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1 Introduction

In RAN1 #72 meeting, the following observations for PRACH were concluded in [1]:

“Observations:
· Further analysis/evaluation is needed until the next meeting for PRACH by focusing on

· Relaxed requirements

· FFS: Loosen the detection threshold at eNB

· FFS: Change the false detection probability at eNB

· Design new PRACH, e.g., 

· Longer repetition compared to existing PRACH

· Longer sequence compared to existing PRACH

· PSD boosting/smaller bandwidth  occupation compared to existing PRACH

· PRACH can be used to inform eNB the amount of coverage enhancement a low cost MTC UE needs” 

In this contribution, potential solutions to improve PRACH coverage are analyzed and evaluation results are provided. Furthermore, using PRACH to inform eNB the amount of coverage enhancement for low cost MTC UEs is discussed.  A text proposal on PRACH coverage improvement is included.

2 Potential solutions to improve PRACH coverage
For PRACH coverage improvement, a straightforward way is to increase the energy of received preamble. Based on this consideration, the following options for PRACH coverage improvement are proposed. 
Option 1: Repetition
In the current TS 36.211 [2], five random access preamble formats are defined. Sequence repetition had been considered in current specification, e.g., the preamble sequence of format 2 consists of two repeated preamble sequences of format 0. As a natural extension, some possible changes are introducing new preamble format(s) to support PRACH coverage improvement.
Table 1. Random access preamble parameters.
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	5
	6240·Ts
	20·24576·Ts

	6
	6240·Ts
	200·24576·Ts

	7
	6240·Ts
	3·24576·Ts


Table 1 above gives an example to define new preamble formats 5 and 6 for FDD and preamble format 7 for TDD. Figure 1 and Figure 2 show the structure of preamble formats 5 and 6, respectively, which can provide additional 10 and 100 sequence repetitions compared to preamble format 2. 
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Figure 1. Random access preamble format 5
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Figure 2. Random access preamble format 6
For FDD, an MTC UE can transmit repeated preamble sequences in consecutive subframes. Since not all MTC UEs require same amount of coverage enhancement, new preamble formats corresponding to different amount of repetitions are related to various extents of coverage improvement. eNB can configure multiple preamble formats to MTC UEs, and MTC UE can select an appropriate preamble format according to its coverage improvement requirement.

For TDD, as the maximum number of consecutive uplink subframes is 3 in the current TDD UL-DL configuration, the specification can introduce a new preamble format 7 to support triple sequence repetition. If the required amount of sequence repetition for PRACH coverage improvement exceeds the number of contiguous uplink subframes, preamble format 7 can be repeated multiple times to achieve PRACH coverage improvement. For example, for TDD UL-DL configuration 0, if the PRACH coverage improvement needs 15 times sequence repetition, PRACH transmission can repeat format 7 five times, which is shown in Figure 3.
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Figure 3. Repeat preamble format 7 for TDD
The specification impact of introducing new preamble format is minor. The physical layer could define multiple preamble formats. The configuration of preamble format and PRACH resource for MTC UEs would be included in L2/L3 signaling. Moreover, since the principle on the preamble sequence generation and the formula of baseband signal generation can be reused, the implementation complexity of both eNB and UE would not be remarkably increased.
Option 2: Relax PRACH performance requirement 

