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1 Introduction

During previous RAN1 sessions, “reduction of maximum bandwidth”, “reduction of peak rate”, “Single receive RF chain”, “Reduction of transmit power” and “Half duplex operation” have been discussed as potential cost reduction techniques.  In this contribution,  we present our recommendation on cost saving techniques for LTE MTC UEs.
2 Discussion on recommended cost reduction techniques
The basic criterion to determine the cost reduction techniques for LTE MTC UEs is to meet the cost saving requirement as stated in RP-111112.   In order for cost of MTC UEs based on LTE to be competitive with that of GSM/GPRS, the cost of a MTC UE based on LTE would be reduced to 30%-40% of the cost of current LTE reference modem. 
2.1 Summary and recommendation on single cost reduction techniques

2.1.1 Reduction of maximum bandwidth
The bandwidth reduction on the DL and UL can be considered separately as agreed in [3].
In downlink, three bandwidth reduction options are discussed:
· Option DL-1: Reduced bandwidth for both RF and baseband
· Option DL-2: Reduced bandwidth for baseband only for both data channel and control channels
· Option DL-3: Reduced bandwidth for data channel in baseband only, while the control channels are still allowed to use the carrier bandwidth
The average cost saving (maximum bandwidth reduced to 1.4MHz), performance impact analysis and specification impact analysis for DL bandwidth reduction are summarized in Table 1. 

Table 1. Summary of different DL bandwidth reduction options

	Technique
	Performance impact analysis
	Average cost saving
	Standard impact

	DL bandwidth reduction
	DL-1
	The performance of DL control channel is expected to degrade
the coverage of PDSCH be affected
DL cell spectral efficiency due to the loss in frequency selective scheduling gain
RF tuning issue
	~39%
	New design for DL control channel

	
	DL-2
	The performance of DL control channel is expected to degrade
the coverage of PDSCH be affected
DL cell spectral efficiency due to the loss in frequency selective scheduling gain
	~28%
	New design for DL control channel

	
	DL-3
	the coverage of PDSCH be affected
DL cell spectral efficiency due to the loss in frequency selective scheduling gain
	~19%
	No impact on DL control channel


It can be observed that DL-1 bandwidth reduction option can bring largest cost saving but will cause RF tuning issue among the three downlink bandwidth reduction options. DL-2 bandwidth reduction option makes the best balance from the cost saving, performance impact and standard impact points of view.
In uplink, two bandwidth reduction options are discussed:

· Option UL-1: Reduced bandwidth for both RF and baseband

· Option UL-2: No bandwidth reduction
The average cost saving (maximum bandwidth reduced to 1.4MHz), performance impact analysis and specification impact analysis for UL bandwidth reduction are summarized in Table 2. 

Table 2. Summary of different UL bandwidth reduction options

	Technique
	Performance impact analysis
	Average cost saving
	Standard impact

	UL bandwidth reduction
	UL-1
	Coverage of PUCCH and PUSCH may be affected

degradation in the UL cell spectral efficiency due to the loss in frequency selective scheduling gain or PUSCH frequency hopping gain
RF tuning issue
	~5%
	PUCCH and SRS may be affected

	
	UL-2
	None
	-
	None


As agreed in [3], reduced bandwidth on the UL provides very small savings in the overall UE cost because the cost of the UL processing block is only a small portion of the total baseband cost. Considering the cost saving by UL bandwidth reduction is about 5% or less of the total UE modem cost and the RF tuning issue caused by UL bandwidth reduction, it is suggested to keep the UL bandwidth of low cost MTC UEs same as that of normal LTE UEs.  

Conclusion & recommendation: 
1. In order for MTC UEs based on LTE to be cost competitive to MTC UEs based on GSM/GPRS, it is suggested to take reduction of DL bandwidth as the most important cost saving technique.

2.  The downlink bandwidth of MTC UEs based on LTE should be reduced to 1.4MHz. The recommended DL bandwidth reduction option is option DL-2.
3.  The recommended UL bandwidth reduction is Option UL-2. 
2.1.2 Single receive RF chain
Refer to agreement in [6], the cost saving analysis, performance impact analysis and specification impact analysis for single receive RF chain are summarized in Table 3. 

