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1. Introduction

In an NR system, random access procedure should support single-beam and multiple-beam operations in a unified framework. During the NR study item, various design schemes were discussed focusing on how to effectively enable multiple-beam operations. Here are some agreements achieved in the last meetings [1][2][3]:
	Agreements:
· Following is baseline UE behavior 

· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises

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
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: 
· 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

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


In RAN#75, the NR WI was approved [4]. Thus in the contribution, we will discuss more design details of NR based on the already agreed conclusions of NR SI. 
2. Discussion
2.1. PRACH Resources/Preambles Configuration
In RAN1#87[1], we achieved the following agreements:


In order to achieve the above-mentioned functionality, the DL Tx Beams need to be associated with the corresponding subsets of PRACH resources/preambles. It is common understanding that the DL Tx Beams can be identified by the SS blocks. Therefore, it is straightforward to associate the SS blocks and the subsets of PRACH resources/preambles.
Proposal 1: NR should support the association between the SS blocks and the subsets of PRACH resources/preambles.

At the current stage, the following aspects have not been determined yet:
· The maximum numbers of active DL Tx Beams which can be identified by different SS blocks

· The total PRACH resources/preambles

Thus it is unclear that if meeting the requirements of collision probability and overhead, whether the subsets of PRACH resources/preambles associated with different SS blocks can be fully orthogonal:
· If yes, there will a one-to-one association between the SS blocks and the subsets of PRACH resources/preambles
· If no, there may be multiple SS blocks associated with one subset of PRACH resources/preambles. That is a many-to-one association. In this case, the ambiguity of the best DL Tx Beam cannot be solved by Msg.1 transmission since gNB cannot identify the best DL Tx Beam out of the subset of DL Tx Beams. Thus, we need to consider some mechanism to avoid this ambiguity in the consecutive steps. 

Therefore, we have the following proposal:
Proposal 2: NR should carefully consider whether to support many-to-one mapping or not when design the PRACH and the maximum number of DL identifiable Tx beams with different SS blocks.
2.2. Msg.1 
It has been agreed that NR at least supports transmission of a single Msg.1 occasion before the end of a monitored RAR window. For the scenarios where the beam correspondence doesn’t hold at the UE side, the UE may take a long time to access the network as it cannot transmit additional Msg.1 until the RAR window expired.  One solution is to support multiple Msg.1 transmission occasions until the end of RAR window or UE received a valid RAR.
Some companies may have concerns on PRACH overhead. To address these concerns, it proposed to adopt multiple Msg.1 transmission occasions only for contention-free random access. For the contention-free cases, the network can configure the number of Msg.1 transmission occasions based on its deployment policy so that a good balance between the overhead and low RA latency can be achieved. For example, when the system is light-loaded, the network can support the multiple Msg.1 transmission occasions until the end of RAR window.  In the last meeting, there are three options proposed for further study [3]:
· 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
As for Option 2, there are some disadvantages or uncertainties:

· There are no strong motivation for UE to indicate multiple good DL Tx Beams to the network
· The UE transmit power may limit the probability of simultaneous transmissions in the frequency domain
· Multiple Msg. 1 transmissions on different frequency resources may lead to complicated power control problems

