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1. Introduction
In last RAN1 meeting, it was agreed on that PHICH and PCFICH may not require significant further analysis/evaluation in the SI [1]. However, other channels (e.g., SCH, PBCH, PRACH, (e)PDCCH/PUCCH, PDSCH/PUSCH) will require further evaluation and/or analysis [1]. In this contribution, we present our approach on MTC related PRACH issues, pointing to potential enhancements to PRACH coverage and PRACH load handling based on the assumed traffic model for low-cost MTC UEs.

2. Discussions
2.1. Analysis on PRACH coverage

The following related techniques are considered:
1. Relaxed requirement: PRACH coverage could be improved by loosening the detection probability requirement at eNB. It should be noticed that this would probably also increase the false Rx alarm probability. This drives to more unnecessary downlink resources required (e.g., eNB would transmit unnecessary RAR in step2 due to false detection). 
2. Power boosting: PRACH power boosting is one way to improve the coverage. Theoretically, boosting PRACH Power Spectrum Density (PSD) can significantly improve the received PRACH signal quality. Another motivation of PSD boosting would be the specific deployment feature of MTC UEs. For MTC UEs located in a bad coverage environment, the CRS-based RRM measurement could be inaccurate and overestimated due to low SINR. Such inaccuracy will result in an inadequate initial PRACH transmission power as well as a very low PSD at the receiver. With the same transmission power, the target received power from low-cost MTC UEs may be much lower than that of legacy UEs. From this point of view, appropriate MTC UE parameter configuration concerning preamble transmission power could be considered, including power boosting. 
Further, some realistic restrictions, e.g., power consumption and RF requirements, as well as the impact of power-boosted PRACH preamble of MTC UEs on reception of PRACH from legacy UEs need to be discussed. In our opinion, some interference reduction/randomization techniques could be combined with the techniques enhancing the coverage. For example, the benefit could be considered of expanding PRACH resources. In short,  appropriate schemes and parameter configurations of power boosting to improve the coverage are worthy of further investigation. 

Proposal 1: Power boosting backed by appropriate schemes and parameter configurations could be further considered for PRACH coverage improvement.
2.2. Analysis on PRACH load

Following the RAN1 #71 meeting, an agreement on traffic model and the number of smart meters for low-cost MTC UEs was achieved [3]. Based on the traffic model [3], we can analyze the PRACH load in terms of RA amounts within certain time period, denominated as RACH Attempt Intensity [4]. The RACH Attempt Intensity can be calculated and further summarized in Table 2. It can be seen that the RACH intensity is very large for the worst case, when all MTC UEs in the cell are triggered to report simultaneously. Besides, according to [4], which specifies the relationship between RACH intensity and the required PRACH opportunity/s for a given collision probability Pc=0.01, the required number of PRACH opportunity/s is as large as 601,700. Even backed by the densest PRACH configuration, i.e., 1 PRACH resource/1ms, more than 600 PRACH preambles are still required, being much larger than the regular 54 preamble contention signatures provided by each access PRACH subframe. In addition, for poor coverage areas, PRACH signature detection probability is further degraded thus further increasing PRACH load. 

Table2. RACH intensity for different smart meter scenarios
	Scenarios
	RACH Intensity (RACH attempts/s)

	
	Dense Urban in London
	Urban in London
	Dense Urban in Tokyo
	Urban in Tokyo

	Smart Meter Report (~1hour periodicity)
	0.77
	3.28
	1.43
	5.01

	Command-Response traffic (~10s)
	277.8
	1182.3
	514.2
	1805.1

	Exception Report (~3-5s)
	926
	3941
	1714
	6017


Another concern is presented by the requirement of having mixed MTC/human UE traffic supported in the same cell. This assumes sharing MTC RA resources with legacy UEs, potentially denying or delaying RAN access to the human traffic, following PRACH overloading by MTC UEs. All the analysis above is based on regular cases for command response, periodic report and exception report for singular event triggered reports. Complementarily [5] identifies specific requirements of Large Scale events in terms of triggered reports and [6] analyzes the related impact.
Therefore, more careful consideration concerning MTC UEs’ PRACH overload is required, where MTC UEs’ specific feature can be used for mitigation. For example, by using the characteristic of almost static mobility, for MTC UEs’ second and subsequent random access to network, a smaller cyclic shift value can be defined by transmitting a synchronized PRACH preamble. The smaller cyclic shift value makes it possible for one ZC root sequence to generate more PRACH preambles. As analyzed before, sharing MTC RA resources with legacy UEs will generate adverse impact on legacy UEs’ access. Resources partitioning could be considered. One way is configuring separate ZC root sequences for MTC UEs. The ZC root sequence has a close CM value with that of legacy UEs so that interference randomization could be achieved even if PRACH preambles generated from different ZC root sequences occur at the same frequency/time resources. Another way is to extend the idea of configuring multiple PRACH slots in a UL subframe in the TDD system into the FDD system. In this way, MTC UEs and legacy UEs could use different PRACH resources for the preamble transmission. Thus an overload in the MTC resources would not necessarily impact PRACH access from legacy UEs. The method of configuring multiple PRACH slots in one UL subframe can also alleviate PRACH overloading due to its essence of allocating more resources for PRACH transmission. In addition, if MTC UEs are configured with different sizes of reduced bandwidth, the method is even more attractive since different MTC UEs can choose the corresponding PRACH resource based on their own operation bandwidth.
Proposal 2: There should be careful considerations of MTC UEs’ PRACH overload issue. Configuring separate ZC root sequences for MTC UEs and multiple PRACH slots in a UL subframe for the FDD system can be utilized to mitigate overload effects.

3. Conclusions

In this contribution, we analyzed the PRACH issues of low-cost MTC UEs based on LTE from the aspects of coverage and load. Following proposals are concluded:

Proposal 1: Power boosting with appropriate schemes and parameter configurations could be further considered for PRACH coverage improvement.
Proposal 2: There should be careful considerations of MTC UEs’ PRACH overload issue. Configuring separate ZC root sequences for MTC UEs and multiple PRACH slots in a UL subframe for the FDD system can be utilized to mitigate overload effects.
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