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1 Introduction
For initial random access, the coverage enhancement of PRACH has been discussed widely, and lots of agreements were achieved:
Agreements in RAN1 #80:

· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· FFS: Whether the configuration of the number of attempts is common or separate per repetition level

· Number of attempts per PRACH repetition level can be different

· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS UE behavior when UE receives RAR, but fails contention resolution
Agreements in RAN1#81:

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)

· NOTE: RAN1 will re-visit after RAN4 conclusion: if a UE operating CE selects based on DL measurement a starting PRACH repetition level

A way forward on PRACH transmit power [1] was also discussed during the RAN# 81 meeting. This contribution gives some update on [2] according to the latest agreements shown above, discusses further on the transmit power and power ramping for PRACH in coverage enhancement, and gives our proposals on the way forward.
2 Power ramping or always max power 
Power ramping is used when determining the preamble transmit power according to the current specification. So generally, less standard effort and operation consistency of UE can be expected if power ramping is also supported by the Rel-13 MTC UEs. 

In addition of benefit of less standard effort,  the following sections will give more detail discussion to show the benefits of using power ramping within each repetition level from the two aspects below:
2.1 In the initial repetition level
As shown in the agreements above, multiple attempts are allowed for each repetition level. It is FFS whether to allow power ramping within the repetition levels or to have the UE always directly transmit at its maximum permitted power.

Take as an example a cell where the maximum of 3 levels are configured. In the requirement of 15dB cell CE, the CE requirement is (for example) divided into: 0~5dB as level 1, 5~10dB as level 2, and 10~15dB as level 3 as in Fig 1, and each CE level is configured by eNB with a signal repetition number (the actual PRACH CE will be less than this).  For example in Fig 1, the eNB can configure the signal repetition number of Level 1, Level 2, Level3 separately based on the requirements of 5dB, 10dB, and 15dB. 
Firstly, the granularity of the CE level may be large, for example, about 5dB. There will be a large received power difference between two UEs operating in CE that assume the same repetition level but are at the opposite ends of the CE level, and near-far effect can occur, if maximum transmission power is always used. More detail discussion will be given in the following sections.  Secondly, that is, the same repetition number is used for all the UEs in the same CE level when they try their attempts, and the repetition number cannot be used as one dimension that can be adjusted to match UE’s channel condition in the same CE level. 
For most of the channel mode, in low SNR, e.g. SNR<=-15dB, the current requirement of RSRP/RSRQ measurement accuracy can be met by coherent combining of, for example, 200 CRS subframes [7]. So the UE can determine the preamble level based on the RSRP measurement. Two aspects are discussed below considering the MTC UE selecting a right or inaccurate PRACH CE level:
Firstly, we discuss the case of the MTC UEs has selected a right repetition level, for example, in a lower CE level, the actual CE requirement of UE1 is 1dB, and UE1 has selected Level 1 as its repetition level. 
In this case, UEs in good coverage (with less CE requirement than the upper bound of the range) does not need to transmit preamble at the max. power. For example, the repetition number of Level 1 in Fig 1, which is determined based on 5dB as discussion above, is larger than the needed repetition number than UE1 with 1dB requirement and UE2 with 4dB requirement. If UE1 or UE2 transmit their preambles with max. power, it will result in unnecessary power waste of UE1 or UE2. Moreover, the subsequent RACH Msg 4 transmissions will be also based on the coverage level detected from the preamble receiving, so power waste may be extended into the Msg4 transmission.On the other hand, if the UE1 and UE2 all use the max. power with the same repetition number, the preamble receiving performance of UE2 may be impacted seriously because of the near-far effect, for the receiving power of the UE1 preamble may be 3dB higher than the receiving power of the UE2 preamble.  Otherwise, power control can be used as legacy UEs. For example, the MTC UEs can set an initial transmit power considering the measurement path loss, and the compensation gain of the selected level, which may be less than maximum power, and use power ramping across the attempts. The power setting and ramping method will be discussed in section 3. The power waste, and the UE2 preamble receiving performance impact from UE1 can both be mitigated, because a less than maximum power is used, and the path loss of the UE is considered when setting the transmit power.
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Fig 1: Mapping among pathloss, preamble level, and RAR level
Power ramping has some advantages over maximum power transmission in cases of level mis-selection, for example, in a larger CE level, because the near-far effect and power waste can occur too:

· If UE selects a higher CE level than its actual CE requirement: for example in Fig 2, the actual coverage enhancement level of UE1 is Level 2, but it selects Level 3 as its coverage enhancement level. In this case, if the UE1 transmits its preamble with maximum power, it will impact seriously on the preamble receiving performance of the UE2 whose actual CE level is Level 3 and which is therefore experiencing higher pathloss than UE1, and this will also waste the power of UE1. If power ramping is used, the power waste of UE1, and the impact on the UE2 preamble receiving performance can both also be mitigated. 

