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1 Introduction

RACH issues related to rel-13 MTC UE in coverage enhancement have been discussed in both RAN1 and RAN2 meetings and some RAN1 agreements are listed below.
	RAN1
Agreements: [1]
· For coverage enh. of PRACH, for initial random access 
· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level  

Agreements: [2]
· For coverage enh. of PRACH: 
· When UE receives RAR but fails contention resolution 

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

Agreement:[3]
· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation




In this paper, we will give our views on the PRACH power ramping procedure in non large repetition from RAN2 point of view based on the RAN1 agreements above.

2 Discussion
According to the agreement listed above, in non large repetition level, e.g. no/small repetition level, PRACH power ramping procedure is based on current PRACH transmit power equation. However, the PRACH transmit power equation may need some modification considering the serious near-far effect. This section will discuss the near-far effect and the corresponding modification firstly, and then discuss the issues brought by the level change and the corresponding modification. 
2.1 Near-far effect for preamble transmission 
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Fig 1 Mapping between CE requirement and CE level
As shown in Fig 1, we will take UE1 and UE2 both in Level1 as the example, in which UE1 has 1dB CE(Coverage Enhancement) requirement, and UE2 has 4dB CE requirement. Obviously, the largest CE requirement in a level should be used as the compensation gain of that level, to keep CE requirement of all the UEs belonging to that level can be satisfied. For example, 5dB should be used as the compensation gain in Level1.
According to the current PRACH transmit power equation in [4]:
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The PREAMBLE_RECEIVED_TARGET_POWER is set as:
PREAMBLE_RECEIVED_TARGET_POWER = 
preambleInitialReceivedTargetPower + DELTA_PREAMBLE
 + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
UE1 and UE2 will always use 
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 as the PRACH transmit power, for they both have large
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. Then the PRACH received power in eNB could be:

[image: image7.wmf]PRACH

R

P

-

 = 
[image: image8.wmf])

(

CMAX,c

i

P

-
[image: image9.wmf]c

PL

+5 (dB)

This will result that, the PRACH received power of UE1 at eNB will 3dB larger than the one of UE2, for the
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of UE1 is 3dB less than the 
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 of UE2. The preamble receiving performance of UE2 will be impacted seriously, which will consume UE2 more access time and power. At the same time, it is also a power waste for UE1, for UE1 needs not use the maximum transmit power.  
Proposal 1: For MTC UE in small coverage, PRACH power ramping procedure should be modified, considering the serious near-fact effect.

One possible way to mitigate the near-far effect and reduce the power consumption is to take the compensation gain into count when determining the transmit power as following, in which, the ideal compensation gain of 10log Nrep is used for Nrep repetition number. 
In the initial repetition level, the PRACH transmit power ramping equation can be 
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower – 10log Nrep
 + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
Formula 1
Which can be less than
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. PREAMBLE_TRANSMISSION_COUNTER and powerRampingStep can be level-specific. 
Proposal 2: 10log Nrep can be introduced in PRACH transmit power equation.
2.2  The transmit power setting after changing level

According to the RAN1 agreements, the UE operating in CE will move to next high level, if it has attempted the allowed maximum number times in the current level. This is a new case for the PRACH transmit power setting. 
We take UE2 in Fig 1 moving to Level2 after the allowed maximum attempts in Leve1as the example.  
Based on the new PRACH transmit power equation, if UE2 takes the Level2 as its initial CE level, and set the initial PRACH transmit power (with no power ramping) in Level2 using Formula 1in last section:

PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower – 10log (N2rep) + DELTA_PREAMBLE 
The corresponding received power at eNB is

P2= preambleInitialReceivedTargetPower+ DELTA_PREAMBLE-PLUE2
However, the transmit power of UE2 last PRACH in level before level change is:

PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower – 10log ( N1rep) + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
The corresponding received power at eNB is

P1= preambleInitialReceivedTargetPower+ DELTA_PREAMBLE
+ (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep -PLUE2
Obviously P2 < P1. Then the receiving performance of UE2 PRACH will not be improved because of level change. However, the target of level change is to improve the UE PRACH receiving performance. 

Proposal 3: For MTC UE in no and small coverage, power setting after changing level should be modified based on the new PRACH transmit power equation.
As analyzed above, in the level changing case, we should at least make sure that the preamble received power in the new CE level, P2, will be larger than the received power in the old CE level. Otherwise, the receiving probability at eNB will not be improved. That is, we should make sure
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For simplification, the received preamble power at the eNB power of UE2 in level 1 and level 2 can be calculated respectively as:
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Where, PPRACH1 is the transmit power of last attempt in level 1, and PPRACH2 is the transmit power of the first attempt in level 2. Then we get:
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We can use this formula to determine the initial preamble transmit power of the UE in the new level.
For example,
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And then the UE can do power ramping based on the determined initial PRACH transmit power above, until reaching the maximum attempt number of that PRACH repetition level, like:
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Formula 2
Based on the discussion above, we have:
Proposal 4: For MTC UE in no and small coverage, formula 2 can be used to decied the initial preamble transmit power of the UE in the new leve. It depends on UE implemtation what is the value of 
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3 Conclusion

In this contribution, we try to give some views on the PRACH power ramping in coverage enhancement from RAN2 point views, and the following proposals are given:
Proposal 1: For MTC UE in small coverage, PRACH power ramping procedure should be modified, considering the serious near-fact effect.
Proposal 2: 10log Nrep can be introduced in PRACH transmit power equation.
Proposal 3: For MTC UE in no and small coverage, power setting after changing level should be modified based on the new PRACH transmit power equation.
Proposal 4: For MTC UE in no and small coverage, formula 2 can be used to decied the initial preamble transmit power of the UE in the new leve. It depends on UE implemtation what is the value of 
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