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Background

In RAN1#89 we agreed on the power ramping for when the UE changes Tx beam. 
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

In this contribution we have analyzed some possible solutions of the FFS points and discuss the Msg1 and Msg3 power control details.
UE behaviour after reaching the maximum power
Power ramping or UE Tx beam switching can improve the detection probability of RACH Msg1 when the previous Msg1 detection failed and retransmission of Msg1 is needed. The UE priorities order between power ramping and beam switching may be hard to decide as sometimes the missing detection is attributed to the wrong beam direction while sometimes it is attributed to the power insufficiency. So the priority decision is left to UE implementation based on the UE beam correspondence capability, the UE Tx beam width etc.
Only the principle that the counter of power ramping remaining unchanged when UE conducts beam switching is agreed, this method was listed as Alt2 in [1]. An issue is that when the UE has reached the maximum power, the interference to the reception of other UEs may be very severe. In many cases, the maximum transmit power is not necessary when the UE switches to another Tx beam. Therefore, it would be beneficial to control UE transmit power to prevent the excessive interference. Reduction of transmitting power can be used in the FFS case (in the agreement).
If nothing changes, Alt 2 will be used also in the FFS case. If the power reduction is very radical, then the Alt1 listed in [1] can be used in the FFS case. Alt1 is that the counter of power ramping is re-set when a UE switches the Tx beam.
Instead, a trade off between doing nothing special in the FFS case (i.e. adopt Alt 2) and adopting Alt 1 in the FFS case can be considered. The trade off provides a power back off when the UE has reached the maximum power and switches Tx beam. When beam switching at maximum power is conducted, the ramping counter is set to floor(max_counter*X) , where max_counter is the ramping counter at maximum power and X is a value  between [ ,1]. X=, would correspond to Alt 1 and X=1 would correspond to Alt 2. It would be beneficial to allow the network to configure the value of X, e.g. from the following set of values { ,0.25, 0.5, 0.75 or 1}. In scenarios with low PRACH interference, the network could configure a high X in order to speed up the random access procedure. In scenarios with high PRACH interference, the network could configure a low X in order to keep down the interference level. Alternatively, X can be fixed in the specification, e.g. X=0.5.

Proposal 1: The network can configure the back off when the UE conducts beam switching at maximum power. The ramping counter is set to floor(max_counter*X), where max_counter is the ramping counter at maximum power and X is configurable.
PRACH Msg1 power control
The principle of NR PRACH Msg1 power control can follow LTE. 
A target preamble received power (PREAMBLE_RECEIVED_TARGET_POWER) can also be calculated by the {preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.

When the UE conducts beam switching and PPRACH power hasn’t reached to PCMAX, the PREAMBLE_TRANSMISSION_COUNTER remains unchanged.

When Tx beam is switching and the PPRACH power has reached PCMAX, the power ramping counter is reset to floor(max_counter*X) , where X could be configurable between [ ,1], e.g.  ,0.25, 0.5, 0.75 or 1.

Whatever the preconditions affect the power ramping counter, the actual preamble transmitting power formula is:

PRACH Msg3 power control


The NR PRACH Msg3 power control has no distinct difference with LTE, so NR PRACH Msg3 power control can also be handled by the TPC command like indicated in the RAR.
Summary
Based on the previous agreements and the analysis in previous sections of this contribution we can make some conclusions and proposals:
Proposal 1: The network can configure the back off when the UE conducts beam switching at maximum power. The ramping counter is set to floor(max_counter*X), where max_counter is the ramping counter at maximum power and X is configurable.
Proposal 2: Adopt the LTE-like power control to the Msg1 and Msg3, some minor changes may needed.

References
[1] R1-1707056, “On RACH retransmission”, Mitsubishi Electric
1

image1.wmf
2

msg

d


oleObject1.bin

