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1.	Introduction
In this contribution, we address the potential impact of beam sweeping on random access (RA) procedure and discuss briefly how to perform RA procedure with beam sweeping.

2.	Discussion
In New RAT, it will be possible to use high frequency bands up to 100 GHz, for which beam forming is deemed a key technology in order to compensate for a large path-loss. By using multiple antenna arrays, multiple narrow beams with higher antenna gain could cover similar level of cell coverage even on high frequency band. 
One thing we need to consider when using multiple narrow beams is that there are some channels/signals that should be broadcasted in downlink to all UEs or transmitted in uplink by all UEs regardless of where the UE is located in a cell. Accordingly, beam sweeping is to be introduced, where a gNB/UE uses different narrow beams through the time domain so that the gNB can theoretically sweep the cell within a certain time duration. Although RAN1 needs to first conclude on the detailed procedure of beam sweeping, frame structure for beam sweeping, etc., RAN2 needs to identify/discuss the potential impact of beam sweeping from higher layer point of view.
In uplink, beam sweeping is required for RACH because all UEs in a cell should be able to transmit a RA preamble (RAP) while the gNB doesn’t know when the UE will transmit a RAP. Therefore, RAN2 needs to discuss how the UE transmits a RAP using beam sweeping by taking the gain and the cost into account. 
Before going into details, we briefly explain our assumptions on beams:
· Among all beams that can be used by the UE, there could be one serving beam that provides the best link quality. The serving beam will be used for scheduling in uplink and/or downlink.
· Among all beams that can be used by the UE, there could be several candidate beams that provide a reasonable link quality depending on e.g., the radiation pattern, or the location of the UE. The eNB can decide how many candidate beams are required, etc. 
Having above assumptions in mind, there could be several options in transmitting a RAP with beam sweeping:
· Option 1: The UE transmits a RAP on all beams.
In Option 1, the UE transmits a RAP on all beams regardless of whether it is the serving beam or not, which is described in Figure 1. 
As the UE can transmit a RAP as soon as the RA is triggered, Option 1 is good from latency point of view. However, if multiple UEs try to transmit a RAP by using all beams, the collision probability of RAP transmission would increase, which would result in RA failure.
[image: ]
Figure 1. Illustration of Option 1

· Option 2: The UE transmits a RAP only on the serving beam.
In Option 2, the UE transmits a RAP only on the serving beam, which is determined as a result of e.g., beam management, which is illustrated in Figure 2. 
As serving beam may be different between different UEs, the collision probability of RAP transmission would be lower than that in Option 1. However, as there is only one serving beam for a UE, the UE needs to wait in order to transmit an RAP on the serving beam. Depending on RACH design and radiation pattern, the latency may be longer compared to Option 2.   
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Figure 2. Illustration of Option 2

· Option 3: The UE transmits a RAP on the serving beam and/or candidate beams.
In Option 3, the UE transmits a RAP on the candidate beams as well as serving beam, which is determined as a result of e.g., beam management. One example of Option 3 is illustrated in Figure 3, where the UE transmits a RAP on the serving beam and candidate beams. Or, the UE can transmit a RAP only on the beam that comes first among the serving beam and candidate beam. 
Similar to Option 2, candidate beams may be different between different UEs. Thus, the collision probability of RAP transmission would be still lower than that in Option 1, while the gNB can control the collision probability via the number of candidate beams. In addition, as there would be more than one opportunity to transmit a RAP compared to Option 1, the latency would be less than that in Option 2 while it depends on RACH design and radiation pattern.
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Figure 3. Illustration of Option 3

As seen above, using all beams would reduce the latency while increasing the collision probability of RAP transmissions. Whereas, using only one beam would increase the latency while reducing the collision probability of RAP transmissions. 
Observation. There would be a trade-off between the latency and the collision probability of RAP transmission in transmitting a RAP by using beam sweeping.
RA procedure is used for initial access as well as resource request, and hence, it is important to keep the latency lower with a reasonable collision probability of RAP transmission. Therefore, we propose that:
Proposal. RAP transmission with beam sweeping is studied by considering the trade-off between latency and collision probability of RAP transmission.

3.	Conclusion
In this contribution, we discuss the RA preamble transmission with beam sweeping, and our observation is :
Observation. There would be a trade-off between the latency and the collision probability of RAP transmission in transmitting a RAP by using beam sweeping.
Based on the observation, we propose that:
Proposal. RAP transmission with beam sweeping is studied by considering the trade-off between latency and collision probability of RAP transmission.
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