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Introduction
At the RAN1 NR Ad-Hoc meeting, the following agreements were made [1].
	Agreements:
· Update previous meeting as follows:
· For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
Companies are encouraged to perform further analysis and evaluations. Revisit next meeting.


In this contribution, we share our views on power ramping procedure for multi-Tx beam operation.
Discussions
[bookmark: OLE_LINK1]Power ramping procedure for NR
Before discussing the way to increment the counter of power ramping, how to perform both of beam switching and power ramping should be clarified. In the previous meeting, the following was agreed:
	· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation



From our view, the main bullet of the above agreement can be interpreted as follows:
Interpretation 1:
· Whether a UE switches UL Tx beam is up to UE implementation
· When a UE performs UL Tx beam switching during retransmissions is also up to UE implementation
Interpretation 2:
· Whether a UE switches UL Tx beam is up to UE implementation
· How to perform the beam switching during retransmissions is fixed

If how to perform both of power ramping and beam switching is up to UE implementation, network cannot control the interference and it would cause unnecessary interference by applying inadequate UL Tx beam and excessive power ramping. Therefore, when a UE performs UL beam switching, we prefer that some fixed rule is additionally introduced so that the UL Tx beam switching timing is identified.

Observation:
· RAN1 should clarify whether the timing of UL beam switching during retransmissions is fixed or up to UE implementation
· A UE is not necessarily required to perform UL beam switching
· Which beam UE switches to is up to UE implementation

According to the agreements in RAN1 #88bis meeting, there are mainly 4 alternatives for power ramping procedure for NR.
	If the UE conducts beam switching,
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing.
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in [2]



In Alt. 1, UL Tx beam switching should be performed after completing power ramping process for a UL Tx beam (as Fig. 1). This process can be the same as the process of LTE if UE can capture the optimum UL Tx beam accurately in early stage (e.g. partial beam correspondence case). However, in no beam correspondence case, the UE is required to fully ramp up power before using different UL Tx beam and it may take longer time to find a correct beam than other alternatives. Moreover, if UE selects wrong UL Tx beam, it may cause severe interference for neighbour cells.
[image: ]
Figure 1. Example of Alt. 1

In Alt. 2, UL Tx beam switching should get preference over power ramping process (as Fig. 2). If gNB sets enough initial power for preamble transmission (e.g. preambleInitialReceivedTargetPower in LTE) for the case of optimum UL Tx beam, the optimum UL Tx beam can be found out earlier than Alt 1 by faster UL Tx beam switching. Moreover, high inter-cell interference can be avoided since unnecessary power ramping does not occur. On the other hand, in case that UE has some clues about suitable UL Tx beam, UE may be required to perform unnecessary beam switching before ramping up.
[image: ]
Figure 2. Example of Alt. 2

In Alt. 3, power ramping is performed regardless of whether UL Tx beam is switched (as Fig. 3). This procedure can reuse the current LTE specification (especially for the counter of Msg.1 re-transmission) and UE may capture the optimum UL Tx beam quickly by simultaneous operation of power ramping and UE Tx beam switching. However, UE may use excessive transmit power even for transmission with suitable UL Tx beam in case that UE uses wrong UL Tx beam before selecting suitable beam.
[image: ]
Figure 3. Example of Alt. 3

In Alt. 4, the counter of power ramping is controlled per UL Tx beam (as Fig. 4). Therefore, compared with Alt. 3, unnecessary power ramping because of UL Tx beam switching can be avoided. Although it may use high transmission power when UE uses wrong UL Tx beam with a number of power ramping, optimum power is used when UE selects suitable UL Tx beam.
[image: ]
Figure 4. Example of Alt. 4

In our view, the key issue is inter-cell interference caused by power ramping. To avoid unnecessary interference, Alt. 3 should not be applied. In addition, the impact of inter-cell interference is depended on the cell type (e.g. small cell). Therefore, cell-specific configurability of Alt. 1 and Alt. 2 is one way to perform power ramping in multi-beam case. If network is not required to control interference, Alt. 4 without any configuration is also applicable.

Proposal 1:
· For the counter of power ramping, the configurability of Alt. 1 and Alt. 2 should be considered

Maximum number of Msg.1 re-transmission
[bookmark: _GoBack]In LTE, the number of Msg.1 re-transmission is limited by preambleTransMax in RACH configuration. It means the number of power ramping is also limited by this value. However, In NR, the maximum number of Msg.1 re-transmission and the maximum number of power ramping should be separately configured since the number of Msg.1 re-transmission includes the number of UL Tx beam switching. To avoid to be weighted toward specific UL Tx beam on Msg.1 re-transmission, the number of Msg.1 re-transmission per UL Tx beam should be limited.
Moreover, in Alt. 2 and Alt. 4 for the counter of power ramping, the counter can be re-set when UL Tx beam is switched. Therefore, to limit the number of Msg.1 re-transmission, the counter of Msg.1 re-transmission and the counter of power ramping are separately defined.

Proposal 2:
· The number of Msg.1 re-transmission per UL Tx beam (i.e. the number of power ramping) should be limited
· The counter of Msg.1 re-transmission in all of UL Tx beams and the counter of power ramping are separately defined
Conclusion
In this contribution, we have the following observation and proposals:
Observation:
· RAN1 should clarify whether the timing of UL beam switching during retransmissions is fixed or up to UE implementation
· A UE is not necessarily required to perform UL beam switching 
· Which beam UE switches to is up to UE implementation
Proposal 1:
· For the counter of power ramping, the configurability of Alt. 1 and Alt. 2 should be considered
Proposal 2:
· The number of Msg.1 re-transmission per UL Tx beam (i.e. the number of power ramping) should be limited
· The counter of Msg.1 re-transmission in all of UL Tx beams and the counter of power ramping are separately defined
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