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1. Introduction
The MTC extended coverage study item (RAN #57) [1], targeted an additional 20dB coverage improvement compared to regular  LTE UEs coverage  as initially defined by the provision of low-cost MTC UEs based on LTE [1]. Following RAN1 #71 meeting,  the Low-Cost MTC traffic model was updated with smart metering density for  London and Tokyo scenarios. 
This paper provides:

· A PRACH loading analysis for the case of singular triggered reports, as defined in Annex A2 [2]
· A work-frame for further related solutions concerning PBCH, control signalling and resource scheduling.

2. Discussions
2.1.  PRACH Overloading

Based on the traffic model [2], we analyze the PRACH load in terms of RA amounts within a certain time period, denominated as PRACH Attempt Intensity (PAI). PAI can be calculated for the described three scenarios [2], and further summarized in Table1. It can be seen that the RACH intensity is very large for the extreme case that all of the MTC UEs in the cell are triggered to report simultaneously. Besides, according to TR37.868, in which the relationship between RACH intensity and the required PRACH opportunity/s for a given collision probability Pc=0.01 is analysed the required number of PRACH opportunity/s is as large as 601,700. Even with the densest PRACH configuration, i.e., 1 PRACH resource/1ms, it will still require more than 600 PRACH preambles, which is much larger than regular 54 preamble contention signatures provided in each PRACH subframe for access. In addition, for poor coverage areas, PRACH signature detection rate is further degraded thus further increasing PRACH load. 
Another concern is that, current MTC UEs are assumed to share RA resources with normal 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 [6] identifies specific requirements of Large Scale events in terms of triggered reports and [7] analysis the related impact
Table1. RACH intensity for different smart meter scenarios
	Scenarios
	RACH Intensity (RACH attempts/s)

	
	Dense Urban in London (2778 devices/cell)
	Urban in London (11823 devices/cell)
	Dense Urban in Tokyo (5142 devices/cell)
	Urban in Tokyo (18051 devices/cell)

	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


Proposal 1: Further investigation for MTC UEs’ PRACH enhancement should take into account both PRACH load and PRACH coverage.
2.2. PBCH and other control signaling issues

 MTC UEs are supposed to detect PBCH prior to random access and decode necessary broadcast signaling in order to acquire system information, (information of control channel, configurations of PRACH and preambles, etc). Knowing DL bandwidth (same as PDCCH BW), CRS port number and PHICH configuration, MTC UEs demodulates the SIB-x, (carried over DL-SCH). Following more processing, the MTC UE will select the proper preamble. As indicated by the link budget [2], more than 10dB performance boosting is needed for all the physical channels. Since acceptable PBCH reception performance is a mandatory precondition to get access to the LTE network,, the following PBCH related shortcomings are flagged:

· The transmission block period of PBCH is 40ms (each duplicated in one radio frame). Therefore the receiver cannot use more than 4 versions in each combination since the 8 bits SFN encoded MIB would change every 4 radio frames. Accordingly the current PBCH reception performance cannot be improved by simply combining more PBCH received versions.
· During the discussion on cost-reduction techniques for provisioning of low-cost MTC UEs, reduction of maximum bandwidth for MTC UEs was considered. It implies that the MTC UE cannot demodulate current PDCCH since a larger system bandwidth would be required than a narrow band MTC UE could support. Furthermore, MIB bandwidth information should be re-defined since different lower band UEs may require updated MIB BW information. In addition, reduced BW MTC would not support MTC and human traffic due to the limited BW/capability/support. Therefore distributing MTC UEs on different frequency resources (either sub-bands or PRBs) should be considered. Supporting different MTC UEs configured with frequency resources remains to be further analyzed. 
Proposal 2: DL broadcast channel and control signaling enhancement should be studied, and MTC UEs configured with different frequency resources   should be considered in order to accommodate large number of MTC UEs.

2.3. Resource scheduling for MTC UEs
In addition to coverage enhancement, one other important objective should be the investigation on  applying coverage enhancement techniques to MTC UEs. Considering a large number of MTC UEs in one cell, effective resource scheduling for MTC UEs is required targeting signaling overhead reduction as well as spectrum efficiency, especially for the coverage-limited MTC UEs. Many solutions were previously proposed, trading off coverage enhancement, e.g., TTI bundling, HARQ retransmission, etc., for resource consumption. Effective resource scheduling for MTC UEs could offset the impact on cell spectrum efficiency. The special characteristics of MTC UEs, e.g., large delay tolerance, stationary location and small packet size, can be exploited for effective resource scheduling design. For example, some resource assignment information can be scheduled semi-statically so that signaling load per MTC UE can be reduced. Therefore one DCI can be used for scheduling multiple MTC UEs’ PDSCH reception or PUSCH transmission without increasing the current DCI size. 
Proposal 3: Effective scheduling for MTC UEs should be retained as a potential solution concerning spectrum efficiency improvement.
The UE can request uplink resources by transmitting a scheduling request (SR) either on PUCCH or via initiating a random access procedure. SR transmission on PUCCH assumes valid PUCCH resource for SR in configured TTI. According to the traffic model above, we calculate the number of PRBs occupied by PUCCH for SR transmission based on the equation
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. Assuming maximum SR periodicity of 80ms, the required PRBs number per 1ms (for SR transmission) is 13 (Tokyo urban case), which is not supported by  MTC UEs with reduced bandwidth. Given the sparse transmission requirements for regular MTC traffic, the PUCCH resource reservation for SR transmission will lead to low PUCCH utilization ratio and inefficient resource usage. Therefore, as mentioned by several contributions [5-7], it would be possible to replace SR transmission on PUCCH with PRACH, meaning that s MTC UEs will transmit SR for UL resource request over PRACH preambles when they want to schedule transmitting UL data.
Observation: SR transmission over PUCCH will demand considerable resources triggering inefficient resource usage when large number of MTC UEs coexist with human users in the system and have infrequent data transmission.
3. Conclusions

In this contribution, we analyzed the potential problems based on the identified traffic model for low-cost MTC UEs. Following proposals and observation are concluded:

Proposal 1: Further investigation for MTC UEs’ PRACH enhancement should take into account both PRACH load and PRACH coverage.
Proposal 2: DL broadcast channel and control signaling enhancement should be studied, and MTC UEs configured with different frequency resources should be considered in order to accommodate large number of MTC UEs.
Proposal 3: Effective scheduling for MTC UEs should be retained as a potential solution concerning spectrum efficiency improvement.

Observation: SR transmission over PUCCH will demand considerable resources triggering inefficient resource usage when large number of MTC UEs coexist with human users in the system and have infrequent data transmission.
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