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1 Introduction

In RAN2#92 a number of agreements were made related to random access procedure:
A new variable PREAMBLE_TRANSMISSION_COUNTER_CE in MAC is used to count the number of preamble transmission attempts in each coverage level.

FFS Whether the existing PREAMBLE_TRANSMISSION_COUNTER is used in addition to the PREAMBLE_TRANSMISSION_COUNTER_CE. UE would continue at the highest CE until PREAMBLE_TRANSMISSION_COUNTER reaches it maximum.

RAN1#82 agreement:

· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation
During the email discussion one of the identified open issues is how power ramping is performed for the random access procedure when the UE switches levels.   Two options were identified:

· Option 1: The UE sets the PREAMBLE_RECEIVED_TARGET_POWER using the PREAMBLE_TRANSMISSION_COUNTER as in legacy.

· Option 2: The UE sets the PREAMBLE_RECEIVED_TARGET_POWER using the PREAMBLE_TRANSMISSION_COUNTER_CE

A number of companies preferred option 1, given the simplicity.  However, we believe that option 1 has a number of technical issues and in this contribution we assess and discuss the two options.   

In addition, this contribution discusses, the need for a power compensation factor for the repetition in the power calculation formula.  
2 Discussion

2.1 Power Ramping when the UE moves to new coverage level 

With option 1, when the UE switches coverage level (due to exceeding preamble transmissions) it continues using the last preamble power used at the old CE level + a ramp up step.  With option 2, the UE recalculates the PRACH power according to initial target power and path loss and restarts the power ramping procedure.

Assuming coverage ranges of 5dB, when the UE moves to the next coverage level, the effect of repetitions can essentially add up to a 5dB gain.  Therefore, when the UE moves to the next coverage level, due to the added number of repetitions, the required power may be less than the highest power required in the lower level.   If the UE starts at the last power used in the previous coverage level and adds additional repetitions, the power used by the UE may be way too high, resulting in increased interference in the network and additional power consumption in the UE.  

Observation 1 When the UE moves to the next coverage level, due to the added number of repetitions, the required power may be less than the highest power required in the previous lower level 

Considering the fact that repetitions are very wasteful from a resource and UE battery point of view, it is important that the UE tries its best to use the lowest coverage level possible before moving to the next level.   It is more efficient for the UE to use a lower repetition number at a higher power than to use a high repetition number with a lower power.   

This implies that a proper network configuration would be such that for a given CE level (e.g. assuming a certain measured path loss by the UE), PRACH power parameters including the target initial power, power ramping steps and PREAMBLE_TRANSMISSION_COUNTER_CE are set such that a UE would end up at the highest power level at the end of the max preamble retransmissions for the given CE level.   

Therefore, if the proper power ramping parameters are configured for each level, the UE would be at max power (or very close) when moving to the next CE level, otherwise repetitions would be used for no reason.  

Observation 2 Power ramping parameters (Initial target power, power ramping steps and PREAMBLE_TRANSMISSION_COUNTER_CE) will be configured such that the UE would be at max power or very close prior to moving to the next level, otherwise repetitions would be used for no reason.  
Starting the preamble transmission at max power when moving to the new level seems to be highly wasteful, as the UE would not need to use full power due to the repetition gain. Additionally, starting at such high power unnecessarily would result in additional interference at the network. We also note that the main reason for the agreement to ramp the power at all CE levels (except the highest) was to avoid this unnecessary interference. If the power is started at the max, the ramping at the next level is in effect eliminated, resulting in the interference that was intended to be avoided.

Observation 3 If option 1 is used, the UE would transmit at the next CE level at an unnecessarily high power, generating interference to the network and wasting power.  

To keep interference in the network at a predictable level, the power used by a UE that starts at the right CE level should be the same as the power used by a UE that started wrongly at a lower level and went to the same higher level.  To achieve this consistency, the UE should reinitiate power ramping at every new CE level, i.e., use option 2.  Reinitiating power ramping when changing CE level would help reduce interference and battery consumption in the UE.
Observation 4 Reinitiating power ramping when changing CE level would help reduce interference and battery consumption in the UE.  
From a specification point of view, both options are equally simple to specify and therefore we should focus our discussion in RAN2 on the technical considerations.  We have provided a simple example of how option 2 would be specified using the current running 36.321 CR as a baseline, and the existing text related to a BL UE and CE UE was grouped together
-
if the UE is a BL UE or a UE in enhanced coverage:

- if the most recent PRACH enhanced coverage level for the UE is the highest enhanced coverage  level supported in the Serving Cell:

-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + P-Max;

- else

- set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER_CE – 1) * powerRampingStep;

-    instruct the physical layer to transmit a preamble with the number of repetitions required for preamble transmission corresponding to the selected preamble group (i.e., numRepetitionPerPreambleAttempt) using the selected PRACH, corresponding RA-RNTI, preamble index, and PREAMBLE_RECEIVED_TARGET_POWER.

