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1 Introduction

RACH issues related to rel-13 MTC UE in coverage enhancement have been discussed in both last RAN1 and RAN2 meetings and one RAN1 agreement is listed below.
	RAN1
Agreement:

· 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 in non large repetition from RAN2 point of view.

2 Discussion
According to the agreement listed above, in no large repetition level, e.g. no/small repetition level, PRACH power ramping procedure is based on current PRACH transmit power equation. This section will discuss how the PRACH power ramping procedure should be realized based on the current PRACH transmit power. The following two aspects are discussed:
2.1 In the initial repetition level

For normal UEs without the need of CE, a preamble transmit power 
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The PREAMBLE_RECEIVED_TARGET_POWER is set as:
PREAMBLE_RECEIVED_TARGET_POWER = 
preambleInitialReceivedTargetPower + DELTA_PREAMBLE
 + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
which preambleInitialReceivedTargetPower and PREAMBLE_RECEIVED_TARGET_POWER are configured by eNB, and DELTA_PREAMBLE is an adjustment value related to the preamble format. PREAMBLE_RECEIVED_TARGET_POWER will be the preamble received power at eNB, if 
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 is not used. 
For the case of CE, eNB will configure additional parameters related to coverage enhancement, including the repetition number of each level and the mapping between the path loss and the preamble levels. As an example to present how to set the transmit power, assuming the number of repetitions set by eNB is Nrep,.

If no change is done on the current power ramping equation, then 


[image: image6.wmf]PRACH

P

= 
[image: image7.wmf])

(

CMAX,c

i

P


For in the case of CE, MTC UE will have a very large path loss, and the (PREAMBLE_RECEIVED_TARGET_POWER +
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) can be far larger than
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In that case:

· The MTC UE in small repetition level will always use maximum transmit power, there is no power ramping space left, which is obviously not consistent with the agreements listed above;
· In the ideal case, we assume Nrep will get 10log Nrep dB gains. Then received power in eNB could be
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Formular 1
We take the allowed largest PRACH repetition level 3 levels as an example as shown in Figure 1:
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Figure 1 Mapping between path loss and repetition level
In repetition level1 10log Nrep should be 5dB.

The UE1 and UE2 belong to the same repetition level1, then they will have same compensation value 10log Nrep. However, the 
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 of UE1 will be 3dB less than the 
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 of UE2, as shown in Figure 1. And then, the preamble received power of UE1 at eNB will 3dB larger than the one of UE2, according to Formular 1. This will have serious impact on the preamble receiving performance of UE2.
On the other hand, the repetition gain is very lager than the 1dB enhancement requirement of UE1. If the power ramping equation is not changed, and always maximum transmit power is used, there will be a big waste on the UE1 power. Power consumption reduction is another important concern for the MTC item.

One possible way to update the current preamble power ramping equation can be:

PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower - 10log Nrep
 + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
Which can be less than
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, and then the preamble received power at eNB can be
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower
 + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep
This is the same with the normal UE case.
2.2 After changing repetition level
According the agreements from RAN1, if UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level. How to determine the preamble transmit power after changing repetition level should also be discussed, considering the UE power consumption reduction.
Consider a UE1 moving from level 1 to level 2 in Figure 1 as an example. We can calculate the received preamble power at the eNB power of UE1 in level 1 and level 2 respectively as:
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Where, P1 and P2 are the received preamble power from UE1 at the eNB in CE level 1 and level 2. PPRACH1 is the last transmit power used in level 1 which may be a result of several power ramping attempt, and PPRACH2 is the first preamble transmit power used in level 2. Terms
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 are used to adjust transmit power as defined in the last section. 

If the UE is changing up to level 2 after failing in level 1, we should make sure that the preamble received power at eNB 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 improve. That is, we should make sure
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We can use this formula to determine the starting preamble transmit power of the UE in the new level. Certainly, the transmit power has to be less than
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For example, 
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Where
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can be seen as the initial PREAMBLE_RECEIVED_TARGET_POWER after changing repetition level, that is,
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Formula 2
And then the UE can do power ramping based on the determined initial PRACH transmit power above, the preamble transmit attempt number, and the ramping step, until reaching the maximum attempt number of that PRACH repetition level, like:
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Formula 3
Proposal1: For MTC UE in no/small coverage, PRACH power ramping procedure should consider the compensation gains in the current CE level, and the gains in the last CE level if there is a level changing. 
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 proposal is given:
Proposal1: For MTC UE in no/small coverage, PRACH power ramping procedure should consider the compensation gains in the current CE level, and the gains in the last CE level if there is a level changing. 
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