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1. Introduction

Peak rate reduction can lead to a reduction in the cost of MTC UE [1]. Several simplifications may be used to reduce both downlink and uplink peak rates.  Simplifications that had been mentioned include no higher-order modulations such as 16-QAM and 64-QAM, reduced TBS subset, and reduced number of HARQ processes. This can result in a substantial saving in the baseband component modules such as channel processing blocks, turbo decoder(s), and memory.  Further reductions in RF component costs can also be achieved due to relaxed processing and power amplifier requirements, especially in the UE transmitter when enabling QPSK modulation only.
This contribution analyzes cost reduction benefits versus coverage and capacity impacts from reducing the supported peak rates in the downlink and uplink of the UE by different options.  
2. Summary of Analysis
Table 1 - Table 2 summarizes key points from the performance and cost analysis of reduction in peak rates.  Compared to a reference Category 1 UE, power consumption in the baseband modules should be diminished due to reduced complexity.  
From a performance perspective, we have to separate what kinds of measures are taken in order to reduce the peak data rate. 

Considering the removal of higher-order modulations (see Table 1), there may be mainly some loss in UL capacity due to the restricted spectral efficiency since MTC capacity is most likely to be limited by the DL control and PUSCH capacity. A more detailed capacity analysis is given Section 3.

Of course, also in DL direction a limit in spectral efficiency, i.e. higher-order modulation, will affect the capacity of the overall system in mixed MTC and normal traffic. But as the MTC traffic seems to be more UL heavy, the deterioration might be minor. 
In general, we have to keep in mind that restricting the modulation order only might not even lead to any peak data rate reduction related baseband cost saving as such – just more resources/bandwidth would be required to transmit the same peak data rate compared to Cat. 1. 
Other ways of reducing the peak data rate, i.e. reduced TBS subset compared to Cat 1 (below 10296) and reduced number of HARQ process are not expected to affect neither on MTC-specific capacity nor on the system capacity for a mixed low-cost MTC & normal UE system.

None of the identified peak data rate reduction techniques should result in any coverage loss.  A detailed discussion on capacity and coverage impacts is given in Section 3.
Table 1.  Performance summary of reduced peak data rates.

	Performance Metric
	Evaluation

	Power consumption
	Reduced power consumption in baseband modules.  

	Coverage
	No impact in UL or DL.

	Capacity
	Moderate loss of capacity from reduction of uplink peak rate by using QPSK modulation only. 
Minor expected capacity loss by reduced DL spectral efficiency, i.e. QPSK only.
No UL or DL capacity loss by reduced TBS set or reduced number of HARQ processes.


From a cost saving perspective (see Table 2), a meaningful cost reduction may be achieved in the baseband modules.  Lower-cost components can be used due to the absence of spatial multiplexing, smaller memory, reduced number decoding units, and reduced complexity. It is estimated that this can lead to approximately 5-7% cost saving for a reference LTE modem.  The cost of the RF module could be decreased somewhat relaxed processing and power amplifier requirements.  However, it is estimated that the saving will be minimal.  
Table 2.  Cost summary of reduced peak data rates.

	Cost Metric
	Evaluation

	Baseband
	Approximately 5-7% cost saving for a reference LTE modem (UE category 1) considering reduced TBS & number of HARQ processes. 
No baseband cost savings by QPSK modulation as such.

	RF
	Minimal saving mainly through QPSK only.


3. UL Capacity Analysis for removal of 16QAM in UL
In general, MTC services are uplink-centric as information is mostly transmitted from the MTC devices to the network.  Examples of typical MTC services include monitoring, tracking, sensors, payment, and remote managements.  Downlink transmissions may be in the form of control messaging, acknowledgements, and updates which may be done in a group-wise manner (e.g. using group-addressing or MBSFN concepts).  As a result, it is not unreasonable to assume that MTC capacity, defined as the number of devices within an area, will be either PUSCH or downlink control-channel (PDCCH) limited.

Table 3 illustrates system-level capacity loss from supporting only QPSK in the uplink, with all QPSK TBS available for use. The reference baseline assumes UE Category 1 which is capable of QPSK and 16-QAM modulations.  3GPP simulation scenarios Case-1 and Case-3 are considered here.  The traffic model is regular reporting [2] with reporting interval of 5 minutes and packet size of 1000 bits.  The system bandwidth is 5 MHz and two receive antennas at the eNB are assumed.  
Table 3.  Capacity loss from supporting only QPSK in the uplink.

	Simulation Scenario
	Uplink Capacity Loss

	Case-1
	24%

	Case-3
	19%


From Table 3, it can be seen that the capacity loss is 19% for Case-3 and 24% for Case-1.  In this analysis, PDCCH capacity was not considered.  Since it is possible that MTC capacity will be limited by the control channel, the actual capacity loss may be somewhat less than shown in Table 3.  Nonetheless, it is reasonable to expect a loss of between 10-20% in the capacity for the MTC traffic when only QPSK is used in the uplink. 

4. Cost Analysis 

Lower-cost components can be used due to reduced complexity (e.g. reduced TBS subset and having only QPSK modulation) and less memory. It is estimated that this can lead to approximately 5-7% cost saving for a reference LTE modem.  Note that the estimate will vary from one modem design to another.
The cost of the RF module could be decreased somewhat relaxed processing and power amplifier requirements.  However, it is estimated that the saving will be minimal.
5. Conclusion
Depending on the chosen method for peak data rate reduction, there is no, minimal or some system capacity degradation present whereas the coverage is not effected by any of the considered techniques. The peak data rate reduction in several ways will lead to a reduction in power consumption & BB cost.  From the analysis, it is estimated that reduction of peak rate can lead to approximately 5-7% cost saving for a reference LTE modem.    
In the following table we shortly summarize the findings and indicate our recommendations on considering the different ways to reduce the peak data rate in uplink and downlink.

Recommendation:

	Technique
	Pros
	Cons
	NSN & Nokia recommendation

	QPSK only in UL 
	Reduced RF cost
	Some capacity loss
No effect on BB cost if same TBS set/# HARQ processes
	No

	QPSK only in DL 
	Minimal RF cost
	Minor DL capacity loss
No effect on BB cost if same TBS set/# HARQ processes


	No

	Reduced # HARQ in UL/DL
	Reduced BB cost
	-
	Yes

	Reduced TBS subset compared to UE Cat1 (below 10296)
	Reduced BB cost
	-
	Yes
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