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1 Introduction
It was agreed during RAN1#67 that significant cost savings may be achieved by reducing the maximum bandwidth, using a single receive RF chain, reducing the peak rate, reducing UE transmit power, and using half duplex operation. In this contribution, the issues about reducing the peak rate and transmission modes will be discussed.
2 Peak rate reduction
It was agreed that UE category 1 is the baseline for low-cost MTC UE. The data rate specified in the SID is 118.4kbps for the downlink and 59.2kbps for the uplink [1], which is much lower than the peak rate of UE category 1 (i.e. 10Mbps for the downlink and 5Mbps for the uplink). 
2.1 Factors that affect peak rate

The peak rate is a function of the maximum Transport Block Size (TBS), which is affected by the maximum Modulation Coding Rate (MCR), and the maximum number of allocated RBs. By reducing the maximum MCR supported by a MTC UE, the peak rate can be lowered.
Likewise, by restricting the maximum number of allocated RBs, the peak rate can be lowered. There are three options to reduce the maximum number of allocated RBs:
(1) Reducing both the RF and baseband bandwidth,

(2) Keeping wideband RF and reducing the baseband bandwidth,

(3) Restricting the number of PRBs in an assignment/grant with wideband RF and baseband.

All options also reduce processing complexity. It should be noted that the first option may cause the following problems:
· The PUCCH of MTC UE may split the resources that could be used by non-MTC UE for PUSCH, thereby reducing the uplink efficiency of non-MTC UEs.
· PUCCH of low-cost MTC UE will have less gain from frequency diversity, which may impact PUCCH performance.
2.2 Impact on spectral efficiency

Assuming that the peak rate is reduced, the corresponding maximum modulation order and the baseband bandwidth may be decreased.
2.2.1 Downlink
From the downlink simulation results shown in Figure 1, we can see that the maximum supported modulation order affects the downlink spectral efficiency. In this simulation, the number of antennas for eNB and UE is 1 and 2, respectively. Other main simulation parameters are shown in the Appendix. When the downlink modulation scheme is restricted to QPSK, the cell spectral efficiency is lower by about 50% than when the modulation scheme is adjusted according to the CQI.
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Figure 1. Downlink spectral efficiency comparison
Based on simulation results in [2] showing that the spectral efficiency for wideband baseband and narrowband baseband is almost the same, reducing the downlink baseband bandwidth does not impact the downlink cell spectral efficiency. Similarly, restricting the number of PRB in an assignment/grant has minor impact on downlink cell spectral efficiency.
2.2.2 Uplink

The maximum supported uplink modulation order impacts uplink cell spectral efficiency. When the uplink modulation scheme is restricted to QPSK, the simulation results in Figure 2 show that the cell uplink spectral efficiency is reduced from 1 to 0.67bit/s/Hz. In this simulation, UE has one transmit antenna and eNB has two receive antennas. Other main simulation parameters are the same as the downlink simulation parameters, which are shown in the Appendix.
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Figure 2. Uplink spectral efficiency comparison

Therefore, in the scenario when there are a large number of low data rate MTC UEs, restricting the uplink MCS to QPSK may reduce the number of supported low-cost MTC UE compared with full MCS.
Observation 1: Uplink cell spectral efficiency should not be compromised when reducing the peak data rate.

2.3 Impact on specification

The reduction of peak rate may introduce a new UE category for both uplink and downlink, which impacts 36.306 section 4.1. Both RF bandwidth reduction and baseband bandwidth reduction have impact on the specification [2]. For example, PDCCH for low-cost MTC UE may need to be redesigned. Moreover, reducing the maximum number of allocated RBs may affect 36.212 Section 5.3.3 if a new DCI is created.

2.4 Impact on cost
2.4.1 Downlink

The aforementioned options to reduce the downlink peak rate have significant impact on the cost. According to [2] and [3], the downlink cost reduction of option 1, option 2 and option 3 is about 35%, 30% and 9% of total cost, respectively. 
Besides analyzing the impacts of bandwidth reduction, the impacts of MCR also should be mentioned. According to the cost breakdown table in [3], the cost of ADC and DL transport channel processing block would be affected when the modulation scheme is restricted to QPSK. In summary, the cost reduction is about 3%~4% of total cost.
2.4.2 Uplink

The RF aspects of uplink such as PA, etc. are not sensitive to bandwidth. According to [2] and [3], the uplink cost reduction of all the three options will be no more than 6% of total cost. Among the three options, the cost reduction of option 3 would be the lowest.
According to the cost breakdown table in [3], the cost of PA and UL processing block would be affected when the modulation scheme is restricted to QPSK. In summary, the cost reduction is about 3% of total cost.
Proposal 1: A new UE category for downlink could be introduced based on either any reduced RB option (RF, baseband or restricted RBs in an assignment) and/or modulation order reduction.
2.5 Impact on power consumption

As stated in [4], the baseband complexity of low-cost MTC UE can be estimated by the elapsed time. Since the power consumption of baseband is related to the complexity, thus we can estimate the power consumption of baseband by the elapsed time.
Figure 3 shows the normalized elapsed time of three cases, including (1) 20MHz baseband bandwidth, (2) 20MHz baseband bandwidth with 3MHz maximum assigned RBs in an assignment/grant and (3) 3MHz baseband bandwidth. The detailed simulation assumptions are the same as that used in [2]. We can see that the reduction of the elapsed time is about 30% when the maximum number of assigned RBs is 25 (corresponding to 3MHz). This is mainly because the complexity of decoding PDSCH is decreased. From the simulation results, we can know that the power consumption could be decreased if the peak rate is reduced.
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Figure 3. Elapsed time of baseband processing
3 Transmission mode reduction
It is stated in the SID that the study shall evaluate the benefit of developing methods for reducing the processing in the device, including “no support of spatial processing mode”. It has already been agreed that UE category 1 is the baseline for low-cost MTC UE, which means the maximum number of supported layers is one, and that some TMs may not be useful or may be redundant, e.g., TM3, TM4, TM8 and TM9. A short summary of different TMs is shown in Table 1.
Table 1: Summary of the TMs

	Mode
	Description

	TM1
	Single antenna port.

