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1 Introduction

RAN1 previously discussed power ramping for the Msg1 preamble re-transmission as a result of RAR absence. The following agreements were made at RAN1#88bis [1]: 
	Agreement:

For NR RACH Msg. 1 retransmission at least for multi-beam operation:

· NR supports power ramping. 

· 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 RAN1#89, the power ramping behavior when the UE conducts beam switching for a preamble retransmission was agreed [2]:

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


During RAN1 NR AH2, further agreements were reached on power ramping [3]:

	Agreements:
· 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

· UE behavior 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


Based on the agreements on the power ramping behavior and other RA procedure details for beamforming, RAN1 has sent an LS to RAN2 to inform RAN2 on this progress [4]. This contribution further discusses the implications of the above agreement regarding the counter of power ramping on the MAC Random Access procedure.

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 [5]: 

 SHAPE  \* MERGEFORMAT 



Further, TS 36.321 [6] specifies how the PREAMBLE_TRANSMISSION_COUNTER is used to ramp up the UL transmission power for preamble retransmissions and to determine whether the maximum number of retransmissions is reached: 

 SHAPE  \* MERGEFORMAT 



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

Observation 1: 
The LTE MAC layer controls the PRACH power ramping by using a preamble transmission counter.
In addition, the LTE MAC layer uses the same 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 2: 
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.  

In NR, RAN1 decisions regarding power ramping upon changing UL beams have clear impacts on NR-MAC specifications and the RA procedure. NR MAC layer uses a preamble transmission counter to set the PRACH power in a similar manner as the LTE RACH procedure. However, the power ramping behavior in NR MAC is changed as specified in the RAN1 agreement, depending on whether beam switching is used for the Msg1 re-transmission. The latest version of TS 38.321 [7] includes a “power ramping suspension” notification to prevent the MAC entity from increasing the PREAMBLE_TRANSMISSION_COUNTER for such case, though RAN1’s LS to RAN2 [4] does not indicate such signalling from the PHY layer:

	1>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while ra-ResponseWindowSize is running; […]

1>
if ra-ResponseWindowSize expires, and;

1>
if the Random Access Response has not been received:

2>
consider the Random Access Response reception not successful;
2>
if the notification of power ramping suspension has not been received from lower layers:
3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Editor's note: Need to confirm from RAN1 on power ramping suspension, and can be added later.
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;

2>
if in this Random Access procedure, the Random Access Preamble was selected by MAC:

3>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

3>
delay the subsequent Random Access Preamble transmission by the backoff time;

Editor's note: again, the backoff details can be discussed later.

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).


Therefore, the UE does not perform power ramping (i.e. would not increase the transmission power) for a preamble retransmission if beam switching has occurred and no RAR has not been received by the expiry of the RAR monitoring window. 

Proposal 1: If the UE conducts an UL beam switch before the expiry of the ra-ResponseWindowSize and no RAR is received, the PREAMBLE_TRANSMISSION_COUNTER shall not be incremented.
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.   
Proposal 2: An UL beam switch decision can be deduced from a “power ramping suspension” notification received from lower layers, if UL beam switching was based on L1 beam management.
Proposal 3: If the MAC entity supports UL beam switching within L2, an UL beam switch decision can be assumed without expecting a notification from lower layers.
One overlooked issue is the fact the same counter is used in MAC specifications for power ramping and for determining whether the maximum number of preamble transmissions has been reached. This was not an issue for LTE, as there were no restrictions on incrementing the REAMBLE_TRANSMISSION_COUNTER for each RAR monitoring window, meaning if no RAR is receiced by the expiry of the RAR monitoring window, the REAMBLE_TRANSMISSION-COUNTER is always increased in LTE MAC specifications and all preamble retransmissions are accounted for.
Keeping the same behavior may create an issue in NR, as the UE may transmit preambles for a long time prior to reaching RLF/declaring a problem to upper layers if UL beam switching is used. In theory, the UE may sweep over all possible UL beams before incrementing the transmission power by a step. For example, for a that has 10 UL beams, if ra-PreambleTx-Max is set to 15, the maximum number the UE attempts to transmit Msg. 1 before declaring RLF to upper layers is 150 attempts. Given the number of UL Tx beam switches is up to UE implementation -per RAN1 agreements above- and given ra-PreambleTx-Max cannot be tailored for each UE, this creates an ambiguous and an uncontrollable UE behavior and interference.