-
else:

-  set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;

-
instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble index and PREAMBLE_RECEIVED_TARGET_POWER.
As seen in this contribution, option 1 would result in the use of unnecessarily high power and interference when moving to the next CE level when compared with option 2. Option 2 would result in the desired UE behaviour when considering interference and power calculations in the UE.  Additionally, the specification complexity is the same for both options.  

Proposal 1 For CE levels in which power ramping is used, power ramping should be restarted at each new CE level and the PREAMBLE_TRANSMISSION_COUNTER_CE should be used. 

2.2 Repetition compensation factor

The preamble received target power is determined as:

preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
where the preambleInitialReceivedTargetPower and powerRampingStep are configured by the eNB.  

In the current MTC specification, one set of values is configured and used for all CE levels.  For normal UEs, these parameters would be configured such that in the worst case scenario, a UE at the real coverage limit would start with a power set to or close to Pmax.  If these same set of values are used for the worst CE levels and taking into account that the pathloss can change by 5dB in each coverage level, then inevitably, the power of the preamble would always end up being set to Pmax.    

RAN1 agreed to that in order to avoid near-far impact within the same CE level due to a large received power difference, a power ramping based on current PRACH power control equation is used except for the large repetition case.   If the same power values are used for all CE levels and the gain due to repetition is not taken into account, then the near-far problem within the same CE level cannot be solved as all UEs will be transmitting at highest power and the ramping at any level other than the normal coverage is in effect eliminated. 

Observation 5 If the gain due to repetition is not taken into account in the PRACH power calculation, all UEs that are not in normal coverage would end up using Pmax

Therefore, the initial transmission power of a PRACH preamble transmission in each CE level should take the repetition into account, which may result in balanced received power from UEs in the same CE level. 

To take the power gain due to repetitions into account, either a different preambleInitialReceivedTargetPower needs to be transmitted per coverage level or a delta offset can be introduced in the  PREAMBLE_RECEIVED_TARGET_POWER to compensate for the repetition factors.  
For example, 
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + DELTA_OFFSET + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep, where DELTA_OFFSET can be a predefined value for each repetition number.

We note that this is essentially similar to the legacy LTE-A DELTA_PREAMBLE, which is added to the power formula to compensate for the different preamble formats.  

Table 7.6-1: DELTA_PREAMBLE values.

	Preamble Format
	DELTA_PREAMBLE value

	0
	0 dB

	1
	0 dB

	2
	-3 dB

	3
	-3 dB

	4
	8 dB


As it can be seen, format 2 and 3 have a compensation factor of -3dB as this particular format consists of two preamble repetitions.  

To be consistent, we think that a similar approach should be adopted, where the delta offset provides the compensation number for each repetition value.   

Proposal 2 Introduce an offset to the initial PRACH transmission power formula which compensates for the repetitions of PRACH preamble 
3 Conclusion

In this contribution the following observations we made related to the PRACH power ramping:

Observation 6 When the UE moves to the next coverage level, due to the added number of repetitions, the required power may be less than the highest power required in the previous lower level 

Observation 7 Power ramping parameters (Initial target power, power ramping steps and PREAMBLE_TRANSMISSION_COUNTER_CE) will be configured such that the UE would be at max power or very close prior to moving to the next level, otherwise repetitions would be used for no reason.  

Observation 8 If option 1 is used, the UE would transmit at the next CE level at an unnecessarily high power, generating interference to the network and wasting power.  

Observation 9 Reinitiating power ramping when changing CE level would help reduce interference and battery consumption in the UE.  

As a result of the above observations the following proposal was made:

Proposal 3 For CE levels in which power ramping is used, power ramping should be restarted at each new CE level and the PREAMBLE_TRANSMISSION_COUNTER_CE should be used. 
In addition, for power calculation the following observations and proposal was madE:

Observation 10 If the gain due to repetition is not taken into account in the PRACH power calculation, all UEs that are not in normal coverage would end up using Pmax

Proposal 4 Introduce an offset to the initial PRACH transmission power formula which compensates for the repetitions of PRACH preamble 
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