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1. Introduction
The study item for provisioning of low-cost MTC UEs based on LTE targets 20 dB improved coverage for stationary low-cost MTC UEs using very low rate traffic with relaxed latency requirements [1].

In this contribution we discuss the overall user performance in such low geometries and impact on the radio network. 
2. Discussion
2.1. Required improvement

In order to improve coverage with 20 dB, the coverage of each individual physical channel needs to be improved. However, the required improvement differs between the different channels. It has been shown in the study item that the bulk of the coverage improvements need to come from various forms of repetition. It has been shown that critical uplink and downlink data and control channels can be made robust enough for reliable connection setup and packet transmission, although with increased latencies and power and resource consumption. In this paper we try to assess the latency and system overhead. (The analysis in this paper is based on the FDD numbers on required coverage enhancement.)
Observation: Reliable data transmission could be supported with a 20 dB coverage increase.  
From the agreed text-proposals [2]
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[8] we can derive some expected performance for different channels:
Table 1: Summary of expected channel performance


	Channel
	Performance
	Note

	PDSCH
	125-250 bps/PRB
	Bitrate scales with supported bandwidth

	PUSCH
	50-200 bps
	Bitrate does not scale with bandwidth

	PRACH
	~200 repetitions
	PRACH start may not occur in each subframe

	PUCCH SR
	50-100 ms
	D-SR start may not occur in each subframe


2.2. System discovery
Before accessing a system the MTC UE would first need to discover the presence and configuration of the system. It has been shown that approximately 2 seconds may be needed to detect a cell on a specific center frequency. If we assume that some aid can be provided to the MTC device at deployment we here assume that only one or a few frequencies need to be evaluated. It is assumed that synchronization after DRX can be significantly much faster than initial cell discovery, 100-200 ms [9].
After detection the terminal would need to read system information. The latency required to read system information will depend highly on the broadcast channel design and acceptable overhead. In [10] we show that with 6 PRBs of system information transmitted every 20 ms, with a resulting overhead of 5% in a 1.4 MHz system and less than 1% in a 10 MHz system, all needed system information for initiating a connection setup could be acquired in about 2 seconds.

Coverage limited users requiring much less than 20 dB coverage enhancements are expected to be able to do system discovery in substantially shorter time.
It is clear that for services requiring latencies in the order of seconds, for example the exception report scenario, it is not feasible that the MTC UE does a new system discovery when a report is triggered. In order to avoid that the broadcast channel needs to be received before every potential network access, it may be necessary to limit the frequency with which the system information may change to less than what can be supported today.
2.3. Connection setup
After detecting the system, in case uplink data transmission is triggered or a paging is received, the UE must go through the connection setup procedure, with a random access and RRC configuration. It has been shown that approximately 200 repetitions are needed to reach a miss probability of 1% on PRACH. With the assumption that new resources are assigned for extended coverage PRACH we hence get random access delays in the order of 200-400 milliseconds including waiting time.
The random access response following the PRACH is a message of 64 bits, preceded by a DCI on the common search space. It can be assumed for a large bandwidth system and full bandwidth UE that such a message can be conveyed in the order of a few milliseconds – on 1.4 MHz it may require in the order of 100 ms.

To provide contention resolution the UE responds with its ID in uplink, a message of 56 bits. It has been shown that the uplink bitrate is in the order of 50 to 200 bits per seconds. The random access response would hence need about 250-1000 milliseconds assuming continues transmission, without waiting for any HARQ feedback.

Subsequent message interaction to complete authorization and bearer set up result in an additional 100-200 bits in uplink and likely more in downlink, resulting in an additional 0.5-2 seconds. 

It can hence be seen that it is feasible to conduct a connection setup according to existing procedures in LTE, with the extension of a few timers and signaling. It can also be seen that connection setup takes significantly longer than current system expectation, and users with delay sensitive services should hence be considered to be kept in connected mode. 
2.4. Data transfer

The traffic models in the TR focus on a typical MTC use case for sensor reporting. The assumption is that a report is about 100 bytes – with headers we can assume that in the end it will result in approximately 1000 bits on the physical layer. In most common scenarios, i.e. without any predictive or semi persistent scheduling, an uplink triggered report would be preceded with a scheduling request, either using RACH or a D-SR on PUCCH.

It has been shown that a SR would need to be repeated 50-100 times for reasonable error probabilities. For the actual transmission of data an additional 5-20 seconds of active transmission is needed.
Observation: 5-20 seconds of active transmission time is needed to convey a 1000-bit packet.

2.5. System resource consumption

System resource consumption depends highly on the penetration of users in need of extended coverage. It is not expected that all MTC devices will need a 20-dB improvement and it is not expected that the system only serves MTC devices. System information and the resulting overhead is required independent of number of served coverage extension UEs. It is expected that broadcast channels can be designed with 1-5% overhead if the resulting access latencies can be accepted.
Uplink resources for PRACH would need to be reserved, resulting in some overhead, and uplink transmissions will consume substantial resources in time to convey uplink data. The resulting overhead on the system will depend on the assigned bandwidth and how well we manage to re-use the resources. Since we operate at a very low SINR region, limited benefits can be expected from allocating large bandwidths.
3. Conclusions
It can be seen from the analysis that the uplink data channel is the limiting resource in terms of latency. This is due to the large number of bits to be transmitted with relatively low output power. Channel estimation has a large impact where it is seen that performance is low compared to a theoretical value with ideal estimation. 
System overhead depends on the fraction of users requiring coverage enhancements and the overhead from common channels. Since the number of users requiring 20 dB coverage enhancements is expected to be low it is of prime importance to keep the overhead from common channels limited.
We propose to capture the impacts on latency in the conclusions chapter in TR 36.888. A text proposal is provided in [11].
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