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1. Introduction

In NR, random access procedure should support single-beam and multiple-beam operations in a unified framework. Various design schemes have been discussed focusing on how to effectively enable multiple-beam operation. In RAN1#87 meeting [1], we made some progress for random access procedure and the following agreements were achieved:
	Agreements:
· UE Tx beam(s) for preamble transmission(s) is selected by the UE.

· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.

Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3

· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
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

Agreements:
· NR supports the following procedure(s) for msg1 re-transmission

· Down selection or combination of power ramping, UE beam switching, and RACH resource switching

· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources

· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams

· Other options for all frequency ranges are not precluded.




There are still lots of open issues, especially for the multiple beam operation. So in the contribution we will discuss some remaining issues based on the above agreements. 
2. Discussion
It has been agreed that “During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.” Based on the agreement, if the network informed UE to transmit N multiple/repeated preambles in on RACH transmission, the network can sweep UL Rx beams to determine a best receive beams. 
For a UE with multiple Tx beams, the remaining issue is how to sweep the UL Tx beams to:
1. Ensure a relative good reception of PRACH at gNB

2. Facilitate UL Tx beam selection
There are two options:
Option 1: UE can transmit a new RACH occasion by a different Tx Beam only when no valid response is received upon the expiry of the RAR window
Option 2: UE is allowed to transmit multiple RACH occasions by different Tx Beams before the start (or expiry) of a RAR window
Option 1 is a straightforward solution requiring less specification efforts. However, if the Tx/Rx Beams for first RACH occasions are not matched and gNB missed the PRACH signals, it will take a long time to try another UL Tx Beam. Therefore, Option 1 may lead to higher random access latency in the scenarios where the beam correspondence is not hold at the UE side. In contrast, Option 2 can reduce the random access latency at the cost of more specification efforts and potential more RACH resources.  Moreover, Option 2 can facilitate the gNB to select the best Tx Beam which is beneficial for the following UL transmissions, e.g., the transmission of Msg 3.
	
	Option 1
	Option 2

	Specification efforts
	None or Low (depend on the design)
	Low 

	Random access latency
	High
	Low

	RACH resource /
Potential contention
	Low
	Medium

	Selected UL Tx Beam
	Worse
	Better


We cannot guess what kind of new services would occur in the future. Lower latency would be beneficial and offer more flexibility to support new services. Thus we  prefer Option 2.  Moreover, it should be allowed the gNB to choose some configurable parameters (e.g., N RACH occasions transmitted before RAR window) to achieve a good tradeoff between the UE experience/service quality and RACH resources.
 Proposal 1: NR should study mechanisms to support Option 2 and allow the gNB to configure the number of RACH occasions before the start (or expiry) of a RAR window.
If the UE failed to detect the valid RA response within the corresponding RAR window, UE should retransmit some preamble. In NR, there are three factors could be considered for the Msg 1 transmission: power ramping, UE beam switching, and RACH resource switching. When the beam correspondence is not hold at UE, it is very possible that the Tx Beam is mismatched. In this case, if UE increases transmission power, it will only increase the interference over other UEs. Thus it is reasonable to use a different UL Tx Beam for the retransmission. When all the UL Tx beams have been tried and still no valid RAR has been detected, UE can use power ramping. While the UE uses beam switching or power ramping, it may also use RACH resource switching together.  Thus, we propose:
Proposal 2: For Msg 1 retransmission, UE beam switching has a higher priority over power ramping when the beam correspondence is not hold at UE. RACH resource switching may work with beam switching and power ramping.    
As for the Msg 3 transmission, it was agreed that the corresponding UL Tx beam is determined by UE, e.g., UE may use the same UL Tx beam used for Msg. 1 transmission. If we adopt Option 1 for PRACH transmission, the UE could determine the best UL Tx beam based on received RAR over different PRACH occasions. However, as mentioned earlier this procedure may result in more latency. As for Option 2, there will be room to enhance the scheme since the UE can determine  the best one(s) among the N Tx Beams carrying N PRACH occasions upon the successful receptions of RAR(s), and due to the configuration of supporting multiple PRACH occasions before the start (or expiry) of a RAR window, the latency will be reduced. A better selection of Tx Beams will not only improve the Msg 3 transmission but also benefit the successive UL transmissions after random access. Thus we have the following proposal:
Proposal 3: NR should support the mechanism to assist UE in the Tx Beam selection of Msg 3 if Option 2 is supported for Msg 1 transmission. 
3. Conclusions
In this contribution, we discuss some open issues regarding Msg 1 transmission/retransmission and Msg 3 transmission. Based on the above discussions,  we have the following proposals:
Proposal 1: NR should study mechanisms to support Option 2 and allow the gNB to configure the number of RACH occasions before the start (or expiry) of a RAR window.
Proposal 2: For Msg 1 retransmission, UE beam switching has a higher priority over power ramping when the beam correspondence is not hold at UE. RACH resource switching can work with beam switching and power ramping.
Proposal 3: NR should support the mechanism to assist UE in the Tx Beam selection of Msg 3
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