Table 3. Summary of Single receive RF chain

	Technique
	Performance impact analysis
	Average cost saving
	Standard impact

	Single receive RF chain
	Downlink coverage loss: 3~6dBPDCCH and PHICH performance loss, 3~5dB PCFICH loss; PDCCH may be the coverage limited channel.
14~34% spectral efficiency reduction but the spectral efficiency still better than GSM.
	15~38%
	RAN1 specification changes may need to compensate for downlink coverage loss


Considering the significant cost saving by single receive RF chain, it is suggested to take single receive RF chain as an important cost reduction technique. However, DL coverage enhancement solutions are needed since PDCCH may be the coverage limited channel for single Rx MTC UEs.
Conclusion & recommendation: 

4. In order for MTC UEs based on LTE to be cost competitive to MTC UEs based on GSM/GPRS, Single receive RF chain should be taken as an important cost reduction technique.
5.  DL coverage enhancement solutions are needed to compensate the downlink coverage performance. 
2.1.3 Reduction of peak rate
Reduction of maximum transport block sizes for DL and UL, Restricting the number of PRBs in an assignment/grant and Restricting the maximum modulation order are discussed as in [4]. The cost saving analysis, performance impact analysis and specification impact analysis for peak rate reduction are summarized in Table 4. 

Table 4. Summary of peak rate reduction

	Technique
	Performance impact analysis
	Average cost saving
	Standard impact

	Reduction of peak rate
	 Reduction of maximum TBs for DL and UL
	No degradation on the cell spectral efficiency and coverage
	2.5%-5% for UL
8%-16% for DL
10.5%-21% for both
	New UE category to be defined

	
	Restricting the number of PRBs in an assignment/grant
	No degradation on the cell spectral efficiency and coverage
	1.5%-3% for UL

5%-10.5% for DL

6.5%-13.5% for both
	

	
	Restricting the maximum modulation order
	No degradation on coverage

Restricting the maximum modulation order reduces the DL and the UL spectral efficiency
	0%-3% for UL

3%-7% for DL

3%-10% for both
	


Considering the cost savings by restricting maximum TBs, PRBs in an assignment/grant and maximum modulation order and small performance impact caused by these peak rate reduction solutions, it is suggested to take reduction of peak rate as an important cost saving technique.
Conclusion & recommendation: 

6. In order for MTC UEs based on LTE to be cost competitive to MTC UEs based on GSM/GPRS, Reduction of peak rate should be taken as an important cost reduction technique.
7. New UE category shall be defined for low cost MTC UEs. 
2.1.4 Reduction of transmit power
Refer to agreement in [7], the cost saving analysis, performance impact analysis and specification impact analysis for reduction of transmit power are summarized in Table 5. 

Table 5. Summary of reduction of transmit power
	Technique
	Performance impact analysis
	Average cost saving
	Standard impact

	Reduction of transmit power
	Large impact on the uplink link budget; All uplink physical channels will be similarly affected, further contributing to a downlink/uplink link budget imbalance; the coverage may be worse than GSM/EGPRS.

uplink and downlink cell spectral efficiency may be affected
	10-12% only removal of PA, otherwise 2~7%
	protocol changes for restoring uplink coverage;

impact on RAN4 requirement


Considering the small cost saving and large UL coverage loss by reduction of transmit power, it is suggested not to consider reduction of transmit power as a cost reduction technique.
Conclusion & recommendation: 

8. Reduction of transmit power is not suggested to be considered as a suitable cost reduction technique.
2.1.5 H-FDD
Refer to agreement in [8], the cost saving analysis, performance impact analysis and specification impact analysis for H-FDD are summarized in Table 6. 

Table 6. Summary of H-FDD

	Technique
	Performance impact analysis
	Average cost saving
	Standard impact

	H-FDD
	no coverage loss

Cell spectral efficiency is unlikely to be degraded
increase the scheduling complexity of eNB
	4-8%
	impact on RAN4 specification


Considering the small cost saving and potential impacts to RAN4 specification, it is suggested to ask RAN4 for suggestion of H-FDD as a cost saving technique.

Conclusion & recommendation: 

9. It is suggested to ask RAN4 for suggestion of H-FDD as a cost saving technique.
2.2 Recommended group of cost reduction techniques
In order for cost of MTC UEs based on LTE to be competitive with that of GSM/GPRS, the cost of a MTC UE based on LTE would be reduced to 30%-40% of the cost of current LTE reference modem. It is observed that each single of the above cost reduction techniques can’t meet cost saving requirement. Hence, group of cost redcution techniques are needed to make the low cost MTC UEs to be cost competitive to GSM/GPRS MTC UEs.

