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Discussion
1  Introduction
Study on Provisioning of low-cost MTC UEs based on LTE was agreed in RAN#53 [1]. The motivation of the SI is to investigate and evaluate solutions on the low-cost MTC devices based on LTE which can be compared with those of GSM/GPRS terminals. In RAN1#67 meeting, RAN1 have discussed several evaluation methodologies for saving the MTC devices cost.
In this contribution, we provide our views on the areas to reduce the peak rate for MTC terminals in LTE System.
2  Discussion
In [1], the first requirement of this SI mentions: 

· Support data rates equivalent to that supported by [R’99 E-GPRS] with a EGPRS multi-slot class device [2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots]. This does not preclude the support of higher data rates provided the cost targets are not compromised. 
LTE system provides high peak bit rates chiefly by using a large bandwidth up to 20MHz, high order 64QAM modulation and MIMO transmission. Therefore, we discuss 3 areas to lower the peak bit rate in the following subsections.
Smaller bandwidth

The bandwidth is included in the calculation by taking the corresponding number of resource blocks for each bandwidth option: 6 with 1.4MHz and 15 with 3MHz bandwidth. The number of resource blocks for bandwidths 5, 10, 15, 20MHz are 25, 50, 75 and 100 respectively, shown in Table 1.
Table 1 The number of RBs for different BWs
	Bandwidth (MHz)
	1.4
	3
	5
	10
	15
	20

	Resource Blocks
	6
	15
	25
	50
	75
	100


First of all, we consider the modulation mode as 64QAM without any coding, carrying 6 bits per symbol, and 2x2 MIMO transmission doubles the peak data rate.
In addition, it is necessary to assume that PDCCH takes one symbol out of 14 symbols in two slots for downlink. That is the minimum possible PDCCH allocation. It is enough when considering single user peak bit rate. And moreover, downlink reference signals (RS) depend on the antenna configuration. 2x2 MIMO transmission uses 4 symbols in 2 timeslots. The RS partly overlap with PDCCH and the overlapping is taken into account.
For uplink, the assumation is that PUCCH is not included in the calculation, due to PUCCH sligntly reduces the uplink data rate, and uplink reference signals take 1 symbol out of 7 symbols.
According to above mentioned assumation, the achievable peak bit rates are shown in Table 2. The highest theoretical data rate for DL/UL is approximately 8.8 Mbps/5.2 Mbps.

Table 2 DL/UL Peak Data Rate
	
	Bandwidth
	Modulation
	Transmission Mode
	Peak Rate

	DL
	1.4 (MHz)
	64QAM
	2x2 MIMO
	8.8 Mbps

	
	20 (MHz)
	64QAM
	2x2 MIMO
	172.1 Mbps

	UL
	1.4 (MHz)
	64QAM
	Single Stream
	5.2 Mbps

	
	20 (MHz)
	64QAM
	Single Stream
	86.4 Mbps


Simplification of MIMO Operation

Using 64QAM modulation, 2x2 MIMO doubles the peak bit rate up to 12 bits per symbol. We consider degeneration DL 2x2 MIMO as single stream, therefore, the highest DL/UL data rate are shown in Table 3.
Table 3 DL/UL Peak Data Rate

	
	Bandwidth
	Modulation
	Transmission Mode
	Peak Rate

	DL
	1.4 (MHz)
	64QAM
	Single Stream
	4.6 Mbps

	
	20 (MHz)
	64QAM
	Single Stream
	89.7 Mbps

	UL
	1.4 (MHz)
	64QAM
	Single Stream
	5.2 Mbps

	
	20 (MHz)
	64QAM
	Single Stream
	86.4 Mbps


Lower modulation order

In consideration of modulation without coding, QPSK modulation carries 2 bits per symbol, 16QAM 4 bits and 64QAM 6 bits. Fixing the bandwidth and single stream transmission for downlink and uplink, the theoretical peak data rate are shown in Table 4.
Table 4 DL/UL Peak Data Rate

	
	Bandwidth
	Modulation
	Transmission Mode
	Peak Rate

	DL
	1.4 (MHz)
	QPSK
	Single Stream
	1.6 Mbps

	
	20 (MHz)
	QPSK
	Single Stream
	29.8 Mbps

	UL
	1.4 (MHz)
	QPSK
	Single Stream
	1.8 Mbps

	
	20 (MHz)
	QPSK
	Single Stream
	28.8 Mbps


The maximum achievable bit rates taking the smaller bandwidth, lower order modulation and single stream transmission into account are shown in Table 4 for downlink and uplink. The downlink peak rate with 1.4 MHz bandwidth goes up to 1.6 Mbps and the uplink rate up to 1.8 Mbps.
In comparison with the data rate of EGPRS (2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps)), LTE system with 1.4 MHz of bandwidth, QPSK modulation and single stream transmission mode could meet the need of peak data rate sufficiently.
3 Conclusions
Observation: LTE system with 1.4 MHz of bandwidth, QPSK modulation and single stream transmission mode could meet the requirement of peak data rate sufficiently.
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