PRACH performance is characterized by probability of miss (Pmiss) and probability of false alarm probability (Pfa). According to simulation results provided in [3], the SNR working point can be improved by 4~5 dB by relaxing Pmiss from 1% to 10% while maintaining Pfa at 0.1%. 
Relaxing Pmiss decreases the probability of correctly detecting preamble. If an eNB cannot correctly detect a preamble transmitted by an MTC UE, the eNB will not response with a RAR. Then, MTC UE will transmit a preamble again so that the access time would be prolonged. However, considering MTC UEs in the extreme coverage scenario might have characteristics such as very low data rate and greater delay tolerance, prolonging access time may not be a serious problem for those MTC UEs. 
Table 2 below compares the average processing load for option 1 and option 2. For the sake of simplicity, assuming A is the average processing load for each preamble transmission at 10% Pmiss target, and B is the average processing load for each RAR reception. Here, only the first two steps are considered in the analysis. It can be expected that an MTC UE with option 1 technique could use 2A to achieve 1% PRACH Pmiss target and cost B to receive RAR. For an MTC UE with option 2 technique, on average, about 1.1A and 1.1B processing load are needed to complete PRACH transmission and RAR reception. Thus, the average processing load difference between option 1 and option 2 is (0.9A-0.1B). Note that the target required SINR of PRACH is much lower than that of downlink channels (PDSCH/(e)PDCCH), the value of (0.9A-0.1B) might be larger than zero in most cases, which means the power consumption of option 1 may be larger than that of option 2. From this point of view, option 2 could be considered as a complement to further improve PRACH coverage. In addition, option 2 would not result in impact on RAN1 specification, but it may need RAN4 to define new PRACH test cases.

Table 2. The comparison of average processing load between option 1 and option 2, UE side
	
	PRACH transmission
	
RAR reception

	  Option 1:

Repetition
	2A
	B

	Option 2:

Relaxing PRACH Pmiss from 1% to 10% (Pfa = 0.1%)
	A+0.1A
	B+0.1B


Option 3: Design long sequence 

In order to enhance the coverage of PRACH, a long PRACH sequence can be used. One way is sequence repetition, which is the similar to the option 1. Another way is to introduce new sequence structure, but this will incur substantial specification impact such as defining new sequence and baseband signal generation. Additionally, introducing new sequence structure may also increase implementation complexity at the eNB and UE due to maintaining two sets of PRACH structure.
Option 4: Preamble PSD boosting

If the total energy for PRACH transmission within one subframe is constant, concentrating UE’s transmit power on less than 6 PRBs would improve received signal quality, but the length of sequence will be shortened as well, which may decrease the number of available preamble sequences and degrade correlation performance. PSD boosting could be considered as a complement to combined with other techniques (e.g., sequence repetition) when the gain of sequence repetition is not obvious. The specification impact of preamble PSD boosting may be substantial if a new short sequence is introduced, and the implementation complexity of eNB and UE may be increased.
Table 2 below different options are compared from specification impact, coverage improvement, implementation complexity for UE and eNB, power consumption and spectrum efficiency.

Table 2. Comparison of different options for PRACH coverage improvement
	
	Option1: Repetition
	Option 2: Relax performance requirement
	Option 3: Design long sequence
	Option 4: Preamble PSD boosting

	Specification impact
	Minor
	Minor
	Substantial
	Substantial (a new short sequence)

	Coverage improvement
	Yes
	Yes
	Yes
	Yes

	Implementation complexity for UE and eNB
	Minor increase
	Minor increase
	Increase
	Increase (a new short sequence)

	Power consumption
	Increase
	Increase (may lower than option 1)
	Increase
	Increase

	Spectrum efficiency
	Decrease
	Decrease (may higher than option 1)
	Decrease
	Decrease


According to the comparison in Table 2, the following observation is given:
Observation 1: Repetition and relaxing PRACH performance requirements should be regarded as the baseline method for PRACH coverage improvement.

3 Performance evaluation of PRACH coverage improvement 
In this section, the performance of PRACH is evaluated based on sequence repetition and relaxing performance requirements. The simulation assumptions for performance evaluation are provided in the appendix. 
The red dashed line in Figure 5 below shows PRACH performance as a function of sequence repetition. As seen with the red line, the combined gain decreases as the SINR is reduced. For example, 8.1 dB gain can be obtained from 16 times sequence repetition, but only 12.6 dB gain can be obtained from 128 times sequence repetition.
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Figure 5. Performance evaluation of PRACH coverage improvement
The blue dashed line in Figure 5 shows PRACH performance with sequence repetition with 10% Pmiss requirement. As shown, about 5.2~5.9 dB gain can be obtained by relaxing PRACH missing probability from 1% to 10%. 