	TM2
	Transmit diversity.

	TM3
	Open-loop spatial multiplexing. 

	TM4
	Closed-loop spatial multiplexing.

	TM5
	Multi-user MIMO.

	TM6
	Closed-loop rank-1 precoding.

	TM7
	Transmission using UE-specific reference signals.
Single layer BF using DRS.

	TM8
	Dual layer BF.

	TM9
	Up to eight layer transmission.


Among the TMs that could be used for UE category 1 (i.e. TM1, TM2, TM5, TM6 and TM7), some TMs may not be permitted when considering “no support of spatial processing mode”. If we define “spatial processing” as modes other than TM1 and TM2, then a low-cost MTC UE could save additional cost by not supporting TM5, TM6, and TM7. Given the expected traffic characteristics (e.g. 1k bits every 30s [5]) and the spectral efficiency of TM1 and TM2 (discussed below) TM5, TM6, and TM7 may not be needed. In summary, compared with UE category 1, transmission modes could be further reduced.
3.1 Impact on coverage

Among the five transmission modes that could be used for UE category 1, TM1 has the lowest coverage performance. It is shown in [6] that the coverage performance of LTE UE with 1R (single receive chain) is better than that of EGPRS. Therefore, the reduction of transmission mode does not have impact on coverage performance.
3.2 Impact on cost

TM7, TM8, and TM9 need UE-specific RS, thus the cost is higher compared with TM1 and TM2 due to the fact that the channel estimation is more complex. It is shown in [3] that the channel estimator block accounts for about 25% of the processing cost. Considering both the MIMO processing blocks and the RS pattern difference between CRS and DMRS, further reducing the transmission mode could reduce about 10% of the total cost.
3.3 Impact on spectral efficiency
According to the results in [7], the average cell spectral efficiency of EGPRS is about 0.33 bit/s/Hz. In order to show the spectral efficiency of LTE with reduced transmission mode, simulations were done based on the simulation assumptions which are listed in the Appendix.
Figure 4 shows the downlink average cell spectral efficiency comparison between LTE TM1 and EGPRS. QPSK MCS (only QPSK is supported in downlink), Full MCS (modulation scheme is dynamically adjusted according to the CQI), 1T2R, and 1T1R are considered in the simulations.
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Figure 4. Downlink spectral efficiency comparison (EGPRS results are from [7]).
Observation 2: The average cell spectral efficiency of both 1T2R and 1T1R is greater than that of EGPRS. TM1 can satisfy the spectral efficiency required in the SID.
Considering the simulation results above and that TM1 is the basic transmission mode in LTE, we propose that TM1 should be supported for low-cost MTC UE.
TM2 (transmit diversity) in LTE R8-10 is needed in many scenarios, e.g. PBCH. If the PBCH is reused for low-cost MTC UE, in order to keep the backward compatibility to legacy LTE R8-10 UEs, we propose to support TM2.
Considering that other transmission modes except TM1 and TM2 could introduce about 10% of additional cost, we propose that they may not be needed for low-cost MTC UE.
Proposal 2: TM1 and TM2 should be supported for low-cost MTC UE. Other transmission modes may not be needed for low-cost MTC UE.
4 Conclusion
This contribution analyzes the reduction of peak rate and transmission mode. The proposals are list as follows:
Proposal 1: A new UE category for downlink could be introduced based on either any reduced RB option (RF, baseband or restricted RBs in an assignment) and/or modulation order reduction.

Proposal 2: TM1 and TM2 should be supported for low-cost MTC UE. Other transmission modes may not be needed for low-cost MTC UE.
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Appendix
Table 2: System level simulation assumptions
	Parameters
	Assumptions

	Scenarios
	3GPP Case 1

	Duplex
	FDD

	System bandwidth
	10MHz

	UE distribution
	Uniformly distributed with average 10 UEs per sector

	UE speed
	3km/h

	Traffic
	Full buffer

	Handover margin
	1.0 dB

	Downlink transmission scheme
	LTE Rel-8 SISO/1x2 SIMO

	Downlink scheduler
	PF

	Downlink HARQ scheme
	HARQ-CC

	Downlink receiver type
	MRC

	Link adaptation
	Non-ideal, CQI measurement error: N(0,1dB) per half-PRB.

CQI: 4ms delay 5ms period; PUCCH-based feedback, mode 2-0.

For QPSK MCS scheme, the eNB ensures no higher modulation order than QPSK is used.

	Antenna configuration at base station
	1 vertical polarized antenna

	Antenna configuration at UE
	Vertically-polarized, with 0.5 lambda spacing

	Overhead assumption
	DL overhead: 3 OFDM symbols for DL CCHs, Antenna Port 0 CRS.