Observation 3:
If the counter used to determine whether ra-PreambleTx-Max has been reached is not incremented when the UE changes beams for preamble retransmissions, the UE may retransmit preambles for an uncontrollable number of attempts prior to declaring a problem to upper layers, which creates an ambiguous UE behavior.

Therefore, a separate counter from the power ramping counter should be used to determine whether ra-PreambleTx-Max has been reached or not. This provides protection for the network from uncontrollable interference, as the network may configure a suitable number of Msg. 1 attempts to ensure the interference on RACH channels is controlled by the network.
Proposal 4:
The MAC entity maintains a separate counter from the power ramping counter to determine whether ra-PreambleTx-Max has been reached or not. The counter can be named “Msg1_Attempts_COUNTER” and is always incremented upon the expiry of the RAR window if no RAR is received.
A text proposal based on TS 38.321 [7] corresponding to the proposals above is added in Appendix A.
3 Conclusion

This contribution discusses implication of the RAN1 power ramping agreement on NR RACH and MAC layer design. The following observations and proposals are made:
Observation 1: 
The LTE MAC layer controls the PRACH power ramping by using a preamble transmission counter.
Observation 2: 
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.  

Proposal 1: If the UE conducts an UL beam switch before the expiry of the ra-ResponseWindowSize and no RAR is received, the PREAMBLE_TRANSMISSION_COUNTER shall not be incremented.
Proposal 2: An UL beam switch decision can be deduced from a “power ramping suspension” notification received from lower layers, if UL beam switching was based on L1 beam management.

Proposal 3: If the MAC entity supports UL beam switching within L2, an UL beam switch decision can be assumed without expecting a notification from lower layers.
Observation 3:
If the counter used to determine whether ra-PreambleTx-Max has been reached is not incremented when the UE changes beams for preamble retransmissions, the UE may retransmit preambles for an uncontrollable number of attempts prior to declaring a problem to upper layers, which creates an ambiguous UE behavior.

Proposal 4:
The MAC entity maintains a separate counter from the power ramping counter to determine whether ra-PreambleTx-Max has been reached or not. The counter can be named “Msg1_Attempts_COUNTER” and is always incremented upon the expiry of the RAR window if no RAR is received.
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Appendix A – Text Proposal based on 38.321

5.1
Random Access procedure
5.1.1
Random Access procedure initialization
[Unchanged text is excluded]

The following UE variables are used for the Random Access procedure:

-
PREAMBLE_INDEX;
-
PREAMBLE_TRANSMISSION_COUNTER;
-
Msg1_Attempts_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 Msg1_Attempts_COUNTER to 1;

1>
set the PREAMBLE_BACKOFF to 0 ms;

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

Editor's note: to have RACH backoff mechanism was agreed in principle during SI phase, but details needs to be further discussed by RAN2.

Editor's note: beamforming aspect may impact to RA procedure across subclause 5.1, but RAN1 inputs would be further required.
5.1.4
Random Access Response reception

[Unchanged text is excluded]

1>  if ra-ResponseWindowSize expires, and;

1>  if the Random Access Response has not been received:

2>  consider the Random Access Response reception not successful;

2>  if the notification of power ramping suspension has not been received from lower layers:

3>  increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>  increment Msg1_Attempts_COUNTER by 1;
Editor's note: Need to confirm from RAN1 on power ramping suspension, and can be added later. 
Editor’s note: Power ramping suspension shall be assumed if an UL beam switch was performed based on beam management within the MAC entity -if agreed-, in which case the suspension notification may not be received from lower layers.
2>  if PREAMBLE_TRANSMISSION_COUNTER Msg1_Attempts_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;

“PPRACH = min{� EMBED Equation.3  ���, PREAMBLE_RECEIVED_TARGET_POWER + � EMBED Equation.3  ���} [dBm], where � EMBED Equation.3  ��� is the configured UE transmit power defined in [8] for subframe i of the primary cell and � EMBED Equation.3  ��� is the downlink pathloss estimate calculated in the UE for the primary cell.”





“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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