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1
Introduction
In RAN1 #79, the Rel-12 agreements for PRACH coverage enhancement have been agreed to be reused for Rel-13 MTC UE [1]. The followings are captured in RAN1 chairman’s note as the agreements to be applied for Rel-13 MTC UE:

Agreements:

· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network

· Multiple PRACH repetition levels are supported

· Repeating the existing preamble formats for PRACH enhancement 

· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· 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.

In this contribution, we discuss on remaining issues for PRACH coverage enhancement.
2
Remaining Issues
Although Rel-12 agreements are confirmed, there are still a lot of issues need to be addressed to design the coverage enhanced PRACH for Rel-13 MTC UE. 
Starting CE level selection

It has been agreed that up to 3 CE levels can be configured by eNB for PRACH coverage enhancements and each CE level may correspond to a certain number of repetitions. A UE behaviour needs to be defined how the UE determines the CE mode and/or CE levels. If the normal coverage mode is considered as CE level-0, up to 3 additional CE levels (e.g. 1, 2, and 3) may be configured by eNB for PRACH preamble transmission. Therefore, a UE may need to determine the starting CE level among up to 4 CE levels.

In general, a UE may know whether the UE needs to operate in CE mode or not before the RACH procedure in many ways including downlink measurement (e.g. RSRP, pathloss). Also, the sync and PBCH reception quality can be also taken into account to determine the mode of operation. It is important that a UE starts with right mode of operation as it can reduce the number of trials which leads to reduced UE power consumption, access delay, contentions, and so on. Thus, it seems to be obvious that a UE need to determine the mode of operation based on the downlink channel quality.

Proposal-1: the mode of operation between normal mode and CE mode for PRACH preamble transmission should be determined by UE based on the downlink channel quality.

In line with the selection of the starting mode of operation, it is also beneficial for a UE to determine a right starting CE level for the same reason. One issue raised so far was the downlink measurement accuracy whether a UE can rely on the downlink measurement to select the starting CE level given the RSRP measurement accuracy minimum requirement is relatively coarse. However, the downlink measurement accuracy is typically better than the minimum requirement and well implemented UE receiver may provide enough accuracy to determine a right starting CE level considering that the UE have a chance to average longer period for the measurement before the RACH procedure as it requires longer acquisition time anyhow in coverage limited case. Therefore, it seems appropriate to select the starting CE level based on the downlink measurement.

Proposal-2: a UE in CE mode operation determines the starting CE level based on the downlink measurement.  
Power ramping

Two options have been discussed for PRACH transmission power in CE mode such as (i) transmit maximum power always in CE mode and (ii) transmit a required power in CE mode. Assuming that a new UE power class is used for Rel-13 low complexity UE such as 20dBm, the required maximum coverage enhancement level becomes 17dB since 155.7dB MCL is agreed in the previous meeting. Therefore, the 3 CE levels may need to cover up to 17dB which results in larger than 5dB granularity between CE levels. Therefore, transmitting maximum power always in the CE mode may waste up to 5dB which may result in unnecessary UE power consumption. In addition, the subsequent RACH msg transmission will be also based on the coverage level detected from the RACH msg1. Therefore, it is still attractive to transmit only required amount of power for PRACH preamble at this point.
Proposal-3: power control should be used for PRACH preamble transmission even in CE mode.
Given that the power control is used for CE mode, the existing UE behaviour such as power ramping can be reused if a UE doesn’t receive the associated RAR within the RAR window after RACH msg1 transmission. A maximum number of trial may be configured for each CE level so that a UE may move to next CE level after the maximum number of trial and within the number of trial in a certain CE level the power level can be kept increased.
Proposal-4: power ramping is used within a CE level and a maximum number of trial is configured for each CE level.
Multiplexing with legacy UE

The near-far problem has been pointed out for the case that the coverage limited UE and legacy UE are multiplexed in the same time/frequency resources, thus it is still FFS whether CDM multiplexing is allowed for legacy UE and coverage limited UE. The near-far problem mainly becomes an issue at the eNB receiver as the received power of PRACH preambles from these two types of UE will have a huge gap. For example, the received PRACH preamble power from coverage limited UE will be much lower than that from normal coverage UE even in the case that coverage limited UE transmits the maximum power (e.g. PCMAX). However, as long as the eNB receiver has a capability to receive two different level of signals at the same time with enough dynamic range, the CDM multiplexing seems to be still a viable solution. Therefore, it should be further investigated that what is the tolerable received signal power different eNB can receive at the same time. An LS may be sent to RAN4 to hear the opinion.

Proposal-5: send an LS to RAN4 to ask the tolerable receive signal power gap for PRACH preamble reception.
3
Conclusion
In this contribution, we discussed on the remaining issues on PRACH coverage enhancement for MTC UE. From the discussions, we propose followings:
Proposal-1: the mode of operation between normal mode and CE mode for PRACH preamble transmission should be determined by UE based on the downlink channel quality.

Proposal-2: a UE in CE mode operation determines the starting CE level based on the downlink measurement.  
Proposal-3: power control should be used for PRACH preamble transmission even in CE mode.
Proposal-4: power ramping is used within a CE level and a maximum number of trial is configured for each CE level.
Proposal-5: send an LS to RAN4 to ask the tolerable receive signal power gap for PRACH preamble reception.
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