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1. Introduction 
In RAN2 #99 meeting, the following agreements on PRACH Transmission were made [2]:

Agreements:

For single preamble transmission case:

-
Two counters PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER are defined in MAC specification. 

-
MAC entity initializes PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER to 1 when the Random procedure is initiated. 

-
MAC entity increments PREAMBLE_TRANSMISSION_COUNTER by 1 if RAR reception is not successful or contention resolution is not successful.

-
MAC entity increments PREAMBLE_POWER_RAMPING_COUNTER by 1 if UE does not change “beam” for PRACH retransmission. 

This contribution discusses some of the remaining issues on 4-step RA procedure aspects, especially on beam refinement mechanism, and UE behavior on beam switching during RACH procedure.
2. Discussion
2.1 UE Beam Switching for Msg.1 retransmission
The UE beam switching and power ramping procedure for msg.1 retransmission should ideally allow the UE to succeed with the RACH procedure as quickly 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.

· Two counters PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER are defined.
RACH Msg.1 retransmission that only relies on the above procedure could still potentially be vulnerable to latency and interference issues. Some additional network configurations are needed in order to control UE behavior during Msg.1 retransmission. We suggest that the network can control the UE beam switching operation. As an example, without a beam-switching limitation, the UE can perform a “light-house” operation by sweeping the beam in all directions and this creates interference. Hence, the main motivation of controlling the UE beam switching operation is to minimize the interference caused by RACH Msg.1 retransmissions.
A beam switching counter used together with the other two counters (power ramping and preamble transmission counters) can provide guidelines to the UE in performing Msg.1 retransmission. In case the UE changes the power ramping counter, the beam switching counter can be reset. 
Proposal 1: The gNB should be able to configure the maximum number of beam switches for a given power level by introducing a counter PREAMBLE_BEAM_SWITCHING_COUNTER.
This additional parameter will provide gNB control over the UE beam switching and power ramping behavior. However, there could still be situations of mismatch between the UE beam switching counter parameter from the gNBand the UE beam switching capabilities. E.g. in case the number of available UE Tx beams for RACH Msg.1 transmission is significantly less than the allowed number of beam switches for a given power level. This could lead to a possibility where the UE perform a “light-house” operation by sweeping the beam in all directions. 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 beam switching counter parameter, where the scaling could be done depending on the available number of UE Tx beams for Msg.1 transmissions. The UE with a higher number of Tx beams could have a higher number of the maximum number of beam switches for a given power level. For example, a UE that support 8 Tx beams or 16 Tx beams has maximum beam switches parameter equal to 4 and 8, respectively. This scaling function can be explicit (e.g., signaled to UE) or implicit (e.g., fixed in spec).
Proposal 2: The maximum number of beam switches parameter is scaled at the UE depending on the available number of UE Tx beams during initial access (e.g. the UE with a higher number of Tx beams could have a higher number of the maximum number of beam switches for a given power level, and vice versa). This scaling function can be explicit (e.g., signaled to UE) or implicit (e.g., fixed in spec).
2.2 Transmit Beam Reporting
In 4-step RACH, the transmission of each message does not always occur within a relatively short duration, so that we cannot always rely on is the usage of same Tx/Rx beam as the previous message or earlier messages in the 4-step RACH procedure . For example, in contention-based RACH, the transmission of Msg.2 can be performed after several attempts (retransmissions) of Msg.1. If the time gap between the transmissions of two messages becomes large, then the Tx/Rx beam either at the UE or gNB for the subsequent transmission may need to be updated. Moreover, due to possible blocking and/or mobility, beam direction update / beam refinement is needed. One specific case that we want to discuss is on the need for the UE to provide beam reporting in Msg.3 transmission. 

In NR, the gNB periodically transmit SS blocks that can be used for synchronization and measurement purposes. The SS-block that is periodically transmitted and uses different beams can be used for the RSRP measurement. Thus, the UE can identify the SS-block / beam that provides the best RSRP measurement. The UE performs the above operation before Msg.3 transmission and reports the best SS-block as part of the Msg.3 transmission. The gNB utilizes that information in order to determine the gNB Tx beam for the subsequent transmission (i.e. Msg.4). In practice and as another alternative, the gNB can re-use the gNB Tx beam of Msg.2 transmission. However, it is not guaranteed if that beam is still valid for the Msg.4 transmission. Selecting a proper beam can improve link quality and minimize the occurrence of retransmissions (i.e. Msg.4 retransmissions).
It is up to UE implementation on how to determine the UE Rx beam for the Msg.4 reception. For example, in case the UE can only monitor 1 receive beam, the UE can re-use the Rx beam for the Msg.2 transmission. In case the UE can simultaneously monitor more than 1 receive beam then the UE can monitor the Rx beam for the Msg.2 transmission and any other Rx beam.
Proposal 3: A UE that can monitor more than one receive beam provides beam assistance in Msg.3 transmission, (e.g. based on SS-block RSRP measurements) that can be used for gNB Tx beam direction refinement (i.e. for Msg.4 transmission).

3. Conclusion
In this contribution, we have provided our considerations on 4-step RACH procedure for multi beam operation for NR and conclude on the following proposals:
Proposal 1: The gNB should be able to configure the maximum number of beam switches for a given power level by introducing a counter PREAMBLE_BEAM_SWITCHING_COUNTER.

Proposal 2: The maximum number of beam switches parameter is scaled at the UE depending on the available number of UE Tx beams during initial access (e.g. the UE with a higher number of Tx beams could have a higher number of the maximum number of beam switches for a given power level, and vice versa). This scaling function can be explicit (e.g., signaled to UE) or implicit (e.g., fixed in spec).
Proposal 3: A UE that can monitor more than one receive beam provides beam assistance in Msg.3 transmission, (e.g. based on SS-block RSRP measurements) that can be used for gNB Tx beam direction refinement (i.e. for Msg.4 transmission).
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