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1 Introduction

RAN2 has received LS [1] on beamforming aspects of NR RACH from RAN1. According to the LS, RAN1 has made the following agreements related to RACH power.

·  It is agreed that if the UE conducts beam switching, the counter of power ramping remains unchanged. If UE doesn’t change beam, the counter of power ramping keeps increasing. 
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation and which beam UE switches to is up to UE implementation.
· The UE calculates the PRACH transmit power for the retransmission at least based on the most recent estimate pathloss and power ramping. The pathloss is measured at least on the SS block associated with the PRACH resources/preamble subset. 

· When reaching the maximum power, if the recalculated power is still at or above the Pc,max the UE can transmit at maximum power even if it changes its TX beam.
In this contribution we discuss the impact of these agreements and possible ways to capture the same in MAC specification.
2 Discussion
2.1 Power Ramping in LTE

In this section we discuss the LTE procedure specified in MAC specification for power ramping during random access. In LTE [2] MAC entity maintains a counter ‘PREAMBLE_TRANSMISSION_COUNTER’. This counter is not only used for power ramping but also to limit the maximum number of RACH transmissions. MAC entity initializes PREAMBLE_TRANSMISSION_COUNTER’ to 1 when the Random procedure is initiated. 
Observation 1: PREAMBLE_TRANSMISSION_COUNTER’ is not only used for power ramping but also to limit the maximum number of RACH transmissions

MAC entity sets PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
MAC entity updates and checks this PREAMBLE_TRANSMISSION_COUNTER if RAR reception is not successful or contention resolution is not successful. 

Unsuccessful RAR Reception: After transmitting the PRACH preamble if the RAR reception is not successful, MAC entity shall:
· if the notification of power ramping suspension has not been received from lower layers:

· increment PREAMBLE_TRANSMISSION_COUNTER by 1; 

· if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

· if the Random Access Preamble is transmitted on the SpCell:

· indicate a Random Access problem to upper layers;

· if the Random Access Preamble is transmitted on an SCell:

· consider the Random Access procedure unsuccessfully completed.

Unsuccessful Contention Resolution: In case of contention based random access procedure, if the contention resolution is not successful, MAC entity shall:
· if the notification of power ramping suspension has not been received from lower layers:

· increment PREAMBLE_TRANSMISSION_COUNTER by 1; 
· if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

· indicate a Random Access problem to upper layers;
Observation 2: MAC entity updates and checks the PREAMBLE_TRANSMISSION_COUNTER if RAR reception is not successful or contention resolution is not successful. 

MAC entity also suspends power ramping during PRACH retransmission based on PHY notification. In release 12 [3] the random access preamble transmission for the lower prioritized PRACH is either dropped or power scaled in the PHY layer. In this case PHY indicates to MAC that for a scheduled lower prioritized PRACH transmission, the power doesn't need to be increased for the next transmission. This indication is referred as ‘power ramping suspension’ in MAC specification.
Observation 3: MAC entity does not update the PREAMBLE_TRANSMISSION_COUNTER if it receives notification of power ramping suspension. 

2.2 Power Ramping in NR
RAN1 has agreed that if the UE conducts beam switching, the counter of power ramping remains unchanged. If UE doesn’t change beam, the counter of power ramping keeps increasing. As discussed in section 2.1 power ramping procedure is specified in MAC and hence this agreement has impact on MAC specification. 
According to RAN1 agreement, if the TX beam used for Nth PRACH transmission is different from the beam used for N-1th PRACH transmission, the power is not ramped up for the Nth PRACH transmission. Note that N-1th PRACH transmission is not dropped by PHY layer. It was a valid transmission. Hence it needs to be counted during retransmission to determine whether UE has reached the maximum number of PRACH transmissions or not. 

