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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:
· 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
This contribution gives some update on [1] according to the latest agreements shown above, and discusses further on the transmission power setting of preamble.
2 Power ramping or always max power 
This section gives discussion on this open question of power ramping or always max power used 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 associated with a signal repetition number (the actual PRACH CE will be less than this).  The UE can determine the preamble level based on the path loss, which we discuss more in [2] where simulations show the network can configure this to be feasible.
The eNB needs to set the configuration of the number of repetitions used by the UE in each repetition level. 
It is not good for UEs in good coverage (with less CE requirement than the upper bound of the range) to transmit at the max. power, for UE power consumption reduction. For example, the UE1 with 1dB CE requirement, or UE2 with 4dB CE requirement in Fig 1, may not need use max. power. On the 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, for the receiving power of the UE1 preamble may be 3dB higher than the receiving power of the UE2 preamble.  
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Fig 1: Mapping among pathloss, preamble level, and RAR level
Observation 1: In the initial CE level, maximum power does not need to be always used for the benefits of 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 2.
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Fig 2: 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

[image: image4.wmf]rep

2

UE2

MAX

UE2

log

10

N

PL

P

P

+

-

=


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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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 can be impacted seriously if they use the same PRACH time/frequency resources.
Observation 2: After changing to a higher CE level, maximum power should not always be used for the benefits of the preamble receiving performance. 

Proposal 1: The maximum transmit power should not always be used for the PRACH coverage enhancement, for the MTC UE preamble receiving performance. 

Instead, it is preferable for the UE to ramp its power within a PRACH repetition level, until reaching the maximum number of attempts at that PRACH repetition level.

3 Initial transmit power setting
3.1 In the initial repetition level

For normal UEs without the need of CE, a preamble transmission power 
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The initial preamble received target power (preambleInitialReceivedTargetPower) is configured by eNB, by which UE can adjust its transmission 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 [5]. 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 transmission power, assuming the number of repetitions set by eNB is Nrep, the transmission 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 transmission 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.
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, and PPRACH2 is the first preamble transmit power used in level 2. Terms
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 are used to adjust transmission 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 transmission power of the UE in the new level. Certainly, the transmission power has to be less than 
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Proposal 2: UE sets initial PRACH transmission power according to the current preamble coverage enhancement level (e.g., the number of preamble repetitions) that UE will use, and the coverage enhancement level of the old level after a level change. 
4 Conclusions
This contribution analyzes whether UEs should always transmit at the max power to reach preamble CE and how to set the transmission power based on the achieved agreements, and leads to the following observation and proposals:

Observation 1: In the initial CE level, maximum power does not need to  be always used for the benefits of MTC UE power consumption reduction and the preamble receiving performance. 

Observation 2: After changing to a higher CE level, maximum power should not always be used for the benefits of the preamble receiving performance. 

Proposal 1: The maximum power should not always be used for the PRACH coverage enhancement, for the MTC UE preamble receiving performance.  
Proposal 2: UE sets initial PRACH transmission power according to the current preamble coverage enhancement level (e.g., the number of preamble repetitions) that UE will use, and the coverage enhancement level of the old level after a level change. 
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