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1 Introduction

In the RAN #60 meeting, a relative LTE coverage improvement – corresponding to 15dB for FDD – for a new UE category/type and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage was approved. As not all MTC UEs need the same amount of coverage improvement, a mechanism to support scalability of spectral efficiency impact for coverage improvement was raised in WID [1]:

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.
During the study item, PRACH was the only way which was widely discussed and some statements had been written in the TR36.888 [2]. In this contribution, we continue the discussion and some issues related to PRACH coverage improvement are also given. 

2 Coverage improvement on PRACH
For PRACH, the amount of additional coverage improvement for FDD is 14dB. In order to achieve the coverage target, link level techniques such as repetition, design new preamble format, and relaxed requirement had been studied in SI stage. Some conclusions from section 9.5.3 in the TR36.888 [2] are summarized below: 

· The extra coverage target of PRACH can be achieved as an example, by preamble repetition of about 200 times and/or new preamble format.
· Relaxing Pmiss will make it easier to meet the coverage target, and can be used in addition to repetition and/or new preamble format.
· As a complement to the other techniques, PSD boosting over a narrower bandwidth could be further studied. 
Repeating current preamble format is a possible way to boost coverage. This approach results in fewer specification impacts, but at the cost of spectral efficiency because CP is needed for each repetition.
New formats corresponding to different amount of preamble sequence repetitions had been discussed in [3], which are shown again in Table 1. For FDD, an MTC UE can transmit repeated preamble sequences in consecutive subframes. For TDD, as the maximum number of consecutive uplink subframes is 3 in the current TDD UL-DL configuration, fixed preamble sequence repetition and preamble format repetition is desired to deal with coverage improvement problem. 
Table 1. Random access preamble parameters
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	6240·Ts
	20·24576·Ts

	6
	6240·Ts
	200·24576·Ts

	7
	6240·Ts
	3·24576·Ts


Regarding the mapping resources, specific resource is expected for new preamble format, as shown in the TR36.888 “In order to reduce collision probability between coverage limited MTC UEs and legacy UEs, dedicated resource for coverage limited MTC UEs is expected”. A benefit of this consideration is that the mapping of repeating existing sequences can be freely designed without considering the collision with legacy preamble format. Existing format can be assigned to the cell for legacy UEs and normal MTC UEs without additional coverage improvement, and the new formats can be a second cell specific parameter corresponding to the second set of resources. 
Proposal 1: New preamble format for repetition should be designed and dedicated resource for coverage limited MTC UEs is used.
Sequence mapping for new preamble format was not addressed in study item. New preamble format can be mapped to multiple consecutive subframes with 6 PRB in frequency domain. Also, it may be mapped to less than 6 PRBs with more consecutive subframes. An advantage for this mapping is the multiplexing benefit, which means more MTC UEs can be multiplexed to the specific resource at the same time. Moreover, total power is expected to be enhanced as more subframes are cost and MTC UEs may use all power in each subframe to transmit preamble sequence, which is help improve the received SINR.
Figure 1 shows an example of transmitting an 839 preamble sequence by 6 consecutive subframes in time domain and 1PRB in frequency domain. When transmitting preamble format 5 for example, MTC UE needs to repeat the 6 consecutive subframes 20 times to achieve the coverage target. 
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Figure 1 839 preamble sequence transmission by 6 consecutive subframes
Proposal 2: The type of sequence mapping in specific resource needs to be studied.
3 A mechanism to inform eNB the UE’s coverage status
Not all MTC UEs require the same amount of coverage enhancement. In order to avoid excessive resources allocation, it is better for eNB to know UE’s coverage status as early as possible so that it can schedule appropriate resources to compensate the corresponding penetration loss. In the TR36.888 [2], a mechanism to inform eNB the UE’s coverage status had been mentioned as “PRACH can be used to inform eNB on the amount of coverage enhancement a low-cost MTC UE needs. For example, the system/eNB can pre-define/broadcast the mapping between PRACH resource and the amount of necessary coverage enhancement”, and a scheme on how MTC UE informs eNB the amount of coverage enhancement had been addressed in [3]. The following analysis will continue this discussion.
Note that preamble transmission is the first step for UEs to transmit signal to eNB, a straight forward way is to convey the coverage information through preamble to inform eNB the amount of coverage improvement. From system point of view, this scheme would avoid excessive resources usage as much as possible because eNB could allocate appropriate downlink resources or uplink resources rather than the largest resources to overcome the coverage loss for the following transmissions. Otherwise, some resources may be wasted as both eNB and UE need the largest resources before they exchange the coverage information each other. Therefore, the PRACH mechanism from the TR36.888 should be the working assumption for determining the amount of coverage enhancement.
Figure 2 shows the mechanism to inform eNB the amount of coverage enhancement and how eNB takes full advantage of this information during RACH procedure.
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Figure 2 RACH procedure
First of all, MTC UE detects its path loss by some measurement (e.g., RSRP measurement). The path loss which reflects the coverage status can be related to a certain amount of coverage improvement. The system or eNB can pre-define or broadcast the mapping between PRACH resource and the amount of coverage improvement so that UE can choose a corresponding preamble sequence to implicitly inform eNB the amount of coverage enhancement it needs. When eNB correctly detects the preamble sequence on a certain PRACH resource, it gets the information of coverage status for this UE. 
The amount of coverage enhancement can also map to a certain transmission resources (e.g., the amount of repetitions) for other channels (e.g., PDCCH, PDSCH, PUSCH, PUCCH). Both eNB and MTC UE can pre-define a mapping table between the amount of repetitions for various channels and the amount of coverage improvement. Based on the mapping relationship, eNB can schedule the appropriate resources for repetitions to complete the following steps after it knows the coverage status. Thus, excessive repetitions are avoided to the largest extent. Figure 3 illustrates an example of the mapping relationship between path loss, coverage requirement, preamble sequences and the amount of repetitions for various channels.
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Figure 3 Mapping relationship between path loss, coverage requirement, preamble sequences and the amount of repetitions for various channels
Proposal 3: The PRACH mechanism from the TR36.888 should be the working assumption for determining the amount of coverage enhancement. 
4 Conclusions
In this contribution, the coverage improvement solutions for PRACH are further discussed and a mechanism to inform eNB the amount of coverage improvement is analyzed. In summary, the following observation and proposal are given:

Proposal 1: New preamble format for repetition should be designed for coverage limited MTC UEs and dedicated resource for new format is used.

Proposal 2: Sequence mapping in specific resource needs to be considered.

Proposal 3: The PRACH mechanism from the TR36.888 should be the working assumption for determining the amount of coverage enhancement.
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