For 20dB coverage improvement, the target SINR of PRACH is -29 dB. To achieve this target SINR, about 128 times sequence repetition and relaxing Pmiss from 1% to 10% would be needed. To further optimize PRACH performance at the lower SINR, PSD boosting could be used.
4 Using PRACH to inform eNB the amount of coverage enhancement 

As mentioned in the introduction, PRACH can be used to inform eNB the amount of coverage enhancement a low cost MTC UE needs. In this section, a scheme to inform eNB the amount of coverage enhancement is addressed.

Currently, UE can use CRS to measure RSRP. Moreover, UE can acquire CRS transmit power by decoding SIB2. Thus, the pathloss between UE and eNB is equal to the difference of CRS transmit power and measured RSRP. Actually, regardless of UE experiencing penetration loss or propagation loss, the channel condition can be measured by pathloss. Therefore, pathloss could be used as a reasonable metric to reflect the amount of coverage enhancement. 

In addition, it is beneficial to let eNB know UE’s channel condition as soon as possible. Preamble transmission is the first step for uplink transmission, and UE can implicitly convey the amount of coverage enhancement by preamble transmission. 

The system or eNB can pre-set several pathloss ranges, each pathloss range will be related to an amount of coverage enhancement and a specific resource for preamble transmission.

UE can firstly calculate its pathloss, and decide which pathloss range it belongs. Once UE determines its pathloss range, it correspondingly acquires specific resource for preamble transmission. The eNB will detect preamble(s) on each resource configured for PRACH transmission. If eNB successfully detects a preamble transmitted by a certain UE on one specific resource, it can acquire the amount of coverage improvement related to this UE according to the relationship between specific resource and pathloss range.

Observation 2: UE can implicitly convey the amount of coverage enhancement via preamble transmission.

5 Conclusions
In this contribution, potential solutions to improve PRACH coverage are analyzed. Evaluation results show that repetition with relaxing performance requirements can achieve the target SINR requirement. Moreover, a method of using preamble transmission to inform eNB the amount of coverage improvement is analyzed. 

In summary, the following observations related to PRACH coverage improvement are given:

Observation 1: Repetition and relaxing PRACH performance requirements should be regarded as the baseline method for PRACH coverage improvement.

Observation 2: UE can implicitly convey the amount of coverage enhancement via preamble transmission.
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Text Proposal 
---------------------------------------------Start text proposal----------------------------------------------------------
9.5.3 PRACH

PRACH can be used to inform eNB the amount of coverage enhancement a low cost MTC UE needs. The system or eNB can pre-set several pathloss ranges, each pathloss range would be related to an amount of coverage enhancement and a specific resource for preamble transmission. UE can implicitly convey the amount of coverage enhancement via preamble transmission.

In order to achieve coverage requirement, repetition, relaxing performance requirement and PSD boosting could be applied.
Repetition: Repetition is a natural extension for PRACH coverage improvement based on the current specification, and it would bring minor specification impact. 

Relax PRACH performance requirement: Relaxing PRACH performance requirement from 1% Pmiss to 10% Pmiss, the SNR working point could be improve about 5dB. Although the number of UE transmitting preamble and eNB’s failure probability would be increased, relaxing performance requirement can be acceptable considering UE’s characteristics such as very low data rate and greater delay tolerance.

PSD boosting: PSD boosting can directly improve sequence quality, and it can be combined with repetition and relaxing PRACH performance requirement on condition that the combinational gain from sequence repetition is unobvious.

Repetition and relaxing PRACH performance requirements can be regarded as the baseline method for PRACH coverage improvement.

---------------------------------------------------End text proposal-----------------------------------------------------
Appendix

Table 3. Simulation assumptions for PRACH evaluation
	Frame type
	FDD

	System bandwidth
	1.4 MHz

	UE Tx power
	23 dBm

	Antenna configuration eNB
	2 Rx

	Antenna configuration UE
	1 Tx

	Doppler spread
	1 Hz

	Radio channel
	EPA

	Performance target
	Pmiss: 1%, Pfa: 0.1%;

	
	Pmiss: 10%, Pfa: 0.1%;

	Interference margin
	0 dB

	Occupied channel bandwidth
	6 PRB

	Sub-carrier space
	1.25 kHz

	CP length
	6240 Ts

	Baseline PRACH format
	Format 2
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