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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.”


RAN1 previously discussed power ramping for the Msg1 preamble re-transmission as a result of RAR absence. The following agreements were made [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 RAN#89, a down-selection of the power ramping option was further 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


This contribution further discusses the implications of the above 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. In LTE, the PHY layer does not maintain a counter of power ramping for the RACH procedure. Instead, the PHY layer receives a PRACH power parameter, PREAMBLE_RECEIVED_TARGET_POWER, from the MAC layer and calculates the PRACH power as specified below in TS 36.213 [4]: 

 SHAPE  \* MERGEFORMAT 



Correspondingly, TS 36.321 [6] specifies the PREAMBLE_TRANSMISSION_COUNTER as follows: 

 SHAPE  \* MERGEFORMAT 



Based on the standard excerpts above, we can make the following observations:

Observation 1: 
The LTE PHY layer does not maintain a counter of power ramping for RACH procedure.
Observation 2: 
The LTE MAC layer controls the PRACH power ramping by using a preamble transmission counter.
In addition, the LTE MAC layer uses the preamble transmission counter to ensure that the UE will not transmit more PRACH preambles than the maximum preamble transmission value configured by the network in RACH configuration. 

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

However, the following RAN1 decisions about power ramping have clear impacts to RAN2 specifications and procedures:

	· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power


The following three interpretations can be derived from the RAN1 agreements:

1. The 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.

In this case, L1 updates the counter directly 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 the path loss and power ramping aspect of the PRACH preamble power setting. The MAC may still set the power parameters that are not related to beam management, e.g. the one depending on RACH preamble format.  

2. The NR UE MAC layer uses a preamble transmission counter to set the PRACH power in a similar manner as the LTE RACH procedure.

In this case, the NR UE MAC layer will set a different type of power ramping behavior as specified in the RAN1 agreement based on whether beam switching is used for the Msg1 re-transmission. The NR UE MAC layer has knowledge of the beam switching decision for the re-transmission, either because the PHY layer signaled the decision or MAC layer is actually involved in the beam management.   

3. The NR UE Msg1 preamble re-transmission power behavior desired by RAN1 and the counter of power ramping is not an actual counter suggested by RAN1 but rather used generally to describe the power ramping behavior. A coordination with RAN2 is necessary to understand better how to achieve this behavior and the functions required for PHY and MAC layer.

RAN2 should discuss what should be the correct interpretation from the above, and determine whether this is coherent with the expected modelling of power ramping in the MAC layer and in the PHY layer for NR.

Observation 4: 
RAN1 agreements for RACH power ramping in NR needs to further clarify what the counter of power entails and its impact on NR UE PHY and MAC design. 
In any case, the power ramping agreement needs further clarification and at least some validation by RAN2 to ensure an effective and consistent RACH procedure design.   

Proposal 1:
RAN2 should validate the desired UE behavior of power ramping for preamble retransmissions and the modelling between the PHY and MAC layers in light of the RAN1 discussions on beam switching.

One understanding of the RAN1 agreement based on way forward R1-1709493, RAN1 discussions and related contributions leading up to the agreement intends to align with alt. 2. With alt.2, the UE does not perform power ramping (i.e. would not increase the transmission power) for the retransmission of a preamble if beam switching has occurred between the time of the transmission of the preamble and the determination that the RAR was not received after the end of the random access response window.

From the perspective of RAN2 specifications and for the MAC random access procedure, the UE determination to apply power ramping for the retransmission of a preamble should remain exclusively tied to the expiration of the RAR window without successful reception of a RAR response from the network for the concerned preamble transmission – irrespective of beam management and/or beam-switching events. This would minimize any possible negative impact to the delay of the random access procedure. In other words, beam switching should not impact the power ramping logic of the UE, the MAC layer should remain agnostic to beam management events and the impact of beam switching should mainly be related to the update of the pathloss estimation for the new beam. Consequently, the preamble transmission counter is only increased upon the expiration of the RAR window without successful reception of RAR, irrespective of beam management events.
Proposal 2: Power ramping for the retransmission of a preamble is applied at the expiration of the RAR window without successful reception of a RAR response, irrespective of beam management events.
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: 
The LTE PHY layer does not maintain a counter of power ramping for RACH procedure.
Observation 2: 
The LTE MAC layer controls the PRACH power ramping by using a preamble transmission counter.
Observation 3: 
The LTE MAC layer uses the preamble transmission counter to ensure that the number of the UE PRACH preamble transmission does not exceed a maximum configured by the network.  

Observation 4: 
RAN1 agreements for RACH power ramping in NR needs to further clarify what the counter of power entails and its impact on NR UE PHY and MAC design. 
Proposal 1:
RAN2 should validate the desired UE behavior of power ramping for preamble retransmissions and the modelling between the PHY and MAC layers in light of the RAN1 discussions on beam switching.

Proposal 2: Power ramping for the retransmission of a preamble is applied at the expiration of the RAR window without successful reception of a RAR response, irrespective of beam management events.
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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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