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1. Introduction
In RAN1#86b meeting [1], the following agreements on RACH procedure were reached:
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g., 
· RAR
In this contribution, we provide our view on the RACH procedure with multiple beams operation where both gNB and UE could have Tx/Rx beam reciprocity, partial Tx/Rx beam reciprocity, and no Tx/Rx beam reciprocity.

2. Discussion
The multiple-beams operation can be supported in both gNB and UE. The illustration of active beam can be in the scenarios as shown in Fig .1. The upper left figure shows the beam alignment in both UL and DL, the upper right figure shows the beam alignment in DL but not in UL, the lower left figure shows beam alignment in DL but not in UL, and the lower right figure shows no beam alignment at all. Beam alignment can be achieved when the active beams from both gNB and UE are facing toward each other. There are also some other sub-optimal conditions where one of UE and gNB does not have Tx/Rx reciprocity and in this case the system strives to have beam alignment for its transmissions. For TDD mode, beam reciprocity can be assumed, while for the case of FDD mode, it is conditioned on the relative duplex distance, calibration availability and perhaps user loading for the UE side.



Fig.1. Tx/Rx reciprocity and beam alignment between gNB and UE


For example, in order to maintain beam alignment during RACH preamble transmission: 
· The UE needs to know when the optimal gNB beam is directed to the UE; and also 
· The UE needs to apply the optimal UL Tx beam for the transmissions.
If the gNB is equipped with digital beam forming it is possible for the gNB to simultaneously transmit multiple beams and by so obtain an instant beam sweep. The different beams can be precoded with subcarrier granularity. Compared to a beam sweep over time, beam sweep over frequency will enable significant improvement in latency.

RACH Procedure for the case of Tx/Rx Reciprocity
When the UE operates in random access procedure, the UE has already performed several initial processes, such as synchronization, acquiring broadcast signal and system information. Therefore, the UE can be assumed to have some knowledge regarding the degree of beam alignment with the gNB.
An identifier, such as beam ID, can be applied to the beams either from UE or gNB. To assist the UE in acquiring knowledge of the gNB Rx beams (e.g. for use in RACH preamble transmission), the gNB Rx beam identifier information can be broadcasted to the UEs and it can also be associated with the random access resources (e.g. for preamble transmission). This information can be part of the NR RACH configuration information (i.e. in system information).
Proposal 1: There is a mapping of gNB Tx/Rx beam and RACH resources.  This mapping information can be part of the RACH configuration information in the system information. 

Even if there is a Tx/Rx reciprocity, both UE and gNB still need to update the beam alignment, especially after the idle mode operation. Prior to the RACH preamble transmission, the UE can perform beam measurements to identify the optimal UE Tx beam and the associated gNB Rx beam. The beam measurements can be performed in the downlink reception by utilizing the periodic transmission of NR synchronization signal and/or other broadcast signals. We consider multiple beam will also be applied to those signals. This operation can be performed when the beams for these signals (synchronization, broadcast, and preamble transmission) using the same beam pattern. Thus, the multiple beams of these signals are associated to each other. After the beam measurements, the UE knows the optimal gNB Rx beam and UE Tx beam (i.e. beam alignment is obtained). Once the UE needs to transmit preamble, the UE waits until random access resources for the optimal gNB Rx beam is scheduled.

Proposal 2: The UE can perform beam measurements to identify the optimal UE Tx beam and the associated gNB Rx beam. The beam measurements can be based on NR synchronization signals and/or other broadcast signals.

Proposal 3: The multiple beams of synchronization signal, broadcast signal, and RACH transmissions can be associated.

RACH Procedure for the case of partial Tx/Rx Reciprocity
Here, the beam identifier information of multiple-beams that has been broadcasted by the gNB can be reused for the beam-sweeping purpose (i.e. beam measurements). . The UE can then feed this ID back to the gNB as a part of the RACH preamble.  This enables the gNB to be aware of both Rx and Tx beams for the specific UE.
Multiple beam transmission downlink broadcast signals (e.g. synchronization signals, broadcast channel signals) that are periodically transmitted by gNB can be used for beam measurement purpose so that the gNB Tx beam and UE Rx beam alignment can be obtained (i.e. prior to the RACH preamble transmissions). This can be used as the initial operation for beam alignment. 

In case of gNB Tx/Rx reciprocity, the gNB Rx beam will just follow the gNB Tx beam. The optimal UE Rx beam can be identified by performing UE Rx beam sweeping together with the gNB Tx beam sweeping operation. In case of UE Tx/Rx reciprocity, the UE Tx beam will just follow the UE Rx beam. The optimal gNB Rx beam can be identified by performing gNB Rx beam sweeping together with UE Tx beam sweeping operation.

Proposal 4: Enable Tx beam assistance in RACH procedure by performing the beam measurement in the receiver side and report it back to the transmitter side to refine the Tx beam.

RACH Procedure for the case of No Tx/Rx Reciprocity

Here, we consider when there is no Tx/Rx reciprocity in both gNB and UE. In such cases, the beam alignment aid between gNB and UE is needed for the transmissions for both uplink and downlink direction. In such scenarios both gNB Tx beam ID and UE Tx beam ID are needed.

Note that the case of no Tx/Rx reciprocity in both gNB and UE typically happens for transmissions that use the shared channel (e.g. uplink shared channel, downlink shared channel). Specifically for RACH procedure, this would be the RAR transmission, Msg3, and Msg4 transmission. In such transmissions the receiver can assist the transmitter by reporting a suitable Tx beam. This can also be helpful in case beam refinement can be performed in the transmitter. The beam reporting can be used to assist the beam direction of the subsequent transmission. For example: gNB performs beam measurement during RACH preamble receptions so that it can identify the optimal UL Tx beam. The measurement result is reported back to the UE to assist the subsequent transmission from the UE (e.g. Msg3). The same approach can be applied for the downlink direction where the UE performs beam measurement and report it (e.g. the optimal DL Tx beam) back to the gNB.


3. Conclusion 
In this contribution, we considered the RACH procedure with multiple beams operation for NR and conclude on the following proposals:

Proposal 1: There is a mapping of gNB Tx/Rx beam and RACH resources.  This mapping information can be part of the RACH configuration information in the system information. 

Proposal 2: The UE can perform beam measurements to identify the optimal UE Tx beam and the associated gNB Rx beam. The beam measurements can be based on NR synchronization signals and/or other broadcast signals.

Proposal 3: The multiple beams of synchronization signal, broadcast signal, and RACH transmissions can be associated.
Proposal 4: Enable Tx beam assistance in RACH procedure by performing the beam measurement in the receiver side and report it back to the transmitter side to refine the Tx beam.
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