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1. Introduction
In the WID [1],   it was agreed to specify:
· 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.

In RAN 1 #74 meeting, coverage enhancement of PRACH is discussed and agreed on [2]: 
Agreements:
· Enhancement of PRACH format is required to achieve coverage improvement target

· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted

Agreements:
· Define one or multiple PRACH coverage enhancement level

· FFS whether or not to use PRACH to indicate coverage level

· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS
This paper analyzes the PRACH formats/configurations and coverage report during random access.
2. Discussion on PRACH formats/configurations
In order to achieve the coverage improvement target, enhancement of PRACH format is required [2]. Physical resources (frequency allocation in one subframe and subframe number in time domain) need to be defined for enhanced PRACH transmission. For 15dB coverage improvement requirement, 32~64 repetitions of preamble sequence may be needed [3], and the required repetitions are different for different coverage improvement targets.  
Multiple enhanced PRACH formats can be defined with different repetition numbers. Separate resources may be needed so that eNB can easily detect the random access preamble from different UEs. Using separate preamble sequences is also reasonable since this allows different PRACH formats with different repetitions transmitted on the same physical resources, as shown in Figure 1. Preamble sequence Group A~C are used for different PRACH formats with different repetition number {2, 4, 8} respectively. Different PRACH formats can be transmitted on the same physical resource with well defined starting subframe. For example, the PRACH format with 2 repetitions can start at subframe index is even. In this case, eNB can differentiate different PRACH formats with different repetitions by preamble sequence.
Collision probability needs to be considered when to define the enhanced PRACH formats. Compared with a single enhanced PRACH format, defining multiple PRACH formats with different repetitions provide more PRACH opportunities in a given PRACH resources, which can reduce collision probability. For example, as Table 1 shown, enhanced PRACH format A~E with 4~64 preamble sequence repetitions are defined. 64 preamble sequences are divided into 5 groups for each enhanced PRACH format. One PRACH resource block (6 PRBs) are reserved in each subframe and 64 repetitions span on 64 subframes. Within 64 subframes, there are 32/64 opportunities for random access for each enhanced PRACH formats. The total opportunities are 192 compared with 64 if only one enhanced PRACH format is defined (assuming the worse case requires 64 repetitions spanning on 64 subframes). 
In order to provide more random access opportunities, we proposed:
Proposal #1: Define multiple PRACH formats with different repetitions. Separated preamble sequences can be used for different PRACH formats.
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Figure 1 An example of PRACH resource design
Table 1 An example of enhanced PRACH formats and resource configurations
	
	Format A
	Format B
	Format C
	Format D
	Format E

	Repetition factors
	4
	8
	16
	32
	64

	Number of Physical resource within 64 subframes
	16
	8
	4
	2
	1

	Preamble sequence number 
	4
	4
	8
	16
	32

	Total resource number in 64 subframes
	64
	32
	32
	32
	32


3. Coverage report during random access
It is important for eNB to know the coverage of UE to support scalability of spectral efficiency. One potential mechanism is using PRACH to indicate coverage gap. If multiple PRACH formats with different repetitions are configured by eNB and UE chooses the smallest repetition that can bridge the coverage gap, eNB can learn the coarse coverage status of that UE by detecting preamble sequences (e.g., by measuring received signal power).  There is no need to use PRACH to convey any additional information explicitly. For example, if eNB detects a preamble sequence with 8 repetitions, eNB knows that the UE transmitting this preamble sequence needs 8 repetitions to bridge the coverage gap. 
Observation #1: eNB may learn the coarse coverage status by detecting PRACH.
However, the coarse coverage status from PRACH may not be accurate enough to provide a good scalability of spectral efficiency. More than doubled resources are needed to provide additional 3dB gain due to the poor channel estimation from the observations in [4]. For example, for PUSCH 15/12 dB coverage gap requires 60/24 repetitions from the simulations in [5]. Larger TBS will require more repetitions. Considering UE power consumption as well as the spectral efficiency, it will be beneficial if UE can report a more precise channel quality. Based on this precise channel quality report, eNB can adjust the repetition number. Msg 3 provides a good opportunity for such report. Ideally, this channel quality shall be reported as soon as possible. PRACH is the first chance for UE to talk with eNB. Any coverage information implied by PRACH can be used for Msg2 and Msg 3 scheduling. On the other hand, Msg 2 contains multiple RARs for multiple UEs and it shall be transmitted targeting the worse coverage among these UEs. Therefore, compared to reporting in Msg 3, the only loss under reporting by PRACH is the UL grant for Msg 3. Because the MTC devices are stationary and the channel does not change much. UE can report the channel quality in Msg 3 when performing initial access and eNB can allocate resource for the subsequent uplink/downlink transmission based on this channel quality.
Proposal #2: Msg3 in the RACH process can be used to convey channel quality report that is more precise than coverage gap implied in a selected PRACH format.

4. Conclusion
In this paper, we discussed PRACH formats and configurations for coverage improvement and coverage report during random access.  We proposed that: 
Proposal #1: Define multiple PRACH formats with different repetitions. Separated resources are used for different PRACH formats.
Proposal #2: Msg3 in the RACH process can be used to convey channel quality report that is more precise than coverage gap implied in a selected PRACH format.
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