· The minimum UE bandwidth has not been determined. Therefore it is not sure how many RACH resources will be available in the frequency domain
In summary, it is not attractive to choose Option 2. Thus, we have the following proposal:
 Proposal 3: For contention-free random access, NR should choose the solution between Option 1 and Option 3. We have a slight preference for Option 3.  
If the transmission(s) of Msg.1 failed, the UE needs to retransmission Msg.1 until receive a valid RAR or reach maximum number of transmissions. For LTE UEs, it is straightforward to increase the transmit power for retransmission(s). The case becomes more complicated for NR.  For a UE capable of multi-beam transmission, it may change the UL Tx Beam for retransmission(s). How to determine the transmit power is still an open issue. There are three alternatives:
· 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.
For a UE with beam correspondence, it is natural to use the same UL Tx Beam for Msg. 1 retransmission. Thus the open issue mainly targets the UEs without beam correspondence. 
For a UE without beam correspondence, it has to “blindly” choose UL Tx Beam for transmission/retransmission. Since the links of UL Tx/Rx beam pairs may have large difference, it is not reliable to “guess” the quality of one UL Tx/Rx beam pair based on information of another pair. If we use Alt 2 and Alt 3, there will be potential increased interference due to the large transmit power of Msg.1 retransmissions. Thus, we propose:
Proposal 4: NR should support Alt 1 for the power ramping of Msg.1 retransmission(s).
2.3. Msg.2 
In the multiple-beam systems, an Msg.1 transmission occasion may consist of multiple RACH preambles for the gNB to choose the best UL Rx Beam. Regarding the reception of Msg.1, gNB may receive multiple versions of Msg. 1 over multiple UL Rx Beams. Based on the measurement results on multiple UL Rx Beams, gNB will choose the best one and use it for the successive receptions. Meanwhile, selection of the best UL Rx Beam is transparent to UE. Thus gNB only needs to transmit one RAR corresponding to the Msg. 1 transmission occasion rather than multiple RARs associated with preambles within the occasion. Thus the baseline UE behavior “UE assumes single RAR reception at a UE within a given RAR window” is sufficient.
Some arguments are raised, e.g., the multiple RAR from different TRPs. For a cell with multiple TRPs, if the TRPs cannot coordinate with each other tightly, we don’t the motivation to configure such TRPs within one cell, and we think that the TRPs with loose coordination should belong to different cells. If the TRPs are in difference cells, the reception of RARs from different cells seems unnecessary. 
As discussed in Section 2.1, if some subsets of PRACH resources/preambles are not fully orthogonal, gNB cannot determine the best DL Tx Beam upon the reception of Msg.1. In this case, gNB needs to transmit a RAR with the same contents via multiple DL Tx Beams to improve the robustness of RAR reception and to reduce random access latency. The UE may receive more than one RAR(s). 
Proposal 5: If NR supports the many-to-one association between SS blocks and subsets of PRACH resources/preambles, gNB should be allowed to transmit the same RAR via multiple DL Tx Beams.
2.4. Msg.3 and Msg.4
If UE received a valid RAR, it means that the corresponding link of Msg. 1 transmission has an acceptable quality since it has carried a relative reliable PRACH transmission. Consequently, Msg.3 transmission can use the same UL Tx beam of Msg.1 transmission. There is no need to change Tx Beam for Msg. 3 transmission considering the random access latency. As for the selection of a better UL Tx Beam, the network can configure an UL beam management procedure after the random access. 

 Proposal 6: NR should take LTE Msg.3 and Msg.4 as the baseline.
As discussed in Section 2.1, if some subsets of PRACH resources/preambles are not orthogonal, there will be some ambiguity about the best DL Tx Beam for gNB. Thus it is beneficial to carry indication information of the best DL Tx Beam via Msg. 3. Then gNB can use the recommended DL Tx beam for Msg.4 transmission and the following DL transmissions. Thus, we have
Proposal 7: If NR supports the many-to-one association between SS blocks and subsets of PRACH resources/preambles, NR should support the indication of the best DL Tx Beam via Msg. 3. 
3. Conclusions
In this contribution, we discuss some open issues regarding the 4-step random access procedures for NR WI. Based on the above discussion, we have the following proposals:
Proposal 1: NR should support the association between the SS blocks and the subsets of PRACH resources/preambles.
Proposal 2: NR should carefully consider whether to support many-to-one mapping or not when design the PRACH and the maximum number of DL identifiable Tx beams with different SS blocks.

Proposal 3: For contention-free random access, NR should choose the solution between Option 1 and Option 3. We have a slight preference on Option 3.  
Proposal 4: NR should support Alt 1 for the power ramping of Msg. 1 retransmission(s).

Proposal 5: If NR supports the many-to-one association between SS blocks and subsets of PRACH resources/preambles, gNB should be allowed to transmit the same RAR via multiple DL Tx Beams.
Proposal 6: NR should take LTE Msg.3 and Msg.4 as the baseline.

Proposal7: If NR supports the many-to-one association between SS blocks and subsets of PRACH resources/preambles, NR should support the indication of the best DL Tx Beam via Msg. 3.
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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