[image: image2.emf]Preamble level

0

5dB/5rep.

10dB/20rep. 15dB/60rep.



Level 2

20 rep.



Level 1

5 rep.



Level 3

60 rep.

Pathloss

Range 1

Pathloss

Range 2

Pathloss

Range 3

UE1

actual

selected

UE2


Fig 2 UE selecting a higher CE level

· If UEs selects a lower CE level than its actual CE requirement:

· If the actual CE requirement is far from the critical point of two levels: for example in Fig 3, the actual CE requirement of UE1 is 14dB, which belongs to Level 3, and far from the critical point (10dB) of Level 2 and Level 3, but UE1 selects Level 2 as its CE level. In this case, the eNB cannot receive the preamble from UE1, even the UE1 transmits its preamble always in maximum power. Because maximum compensation gain of Level 2 (10dB) cannot match the actual requirement of UE1 (14dB). Even the using of maximum power may increase the successful probability, however, if less initial transmit power and power ramping across the attempts are used, the power consumption of UE1can be reduced in a great degree. Certainly, the eNB cannot also receive the preamble of UE1 if power ramping is used. 
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 Fig 3 UE selecting a lower CE level case 1
· If the actual CE requirement is near the critical point of two levels: for example in Fig 4, the actual CE requirement of UE1 is 11dB, which belongs to Level 3, and near the critical point (10dB) of Level 2 and Level 3, but UE1 selects Level 2 as its CE level. 
In this case, the eNB may or may not receive the preamble from UE1 if the UE1 transmit its preamble several attempts in maximum power. However this will impact the receiving performances of the UE2, whose CE requirement is 9dB, belonging to Level2 and near the critical point of Level2 and Level 3, if UE2 is using a transmit power less than maximum. 
If less initial transmit power and power ramping is used , the eNB can also receiving the preamble of UE1: let the UE1 transmit its preamble using a power less than maximum power with power ramping firstly, and then continue to transmit its preamble several attempts after reaching its maximum power. However, in the power ramping case, the power consumption can be reduced, and the impact on the UE2 preamble receiving performance can be mitigated. 
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Fig 4 UE selecting a lower CE level case 2
Based on the analysis above, 
Observation 1: In the initial CE level, power ramping should be used for the benefits of less standard effort, MTC UE power consumption reduction and the preamble receiving performance. 
As shown in the agreements, there is one to one mapping between PRACH repetition level and PRACH resource set. Then, the RAR repetition level can be initially linked to the preamble level, as shown in Fig 1, and discussed more in [3]. Multiple attempts at different powers in the same CE level will not change the used PRACH resources set, so the related RAR CE level will not change even though there has been more than one PRACH attempt. 

2.2 After changing to a higher repetition level
If the MTC UE does not receive RAR after the allowed number attempts, or if the UE considers the contention resolution not successful after the allowed number attempts, it moves to next higher repetition level. 
Firstly, consider that the max. power is used. Assuming there is a UE1 in level 1, and a UE2 in level 2. The UE1 will move to level 2 for some reason listed above, as shown in Fig 5.
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Fig 5: Coverage enhancement level changes.
The received preamble power at eNB of UE1 in level 2 can be calculated:
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The received preamble power at eNB of UE2 in level 2 can be calculated
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Where, PMAX is the maximum power, the PL​UE1 is the path loss of UE1, the PL​UE2 is the path loss of UE2, and 
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is the number of repetitions used by both UEs in repetition level 2. 
For the initial level of UE1 is level 1, the PL​UE1is in Pathloss Range 1. PL​UE2 is in Pathloss Range 2. That means PL​UE2 > PL​UE1. According the formulas, we will get PUE1 > PUE2. In this case, the preamble receiving performance of UE 2 can be impacted seriously if they use the same PRACH time/frequency resources. And it is also a power waste for UE1, because it is unnecessary for UE1 to transmit in maximum power, for the compensation gain of Level 2 is larger than the actual coverage enhancement requirement. And the power waste may also be extended into Msg4 transmission, as discussion above.
Power ramping should be used to mitigate the impact on preamble receiving performance, and power waste of the UE who changing level.
Power ramping also has advantages in these cases if there is level mis-selection:
· If the UE has started in a too-high CE level. In this case, the eNB can have received the preamble from the UE with high probability. If, even so, the UE moves from e.g. Level 2 to Level 3, the power ramping should also be used. For compensation gain of Level 3 is far larger than the actual requirement of UE, it is not necessary for UE using maximum power for power consumption reduction. And if maximum power is used by UE, it will impact the preamble receiving performance of the UEs whose actual CE level is Level 3.
· If the UE has started in a too-low CE level: for example the UE1in Fig 3 or Fig 4. The UE1 reaches its actual CE level after level moving, usually by one level.  The power ramping should also be used in this case. Or there will be a power waste for UE1, and the preamble receiving performance of other UEs will be impact, which are not using the maximum power and belong to Level 3 and have larger CE requirement than UE1.
Observation 2: After changing to a higher CE level, power ramping should be used for the benefits of MTC UE power consumption reduction and the preamble receiving performance. 