In order to implement the RAN1 agreement we propose to define two counters PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER in MAC specification. 
· The PREAMBLE_TRANSMISSION_COUNTER is used to count the number of PRACH transmissions during a random access procedure and to take appropriate actions when the count reaches the maximum value. 
· PREAMBLE_POWER_RAMPING_COUNTER is used in calculating power for PRACH (re-) transmissions.
 The MAC entity actions for these counters are as follows:
· 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 during PRACH retransmission (this is according to RAN1 agreement). 

Specification changes for this approach are provided in Appendix 1.

Proposal 1: Two counters PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER are defined in MAC specification. 
Proposal 2: MAC entity initializes PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER to 1 when the Random procedure is initiated. 
Proposal 3: MAC entity increments PREAMBLE_TRANSMISSION_COUNTER by 1 if RAR reception is not successful or contention resolution is not successful. 
Proposal 4: MAC entity increments PREAMBLE_POWER_RAMPING_COUNTER by 1 if UE does notchange beam during PRACH retransmission. 
Proposal 5: Adopt the changes in appendix 1 in MAC specification
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: Two counters PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER are defined in MAC specification. 

Proposal 2: MAC entity initializes PREAMBLE_TRANSMISSION_COUNTER and PREAMBLE_POWER_RAMPING_COUNTER to 1 when the Random procedure is initiated. 
Proposal 3: MAC entity increments PREAMBLE_TRANSMISSION_COUNTER by 1 if RAR reception is not successful or contention resolution is not successful. 
Proposal 4: MAC entity increments PREAMBLE_POWER_RAMPING_COUNTER by 1 if UE does notchange beam during PRACH retransmission. 
Proposal 5: Adopt the changes in appendix 1 in MAC specification
4 References

[1] R2-1707489, “RAN1 LS on beam aspects of PRACH”
[2] TS 36.321 V 14.2.1, “E-UTRA MAC Specification”
[3] R2-145296, LS on RAN2 agreements on RA preamble power ramping suspension
5 Appendix
5.1.1 Random Access procedure initialization
The following UE variables are used for the random access procedure:

-
PREAMBLE_INDEX;
-
PREAMBLE_TRANSMISSION_COUNTER;
-    PREAMBLE_POWER_RAMPING_COUNTER
-
PREAMBLE_RECEIVED_TARGET_POWER;
-
PREAMBLE_BACKOFF;
-
TEMPORARY_C-RNTI.
The random access procedure is initiated as follows:

The MAC entity shall:

1>
flush the Msg3 buffer;

1> set the PREAMBLE_TRANSMISSION_COUNTER to 1; 
1> set the PREAMBLE_POWER_RAMPING_COUNTER to 1;
1>
set the PREAMBLE_BACKOFF to 0 ms;

1>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
5.1.3
Random Access Preamble transmission

The MAC entity shall:

1>
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep;
5.1.4
Random Access Response reception
2>
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):

3>
consider this Random Access Response reception successful;

3>
apply the following actions for the serving cell where the Random Access Preamble was transmitted:

4>
process the received Timing Advance Command (see subclause 5.2);

4>
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep);
:
1>
if the Random Access Response reception is not considered successful:

2>
consider the Random Access Response reception not successful;
2>
increment PREAMBLE_TRANSMISSION_COUNTER by 1; 
2>
if UL TX beam for next PRACH transmission is same as previous PRACH transmission, increment PREAMBLE_POWER_RAMPING_COUNTER by 1; 
2>
if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 1:

3>
if the Random Access Preamble is transmitted on the SpCell:

4>
indicate a Random Access problem to upper layers;

3>
else if the Random Access Preamble is transmitted on a SCell:

4>
consider the Random Access procedure unsuccessfully completed;
5.1.5
Contention Resolution

1>
if the Contention Resolution is considered not successful:

2>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;
2>  increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
if UL TX beam for next PRACH transmission is same as previous PRACH transmission, increment PREAMBLE_POWER_RAMPING_COUNTER by 1; 
2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
indicate a Random Access problem to upper layers.
