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Introduction
During RAN1#86 bis, RAN1 captured the following agreements regarding RACH procedure [1]: 
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 resource 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
· MSG3
· 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

This contribution discusses the RACH resource for RACH preamble transmission with and without beam correspondence. 

1 
2 
Discussion on RACH resource
The beam between TRP and UE needs to be aligned in the right direction to obtain maximum beam gain. In beamforming based system, the time required for achieving this TX-RX beam alignment could be different depending on the number of combinations of TRP beams and UE beams. However, it would be desirable to have short beam training duration for the initial access and/or handover from the perspective of latency reduction. One way to reduce the required beam training duration for RA procedure is to use multiple beams simultaneously. It is obvious that transmitting/receiving RACH preamble in multiple directions at the same time is beneficial at the cost of more gNB/UE power consumption. Another way is to use the beam correspondence [2] which can be applied to both UE side and TRP side. 
The multi-beam based random access procedure with and without beam correspondence is described in [3]. A RACH resource was defined as a time-frequency resource to send RACH preamble [1]. A UE can have multiple opportunities to transmit RACH preamble in one RACH occasion. 
Regardless of beam correspondence, association between RACH resource and BCH/SS occasion can be considered as follows:
· Case 1 : Association between a subset of RACH resource and one TRP Rx beam.
· Case 2 : Association between a subset of RACH resource and multiple TRP Rx beams

Without beam correspondence at TRP side, association between RACH resource and Tx beam at TRP side would not be helpful for RACH preamble detection. It is natural that RACH resource would be associated with Rx beam at TRP side. Also, as mentioned above, utilizing multiple beams for RACH detection helps to reduce the amount of RACH resource in one RACH occasion. TRP should inform UE the information about the number of RACH preambles which a UE should transmit during multiple RACH resources in one RACH occasion via higher layer signaling to cover TRP all Rx beams. Figure 1 shows an example of association between RACH resource and one Rx beam



Figure 1. An example for the relationship between RACH resource and TRP Rx beam without beam correspondence

In Figure 1, gNB should inform UE the information about how many RACH preambles should be transmitted during N RACH resources as to cover all Rx beams for the case of TRP without beam correspondence. 

Observation 1: Without beam correspondence, a subset of RACH resource is associated with one or multiple Rx beams.

When beam correspondence holds at TRP side, association between RACH resource and beam operation can be considered as follows:
· Case 3. Association between a subset of RACH resource and one BCH/SS occasion
· Case 4. Association between a subset of RACH resource and multiple BCH/SS occasions
A RACH preamble is transmitted using the selected preamble index and transmission power on RACH resource associated with the detected beam from DL BCH/SS. UE can transmit RACH preamble once on RACH resource where DL BCH/SS is associated with. This can reduce the duration required for RACH transmission as well as save UE transmission power. With the beam correspondence, it can be assumed for UE that Rx beams at TRP side corresponds Tx beams will be used for RACH preamble detection. Figure 2 shows the relationship between RACH resource and the Rx beam at TRP. Thus, Case 3 and Case 4 can be considered the same as Case 1 and Case 2, respectively. 



Figure 2. An example for the relationship between RACH resource and TRP Rx beam with beam correspondence

Figure 3 shows an example of association between a subset of RACH resource and multiple BCH/SS occasions. If TRP operates multiple number of beams for RACH preamble detection from beams for DL BCH/SS transmission, RACH resource can be associated with multiple Rx beams. As mentioned above, utilizing multiple number of beams for RACH preamble detection helps to reduce the amount of RACH resources. In other word, the number of RACH resources in one RACH occasion can be reduced. 



Figure 3. An example for the relationship between RACH resource and multiple TRP Rx beams with beam correspondence

Observation 2: With beam correspondence, a subset of RACH resource and DL BCH/SS is associated with one or multiple Rx beams.
Proposal 1: Regardless beam correspondence, a subset of RACH resource is associated with one or multiple Rx beams at TRP.
Proposal 2: NR supports RACH resource configuration for UE to select one or multiple RACH resources for RACH preamble transmission. 
Conclusions
This contribution discusses the RACH design with and without beam reciprocity. The observations and proposals are as follows:
Observation 1: Without beam correspondence, a subset of RACH resource is associated with one or multiple Rx beams.
Observation 2: With beam correspondence, a subset of RACH resource and DL BCH/SS is associated with one or multiple Rx beams.
Proposal 1: Regardless beam correspondence, a subset of RACH resource is associated with one or multiple Rx beams at TRP.
Proposal 2: NR supports RACH resource configuration for UE to select one or multiple RACH resources for RACH preamble transmission. 
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