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1 Introduction
In RAN1#67

It has been agreed that

1. The baseline for cost analysis is a single-band, single RAT, 20MHz bandwidth Category 1 UE.

2. Concepts that may provide significant cost savings include:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
This contribution shall discuss methods of maximum bandwidth reduction for LTE based low cost MTC device using the following methods
1. Dedicated low bandwidth MTC carrier,

2. Bandwidth sharing
2 Discussion
2.1 Dedicated low bandwidth MTC carrier
A frequency spectrum can be divided into multiple carriers with a reserved low bandwidth carrier for supporting MTC device(s). This is the simplest way with no impact on the specifications. However, this will create fragmentation of the allocated spectrum and also causing loss in spectrum efficiency. This is illustrated in table 1.
For release 8/9 UE(s) that are operating under this condition, the maximum throughput cannot be achieved due to the allocated channel BW is always less than the nominal BW of 20 MHz.
For Rel’10 UE(s) that are operating in this condition, carrier aggregation can be applied to utilize the fragment carrier to improve the throughput.
Table 1: Loss in spectrum efficiency due to spectrum segmentation and/or aggregation

	
	Channel bandwidth BWChannel [MHz]
(Transmission bandwidth configuration NRB)
	Fragmented Carrier
	Channel bandwidth loss

	1
	1.4 

(6 PRBs)
	N/A
	N/A

	2
	3

(15 PRBs)
	N/A
	N/A

	3
	5

(25 PRBs)
	3 MHz + 1.4 MHz

(15 RB + 6 RB)
	16%

	4
	10

(50 PRBs)
	5 MHz + 3 MHz + 1.4 MHz

(25 RB + 15 RB + 6 RB)
	8%

	5
	15

(75 PRBs)
	10 MHz + 3 MHz + 1.4 MHz

(50 RB + 15 RB + 6 RB)
	5.3%

	6
	20

(100 PRBs)
	15 MHz + 3 MHz + 1.4 MHz

(75 RB + 15 RB + 6 RB)
	4%


2.2 Bandwidth sharing:

In the current LTE system, an LTE UE when being powered-on can perform cell search and MIB acquisition using 1.08 MHz narrowband bandwidth (ie., 6 PRBs) regardless of the operational channel BW. However, before an LTE terminal can communication with an LTE network (i.e to perform data reception and/or transmission) it has to be able to decode the PCFICH and PDCCH across the entire channel bandwidth of the carrier for the reception of the associated PDSCH carrying SIB with random access parameter. Therefore, a narrowband MTC with bandwidth carrier of 1.4 MHz cannot operate in a network with channel bandwidth higher than 1.4 MHz since PCFICH/PDCCH is transmitted across wider channel bandwidth.
In order for a narrowband MTC device with bandwidth carrier of 1.4 MHz to operate on a wider channel bandwidth, it is necessary that MTC system information carrying random access parameters for MTC device can be received by a narrowband MTC device. With half duplex operation has been agreed, the possible solution for a MTC device to receive MTC system information is to map physical channel that carries MTC system information on subframe #0, on the central 72 subcarriers of OFDM symbols that is not occupied by L1/2 control channel, PBCH, PSS and SSS (see figure 1 for illustration). The transmission MTC system information can be semi statically configured by network and broadcasted using MIB. The MTC system information can also include frame and subframe structure to indicate which SFN is used for MTC traffic and subframe(s) in a radio frame used for MTC control and data channel transmission. See figure 4 for illustration. 
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Figure 1: MTC system information mapping – subframe #0
In order for a narrowband MTC device to perform Physical layer data transmission and/or reception, it is necessary that MTC control channel(s) to be mapped within a central 1.4MHz subcarrier on a pre-scheduled subframe of MTC radio frame. With the half duplex in mind, subframe #5 can be one ideal candidate. The MTC control channel(s) can be mapped on the central 6 or 7 PBRs, at RE(s) that is not occupied by CRS, PSS, SSS, L1/2 control channel(s). Since MTC traffic is latency tolerant, this MTC control channel(s) can provide DL schedule and/or UL schedule for entire radio frame. See figure 2 for illustration.
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Figure 2: MTC L1/2 control channel mapping – subframe #5
The pre-scheduled MTC PDSCH and/or MTC PUSCH can be mapped on the remaining MTC allocated subframe(s) within the central 6 or 7 PRBs. See figure 3 for illustration.
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Figure 3: MTC physical layer data channel mapping – subframe other than #0 and #5
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Figure 4: MTC frame structure

With this presented bandwidth sharing scheme, the following should be defined
1. MTC cell information to be included in the legacy MIB,

2. MTC system information and physical channel structure which carries the MTC system information,

3. MTC DL schedule and/or UL grant timing,

4. MTC PHICH and/or ACK-HARQ timing if it is required.
3 Conclusion

In this contribution, we represent 2 methods for accommodating low bandwidth MTC device.
1. Method 1: Dedicated low bandwidth MTC carrier. This is the simplest method to accommodate low BW MTC without modification of current specification. However, this method can cause inefficiency in spectrum utilization specifically for Rel’8/9 UEs which are operating in the same region. Rel’10 UEs can overcome the Rel’8/9 issue and minimise inefficiency in spectrum utilization by using carrier aggregation feature, but this create unnecessary complexity.
2. Method 2: Bandwidth sharing. This method shall enable low BW MTC device to share the same channel BW with Rel’8/9/10/11 UEs. This method shall require network access method to be specified for MTC devices. If it is adopted, this method shall allow operator to dynamically configure their network to support MTC devices according to the growth of MTC devices. Additionally, this method can also allow dynamic random access resource allocation to accommodate a surge in network access request from MTC device(s) without impact on non MTC devices operating in the same region.
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