Based on the summary and recommendation on single cost reduction techniques discussed in section 2.1,   we propose the following group of cost reduction approaches would need to be applied in order to achieve the cost saving goal:

· Reduction of downlink maximum bandwidth  (DL-2 option)
· Reduction of peak rate

· Single receive RF chain

If  the proposed group of cost reduction approaches (Reduction of downlink maximum bandwidth , Reduction of peak rate and Single receive RF chain), the estimated total cost reduction would be higher than 63%. 
2.3 Performance Analysis/evaluation on suggested group of cost saving techniques

Coverage and Cell spectral efficiency evaluations for low cost MTC UEs using the recommended group of cost reduction techniques are discussed in this section.
2.3.1 Coverage analysis
We can see the PDCCH performance degradation caused by the recommended group of cost saving techniques from the link level simulation results shown in [10].
· Single-Rx + 1.4MHz vs.  Dual-Rx +10MHz
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Figure 1. Single Rx UE under 1.4MHz compared with Dual-Rx UE under 10MHz bandwidth in Non-Correlation Scenarios
The PDCCH performance loss caused by the recommended group of cost saving techniques is high as shown in Figure 1.  DL coverage enhancement solutions should be considered to compensate the downlink coverage loss if applying the recommended group of cost saving techniques.
2.3.2 Cell spectral efficiency
We can see the cell spectral efficiency performance of recommended group of cost saving techniques from the system level simulation results shown in [9] and [10]
· Single-Rx + 1.4MHz vs.  Dual-Rx +10MHz
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Figure 2. Cell spectral efficiency comparison (Single-Rx + 1.4MHz vs.  Dual-Rx +10MHz)
· Single Rx +1.4MHz +TBs limited(1000bit)+ QPSK limited  vs. Dual Rx +10MHz+non-limited TBs+ non-limited Modulation
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· Figure 3. Cell spectral efficiency comparison  (Single Rx+1.4MHz +TBs (1Kbit)+ QPSK  vs. Dual Rx +10MHz)
From the simulation results shown in Figure 2 and 3, MTC UEs using the recommended group of cost saving techniques will cause significant cell spectral efficiency degradation but the cell efficiency is still better than that of GSM/EGPRS. 
3 Conclusion
In this contribution, we summarize the potential cost reduction techniques and propose our recommendation on each single cost reduction techniques as below:
1. In order for MTC UEs based on LTE to be cost competitive to MTC UEs based on GSM/GPRS, it is suggested to take reduction of DL bandwidth as the most important cost saving technique.

2.  The downlink bandwidth of MTC UEs based on LTE should be reduced to 1.4MHz. The recommended DL bandwidth reduction option is option DL-2.
3.  The recommended UL bandwidth reduction is Option UL-2. 
4. In order for MTC UEs based on LTE to be cost competitive to MTC UEs based on GSM/GPRS, Single receive RF chain should be taken as an important cost reduction technique.
5.  DL coverage enhancement solutions are needed to compensate the downlink coverage performance. 

6. In order for MTC UEs based on LTE to be cost competitive to MTC UEs based on GSM/GPRS, Reduction of peak rate should be taken as an important cost reduction technique.
7. New UE category shall be defined for low cost MTC UEs. 

8. Reduction of transmit power is not suggested to be considered as a suitable cost reduction technique.
9. It is suggested to ask RAN4 for suggestion of H-FDD as a cost saving technique.
In order for cost of MTE UEs based on LTE to be competitive with that of GSM/GPRS, the cost of an MTC UE based on LTE would be reduced to 30%-40% of the cost of current LTE reference modem. In order to achieve this cost saving goal,   we propose the following group of cost reduction approaches would need to be applied:

· Reduction of downlink maximum bandwidth  (DL-2 option)
· Reduction of peak rate

· Single receive RF chain

The recommended group of cost reduction techniques can meet the cell spectral efficiency performance requirement but may not meet the coverage performance requirement stated in RP-111112.    DL coverage enhancement solutions should be considered to compensate the downlink coverage loss if applying the recommended group of cost saving techniques. 
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