Proposal 1: The power ramping should be used for the PRACH coverage enhancement, for the MTC UE preamble receiving performance. 
How to set the PRACH transmit power in CE needs to be discussed with power ramping supported, for the repetition gain need to be considered. More detail discussion can be found in the section below.
3 Initial transmit power setting
3.1 In the initial repetition level

For normal UEs without the need of CE, a preamble transmit power 
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The initial preamble received target power (preambleInitialReceivedTargetPower) is configured by eNB, by which UE can adjust its transmit power in order to make the received power at eNB fulfill the requirement from the eNB, which benefits eNB to detect preambles with higher probability. Moreover, power ramping could be configured with step 0, 2, 4, and 6dB [4]. In such case, the PREAMBLE_RECEIVED_TARGET_POWER is set to [4]:

preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep   
DELTA_PREAMBLE is the adjustment to the transmit power made according to the preamble format [6]. 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 pathloss 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, the transmit power for each subframe is: 
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where the received target power is set to:
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE – 10log Nrep 
The 10log(Nrep) term is added to adjust the transmit power assuming the ideal (i.e. minimal) repetition number needed for the CE requirement. For example, 3 dB gain could ideally be achieved with 2 repetitions, and X dB could be used instead if X is configured by eNB for the same purpose.
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, as the legacy doing like:
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE – 10log Nrep +

(PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep  
Formula 1
3.2 After changing repetition level

As analyzed above, maximum power should not always be used when there is a level change.
Consider a UE1 moving from level 1 to level 2 in Fig 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 receiving 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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Where
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can be seen as the initial PREAMBLE_RECEIVED_TARGET_POWER after changing repetition level, that is,

[image: image26.wmf]D

+

+

=

)

N

10log(

-

)

N

10log(

 

P

 

 

RGET_POWER

ECEIVED_TA

PREAMBLE_R

rep

2

rep

1

PRACH

1


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
That is, the determination of PREAMBLE_RECEIVED_TARGET_POWER after changing level should consider the attempt transmit power in previous repetition level.  So we suggest approving one of the proposals in [1] that:
Proposal 2: After UE changes to next higher repetition level, PREAMBLE_RECEIVED_TARGET_POWER is adjusted from the previous repetition level attempt transmit power.

And as shown in Formula 1and Formula 3, for PRACH transmit power determination of the Rel-13 MTC UEs,
Observation 3: PRACH power ramping procedure within each repetition level can be based on current PRACH transmit power equation.

That is another proposal in [1] can also be considered:

Proposal 3: PRACH power ramping procedure within each repetition level is based on current PRACH transmit power equation.

4 Conclusions
This contribution analyzes the benefits of using power ramping  and how to set the PRACH transmit power based on the achieved agreements, and leads to the following observation and proposals:

Observation 1: In the initial CE level, power ramping should be used for the benefits of less standard effort, MTC UE power consumption reduction and the preamble receiving performance. 

Observation 2: After changing to a higher CE level, power ramping should be used for the benefits of MTC UE power consumption reduction and the preamble receiving performance. 

Observation 3: PRACH power ramping procedure within each repetition level can be based on current PRACH transmit power equation.

Proposal 1: The power ramping should be used for the PRACH coverage enhancement, for the MTC UE preamble receiving performance.
Proposal 2: After UE changes to next higher repetition level, PREAMBLE_RECEIVED_TARGET_POWER is adjusted from the previous repetition level attempt transmit power.

Proposal 3: PRACH power ramping procedure within each repetition level is based on current PRACH transmit power equation.
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