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1 Introduction
During the NR SI, the following was agreed [1]

“NR defines that 
-
a random access preamble format consists of one or multiple random access preamble(s),

-
a random access preamble consists of one preamble sequence plus CP, and

-
one preamble sequence consists of one or multiple RACH OFDM symbol(s) 

UE transmits PRACH according to the configured random access preamble format.”

“For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam.”

“At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam. Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices. A preamble index consists of preamble sequence index and OCC index, if OCC is supported. Note that a subset of preambles can be indicated by OCC indices..”
“NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window.”

The power ramping of Msg1 preamble re-transmission as a result of RAR absence has been discussed and the following has been agreed earlier [2].  
Agreement:

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

During the RAN1#89 meeting, a down-selection of the power ramping option was agreed [3]:
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 discuss the implication of the above-mentioned agreement regarding the counter of power ramping on NR RACH PHY and MAC layer design. 
2 Discussion
The counter of power ramping has been discussed for Msg1 re-transmission in RAN1 for NR RACH procedure.  It should be noted that in LTE systems PHY layer does not maintain a counter of power ramping for the RACH procedure. Instead, according to [4], PHY layer receives a PRACH power parameter, PREAMBLE_RECEIVED_TARGET_POWER, from MAC layer and calculates the PRACH power as specified below in TS 36.213 [4]. 

Correspondingly, in MAC specification TS 36.321 [6], PREAMBLE_TRANSMISSION_COUNTER is specified as 
 SHAPE  \* MERGEFORMAT 



Based on the standard excerpts above, we can conclude:
Observation 1: LTE PHY layer does not maintain a counter of power ramping for RACH procedure. 

Observation 2: LTE MAC layer administers the PRACH power ramping by using a preamble transmission counter.  

In addition, LTE MAC layer uses the preamble transmission counter to ensure a UE will not transmit more PRACH preambles than the maximum preamble transmission value configured in RACH configuration by the network. 
Observation 3: LTE MAC layer also uses the preamble transmission counter to ensure the number of the UE PRACH preamble transmission does not exceed a maximum configured by the network.  

Therefore, it will be helpful to  evaluate the standard impact of the RAN1 RACH power ramping agreement on both PHY and MAC specifications.  The RAN1 agreement may lead to:
Opt-1: NR UE PHY layer maintain a new counter of power ramping to set the PRACH power depending on beam switching as stated in the RAN1 agreement.  L1 updates the power ramping autonomously based on the beam management procedure e.g. beam switching applied in the Msg1 re-transmission.  As a result, the NR UE PHY may determine both the path loss and power ramping aspect of the PRACH preamble power setting.  The MAC will still set the power parameters that are not related to beam management, e.g. the one depending on RACH preamble format.
Opt-2: NR UE MAC layer administers the power ramping with PHY notification regarding the beam switch decision applied to the preamble.  Note the beam switch for preamble re-transmission is agreed as specific to UE PHY implementation without MAC involvement.  However, in order for MAC to increment the preamble counter and thereby calculate the preamble power in accordance with the RAN1 agreement discussed above, MAC will require an input from PHY layer and adjust the preamble counter accordingly.  For example, MAC may not increment the counter when L1 indicates a beam switching for the next preamble.  As a result, the preamble power will be unchanged as the RAN1 agreement desires.  However, another consequence is that the counter will not maintain the correct number of total transmitted preambles using all beams during the RACH procedure.  It should be further considered how to use this counter or a new counter in MAC layer for the purpose of limiting the number of transmitted preambles below the configured maximum value. Our companion contribution [7] adresses this issue in the MAC layer. 
Observation 4: NR RACH power ramping RAN1 agreement needs to clarify its impact on NR UE PHY and MAC design. 
In any case, the power ramping agreement needs further clarification and involvement of RAN2 in order to achieve an effective and consistent RACH design across PHY and MAC layers.   
Proposal 1:
Evaluate the impact of RAN1 Msg1 re-transmission power ramping agreement on both PHY and MAC specifications and coordinate the effort to implement the desired RACH power ramping behavior with beam switching.  
3 Conclusion

This contribution discusses implication of the RAN1 power ramping agreement on NR RACH PHY and MAC layer design.  The following observations are made:
Observation 1: LTE PHY layer does not maintain a counter of power ramping for RACH procedure. 

Observation 2: LTE MAC layer administers the PRACH power ramping by using a preamble transmission counter.  

Observation 3: LTE MAC layer also uses the preamble transmission counter to ensure the number of the UE PRACH preamble transmission does not exceed a maximum configured by the network.  

Observation 4: NR RACH power ramping RAN1 agreement needs to clarify its impact on NR UE PHY and MAC design. 
The proposals based on the discussions above are summarized below:
Proposal 1:
Evaluate the impact of RAN1 Msg1 re-transmission power ramping agreement on both PHY and MAC specifications and coordinate the effort to implement the desired RACH power ramping behavior with beam switching.  
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“Set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;


and if no RAR is received within the RA Response window, or if none of all received RAR has a   Random Access Preamble identifier corresponding to the transmitted Random Access Preamble, the RAR reception is considered not successful and so to 


increment PREAMBLE_TRANSMISSION_COUNTER by 1;


If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1, indicate a Random Access problem to upper layers”
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