UEs who are without Tx/Rx beam correspondence but in the connected mode. Because such UEs  could switch to a new cell in an efficient way by trying different UL Tx beams before RAR window, then the handover latency could be reduced. For the UE with Tx/Rx beam correspondence, it could autonomously select one RACH occasion to transmit its Msg. 1. Note that this does not necessarily cause the access delay for the UE with Tx/Rx beam correspondence, as shown in Fig.1 and Fig. 2, if the gNB has enough resource, it could configure the multiple RACH transmission occasion still within same TTI duration as that in the case of configuring just one RACH occasion, due to the position (start time and end time) of RAR reception window is the same, the access latency is basically the same. In sum, the configuration of multiple RACH transmission occasion could have:
	
	UE with Tx/Rx beam correspondence
	UE without Tx/Rx beam correspondence

	Benefits
	· Diversity gain due to multiple RACH transmission occasion available
· Relatively small interference level
	· Able to try different UL Tx beams to obtain relatively low latency
· Relatively small interference level

	Drawbacks
	· Possibly increased access delay
· Relatively increased operation complexity
· Larger resource consumption.
	· Relatively increased operation complexity
· Larger resource consumption.



Generally, with the analysis of different RACH configurations for different cases in [2], it’s clear to see that the design of RACH procedure for each case has more or less some difference. However, in the practical scenarios, 
•	gNB has no information about UE’s beam correspondence. 
•	UEs with and without beam correspondence both exist.
The design of random access procedure targets to allow all UE access the network with fairness. Thus, though striving for commonalities, the RACH procedure design for multi-beam operation should not significantly sacrifice any types of UE.
Proposal 1: When striving for commonalities, the RACH procedure design should not significantly sacrifice any types of UE regarding the capability of Tx/Rx beam correspondence.
As the common understanding that the Tx/Rx beam correspondence is the capability of UE and both UE with and without such capability are exist in practical scenario, it is very important for the gNB have the flexibility to serve both types of UE without sacrificing either of them. The gNB could configure the number of RACH transmission occasions based its capability or measurement. For example, if based on the latest network load information, it shows that many served UE in this cell are without Tx/Rx beam correspondence, thus the configuration of multiple RACH occasion is a reasonable choice. Or if gNB has no enough time-frequency resource for random access, then the configuration of only one RACH occasion will be a natural decision. To sum it all, it would be beneficial for the gNB to have the flexibility to configure the number of RACH transmission occasions before a RAR window.
Proposal 2: NR supports configurable number of RACH transmission occasions before a RAR window.  
Conclusion
In this contribution, considerations on NR 4-step RACH configuration for contention based scenario are presented. In particular, the following are proposed:
Proposal 1: When striving for commonalities, the RACH procedure design should not significantly sacrifice any types of UE regarding the capability of Tx/Rx beam correspondence.
Proposal 2: NR supports configurable number of RACH transmission occasions before a RAR window. 
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