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1. Introduction 
In RAN1#89, the relation between beam switching and power ramping for RACH msg 1 retransmission was discussed [1]. The following agreement was made:
Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· RAN1 will definitely decide above FFS point
Further, in the RAN1 NR Adhoc in June [2], a way forward proposal was discussed [3], trying to further clarify the UE behavior:

· Configure the number of beam switching N for power ramping in Msg.1 (re)transmission, where,
· when UE conducts beam switching and the number of beam switching is equal to or lower than the number N
· The counter of power ramping remains unchanged,
· when UE conducts beam switching and the number of beam switching is N+1

· If UE doesn’t reaches maximum power, the counter of power ramping increases

· Otherwise, UE reports random access problem to upper layer

· when the counter of power ramping increases

· The number of beam switching is reset.

· Configure the maximum count of continuously increasing power ramping in a certain beam, where,

· when the configured number is exceeded, 

· UE should change its beam for PRACH preamble retransmission.

Consensus were not reached and further discussions were however needed to find the agreement.

In this contribution, we provide our view on how gNB can control UE behavior on beam switching operation and power ramping in relation to RACH msg.1 retransmission.

2. Discussion
The UE beam switching and power ramping procedure for msg.1 retransmission should ideally allow the UE to succeed with the RACH procedure as quick as possible, but with limited uplink interference to other UEs. Basically, the current agreements only cover limited UE operation, such as:

· NR supports power ramping

· Whether UE performs UL beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
· If the UE conducts beam switching, the counter of power ramping remains unchanged.
The RACH Msg.1 retransmission that only rely to the above procedure could still potentially be vulnerable to the latency and interference issues. Some network configurations are needed in order to control UE behavior during Msg.1 retransmission. Thus, the random access delay and the amount of interference can still be controlled by the network.
We consider gNB should be able to limit the number of UE beam switches for a given power level, and also be able to limit the number of consecutive retransmissions with/without power ramping using the same UE Tx beam. Furthermore, the gNB should be able to control the total amount of retransmissions for a given RACH resource. This can be achieved by introducing and configuring Msg.1 retransmission parameters to the UE. With these parameters the system can control the total random access delay as well as providing specific limitations to the UE beam switching e.g. to prevent excessive interference.
Proposal 1: The gNB should be able to control the operation of UE beam switching and power ramping for RACH Msg.1 retransmissions by providing the following parameters:

· The maximum number of beam switches for a given power level
· The maximum number of consecutive retransmissions with same beam
· The total maximum number of retransmissions of msg.1 for a given RACH resource 

The aforementioned control parameters will provide gNB control over the UE beam switching and power ramping behavior. However, there could still be situations of mismatch between the gNB control parameters and the UE beam switching capabilities. E.g. in case the available UE Tx beams for RACH msg.1 transmissions are significantly less than the allowed beam switches for a given power level. This could lead to multiple retransmissions with the same power level and the same beam. In another extreme case, the UE Tx beams for RACH msg.1 transmissions are significantly higher than the allowed beam switches for a given power level. This could lead to limited beam switching operation and results in unsuccessful Msg.1 transmission. 

In order to solve the above issue, we consider to apply a scaling function in the UE to the control parameters above, where the scaling could be done depending on the available number of UE Tx beams for msg.1 transmissions. The UE with smaller number of Tx beams could have a smaller number of the aforementioned maximum number of control parameters. 
Proposal 2: The control parameters for the operation of UE beam switching and power ramping could be scaled at UE depending on the available number of UE Tx beams for RACH Msg.1 transmissions.
In a case where the maximum number of beam switches is high, we can also limit the number of beam switches to the maximum available UE Tx beams (e.g. due to the UE constrains / limitations) for RACH Msg.1 retransmissions.
The UE could be in a situation where it has reached the UE maximum transmit power but still require to retransmits Msg.1. In this case, the UE could continue to perform retransmissions with UE beam switching up to the allowed total maximum number of retransmissions for a given UE.   
In order to further limit the RACH transmission interference and to minimize the probability of repeated RACH attempts from many UE:s, we propose that gNB can apply a random back-off function to the UE RACH procedure. If the maximum number of Msg.1. retransmissions have been reached and the gNB has activated this function the UE resets all counters of the above parameters, reports the Msg.1 retransmission failure to the higher layer and wait a random back-off time before the UE may attempt another new random access procedure.

Proposal 3: When the UE has reached the maximum retransmissions attempt, the UE resets all counters of the above control parameters and may be configured to wait a random back-off time before the UE attempt another new random access procedure.

Figure 1 shows an illustration of the operation of UE beam switching and power ramping as described above. In this example, the UE is configured to increase the power ramping maximum twice, switch the beam three times and total retransmissions of six. The UE decides to increase the transmit power in the first few attempts. Once the maximum number of consecutive retransmissions with the same beam has been reached, the UE switches the beam. Once the total maximum number of retransmissions for a given RACH resource has also been reached, the UE stops the retransmission attempt. In case the UE still needs to perform random access, the UE waits for certain duration of random back-off time period. The new Msg.1. transmission could target another PRACH resource.
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Figure 1: Illustration of UE beam switching and power ramping operation for Msg.1 retransmissions

3. Conclusion
In this contribution, we discussed the UE beam switching and power ramping operation for RACH msg.1 retransmissions and made the following proposals:
Proposal 1: The gNB should be able to control the operation of UE beam switching and power ramping for RACH Msg.1 retransmissions by providing the following parameters:

· The maximum number of beam switches for a given power level
· The maximum number of consecutive retransmissions with same beam
· The total maximum number of retransmissions of msg.1 for a given RACH resource 

Proposal 2: The control parameters for the operation of UE beam switching and power ramping could be scaled at UE depending on the available number of UE Tx beams for RACH Msg.1 transmissions.
Proposal 3: When the UE has reached the maximum retransmissions attempt, the UE resets all counters of the above control parameters and may be configured to wait a random back-off time before the UE attempt another new random access procedure.
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