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1. Introduction

Followings are the agreements on RACH procedure considering multiple beam operations in RAN1 #86bis: 

	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 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

Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB




Based on the agreements above, we discuss RACH procedure considering Tx/Rx reciprocity. Specifically, in this document we focus on the RACH procedure with Tx/Rx reciprocity at both TRP and UE side. 
2. Discussion
RAN1 has discussed the notion of Tx/Rx reciprocity and the following is the working assumption on the Tx/Rx reciprocity with a new terminology of “Tx/Rx beam correspondence”: 

	Working assumption:

· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:

· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.

· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 

· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.

· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed


If Tx/Rx reciprocity holds at TRP and UE, specific handling for beam alignment is not required but UE determines its Tx/Rx beam based on the measurement on the DL broadcast signal beam sweeping. 
RACH resource is associated DL broadcast signal and it should be associated with DL transmission beam direction in multiple beam operation. RACH resource here specifically indicates time/frequency resource that PRACH preamble can be transmitted. In multiple beam operation, RACH resource should be assigned based on TRP’s receiving beam direction since TRP expects PRACH preamble reception on the RACH resource with a specific receiving beam direction. If TRP holds Tx/Rx reciprocity, the RACH resource becomes associated with TRP’s transmission beam direction. 

Observation 1: It is preferable RACH resource should be associated with TRP’s receiving beam direction. 

Observation 2: If TRP holds Tx/Rx reciprocity at TRP, RACH resource becomes associated with TRP’s transmission beam direction.  

Beam scanning operation is conducted at UE side on the DL beam swept broadcast channel/signal and UE determines best received beam direction based on the DL measurement. If Tx/Rx reciprocity holds at UE side, UE is able to determine its transmission beam direction based on received beam. Hence, UE attempts PRACH preamble transmission with the same direction received with the best quality on the respective RACH resource associated with the beam direction. 
With the assumption that Tx/Rx reciprocity holds at both TRP and UE, UE may report best beam direction received with the best DL quality and TRP can easily determine the UE’s receiving beam direction. Similarly, UE can decide the its best transmission beam direction based on the received DL measurement. 
RACH resource can be defined per beam and UE choose its RACH resource to transmit PRACH preamble based on the beam RS received power. UE attempts PRACH preamble transmission on the RACH resource associated with the best received beam and waits RAR reception within RAR reception window from network with the same direction that the UE has transmitted the PRACH preamble. Based on the RAR, UE transmits msg. 3 on the indicated time/frequency resource. Best beam indices information may be included in the msg. 3. Msg. 4 from the network is transmitted with the same direction of msg. 3 arrived at the TRP and it may confirm which beam indices the UE use. 
With Tx/Rx reciprocity at TRP and UE side, beam specific RACH procedure and beam management would be much simpler than the case when Tx/Rx reciprocity at TRP or UE does not hold. 

Observation 3: If Tx/Rx reciprocity holds at TRP and UE, beam alignment procedure becomes simpler than the case when Tx/Rx reciprocity at TRP or UE does not hold. 
Based on the observations and discussion, further considerations are needed in designing of RACH procedure in case Tx/Rx reciprocity does not hold either at TRP or UE. Detailed aspects to be considered in case without Tx/Rx reciprocity at TRP or UE are discussed in our companion document [1]. 
3. Conclusion 
We discussed RACH procedure when Tx/Rx reciprocity holds at TRP and UE and the following observations are made: 
Observation 1: It is preferable RACH resource should be associated with TRP’s receiving beam direction. 

Observation 2: If TRP holds Tx/Rx reciprocity at TRP, RACH resource becomes associated with TRP’s transmission beam direction.  

Observation 3: If Tx/Rx reciprocity holds at TRP and UE, beam alignment procedure becomes simpler than the case when Tx/Rx reciprocity at TRP or UE does not hold. 
Based on the observations and discussion, further considerations are needed in designing of RACH procedure in case Tx/Rx reciprocity does not hold either at TRP or UE.
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