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1 Introduction
Preamble repetitions are needed even when UEs transmit at the maximal power in the case of 15dB cell coverage enhancement. It is a question that UEs always transmit at the maximal power or perform power ramping. The agreement achieved in Rel-13 not all of but related to this question are as following:
Agreements: (Rel-13)
· Multiple PRACH repetition levels are supported

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· 1 attempt = configured number of repetitions.

Some relevant questions were discussed in Rel-12 and the following agreements were achieved in Rel-12:
Agreements: (Rel-12)

· Multiple PRACH repetition levels are supported

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.
· FFS: Power ramping is supported
· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc).

The agreement of “If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15)” achieved in Rel-12 was not confirmed for Rel-13 in the last meeting, since it is unclear yet whether retransmission is allowed and why if not allowed. This contribution proceeds to analyze the L1 random procedure and focuses on preamble transmission including determination of the transmit power. 
2 Transmit the max. power or power ramping
An agreed WA is that 3 levels of PRACH repetition are supported at most and it is configured up to 3 by eNB. Taking 3 as an example, in the requirement of 15dB cell coverage enhancement (CE), eNB could configure 0~5dB as level 1, 5~10dB as level 2, and 10~15dB as level 3 as in Fig. 1. Likewise, eNB could configure such three levels for RAR transmissions as well, but the number of repetitions per level for preamble and RAR may be different. Note that the number of repetitions per level in Fig. 1 and Fig. 2 is just as an example. 
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Fig. 1: Mapping among pathloss, preamble level, and RAR level
eNB can configure the number of repetitions per level, but how eNB determines the number. If it is determined based on the requirement of less than 5dB for level 1 as an example and assuming all UEs will transmit at the max power, such number of repetitions may not fulfil the CE target of UEs requiring 5dB. Presumably it is determined by the upper bound of the range for the given level, so it is unnecessary for UEs in good coverage with less CE requirement to transmit at the max. power for the sake of eNB detection performance and UE power consumption. As shown in Fig. 2, in order to achieve the same received target power at eNB, UE1 (in need of 2dB CE) and UE2 (in need of 4dB CE) will transmit preambles at different powers, Tx power 1 and Tx power 2, respectively. 
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Fig. 2: Transmit power determination within the same preamble level
Observation: Not all UEs per preamble level will transmit at the max power to get the same received target power. 

Given UE may not transmit at the max power, if UE does not receive a RAR after 1 attempt, or if UE considers the contention resolution not successful after receiving the contention resolution message, it does not mean UE has to move to the next highest level, and retransmission of the preamble repetitions by power ramping in the current level is possibly beneficial over directly moving to the next highest level. 

There was a concern that power ramping or even only retransmission without power ramping in a given level may affect the CE level estimation accuracy. As shown in Fig. 1 the preamble level could be determined by the pathloss measurement. The RAR level could be initially linked to the preamble level. For example, the RAR level is determined based on the preamble level in which UE preamble transmission is detected correctly. In this case, some companies worry allowing retransmission in the same preamble level may lead to successful detection but possibly a higher RAR level may be needed. However, the worry could be alleviated by configuring more robust RAR level (e.g., relatively more number of repetitions per level), giving the network the ability to balance detection probability requirements with available resources. Note that the wide range per preamble level itself could guarantee some extent of the estimation accuracy of the required level. 

Proposal 1: The network can configure power ramping within a PRACH coverage enhancement level.
3 Set the transmit power

For normal UEs without the need of CE, a preamble transmission power PPRACH is determined as 
PPRACH = min{
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 } [dBm] [1]. 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 that eNB expects, which benefits eNB to detect preambles with higher probability. Moreover, power ramping could be configured with step 0, 2, 4, and 6dB [2]. In such case, the preamble received target power (PREAMBLE_RECEIVED_TARGET_POWER) is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep [3].
For the case of CE, eNB will configure the received target power in addition to other parameters including the number of repetitions per 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 is Number_of_repetitions, the transmit power for each subframe is: 
PPRACH = min{
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 } [dBm], where the received target power is set to
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower +
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 – 10log(Number_of_repetitions) + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep,

Where 
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 is the adjustment to the transmit power made according to the preamble format [3], and where the number of RACH preambles transmissions per preamble level and the power ramping step are configured by eNB. UEs could move to the next highest level if UEs achieves the configured max number of RACH preambles transmission in the current level but failed to receive a RAR or considered the contention resolution not successful.  
Note 10log(Number_of_repetitions) is used to adjust the transmit power assuming the ideal (i.e. minimal) number of repetitions needed for the CE requirement. For example, 3 dB gain could ideally be achieved with double repetition, and X dB could be used instead if X is configured by eNB for the same purpose.

Proposal 2: UE sets the transmit power according to the preamble coverage enhancement level (e.g., the number of preamble repetitions) that UE will use. 
4 Conclusions
This contribution analyzes whether UEs should always transmit at the max power to reach preamble CE and how to set the transmit power based on the achieved agreements, and leads to the following observation and proposals:

Observation: Not all UEs per preamble level will transmit at the max power to get the same received target power. 

Proposal 1: The network can configure power ramping within a PRACH coverage enhancement level.

Proposal 2: UE sets the transmit power according to the preamble coverage enhancement level (e.g., the number of preamble repetitions) that UE will use. 
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