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1 Introduction

The cost drivers of the reference LTE modem are captured in section 5.3 of TR 36.888 v1.0.0. This contribution provides a text proposal for the concept of “reduction of peak rate” for Section 6.4 of TR 36.888.
-------------------------------------------Start text proposal----------------------------------------------------------
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6.4
Reduction of peak rate

6.4.1
Description
The reference LTE modem is a Category 1 UE supporting 10296 transport block (TB) bits within a TTI on the downlink and 5160 bits on the uplink, where the number of transport block bits are influenced in part by characteristics of the UE category such as support of only single layer transmission on the downlink or no 64QAM support on the uplink [2]. There are various techniques that reduce the peak rate relative to the Category 1 UE and thereby provide a cost reduction. Though each technique could result in a new UE category with a smaller supported TB size and the associated characteristics, it is anticipated that one new lower UE category will be sufficient.

Techniques for peak rate reduction include:

(1)  Reduction of maximum transport block sizes for DL and UL
(2) Restricting the number of PRBs in an assignment/grant
(3) Restricting the maximum modulation order 
The cost reductions of these techniques are not necessarily cumulative.
Note: Reduction of maximum bandwidth (refer to Section 6.2) is also an option to reduce the peak rate. 
6.4.2
Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs) 
	No

	Minimum data rate
	Yes

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.4.2.1
Coverage analysis
Reducing the peak rate in general does not make the coverage worse. 

6.4.2.2
Minimum data rate

Reducing the peak rate has no impact on the minimum data rate as long as the TB size determined from the TB size table [5] exceeds the required minimum data rates (118.4kbps downlink and 59.2kbps uplink). Any TB restriction from a new lower UE category should also consider the characteristics of MTC traffic in Annex A. 
6.4.2.3
Power consumption
Reducing the peak rate in general does not make the power consumption worse, unless the TB size is restricted to such a degree that typical MTC traffic requires a larger number of TTI for transmission or reception.

The reduced complexity in processing a smaller maximum TB will typically reduce power consumption, as seen in turbo decoding and UL processing block. Restricting the maximum modulation order may reduce the ADC power consumption. 

6.4.2.4
Impact on specification
The impact on the specification varies with each technique to reduce the peak rate. In all cases, a new entry to [2] is required and any characteristics of the restriction should be noted. Various tables in [5] may have entries that the new category UE will not use, and some DCI messages may have parameters values that will not be assigned; optimization of these tables and messages is not required, but is also not precluded.  
6.4.2.5
Cell spectral efficiency
Reducing the peak rate in general does not degrade the cell spectral efficiency, as long as the maximum modulation order is not restricted. Restricting the maximum modulation order reduces the DL and the UL spectral efficiency. For example, if restricted to QPSK for both DL and UL, the spectral efficiency is reduced from [1.5] to [0.716] bit/s/Hz for DL and from [1.04] to [0.673] bit/s/Hz for UL. The reduced spectral efficiency can affect the number of reports that can be made, especially when there is heavy access load. 

6.4.3
Analysis/evaluation of cost reduction
Based on the cost drivers and values for the reference LTE modem in Section 5.3, the cost savings for each peak rate reduction technique are summarized as following:

(1)  Reduction of maximum transport block sizes for DL and UL
The cost savings are due to reduced requirements for UL processing, turbo decoding, and HARQ buffering.
(2) Restricting the number of PRBs in an assignment/grant
The cost savings are due to reduced requirements for UL processing, turbo decoding, and HARQ buffering.
(3) Restricting the maximum modulation order
The cost savings are due to less restrictive power amplifier EVM requirements, local oscillator of RF transceiver, less precision needed for the ADC, simplification of the UL processing block, turbo decoding, post-FFT data buffering, and HARQ buffering. 

Table 6.4.3 summarizes the cost savings for Techniques 1, 2 and 3 according to the recommended values for evaluation. In Technique 1, cost savings are derived from the reference Category-1 UE with reduction of maximum TB size for DL or UL to 1000 bits. In Technique 2, cost savings are derived from the reference Category-1 UE restricted to 6PRBs in 20MHz bandwidth carrier (4392 bits downlink and 2600 bits uplink supported TB size). In Technique 3, cost savings are derived from the reference Category-1 UE with restricting the maximum modulation to QPSK for DL or UL. Note that the cost savings estimation is not tied to an individual company evaluation.
Table 6.4.3: Relative cost savings estimation for Technique 1, 2 and 3

	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended (for Evaluation)
	Technique 1
(Relative savings)
	Technique 2

(Relative savings)
	Technique 3

(Relative savings)

	RF

	Power amplifier
	25%-30%
	NA
	NA
	0-20%

	Filters
	5%-10%
	NA
	NA
	NA

	RF transceiver
( including LNAs, mixer, and local oscillator)
	40%-50%
	NA
	NA
	0-10%

	Duplexer /Switch
	15%-25%
	NA
	NA
	NA

	Other
	0%-10%
	NA
	NA
	NA

	Total of RF
	95%-110%
	NA
	NA
	0%-6% for UL

0%-5% for DL

0%-11% for both

	Baseband

	ADC / DAC 
	10%
	NA
	NA
	30%

	FFT/IFFT
	5%
	NA
	NA
	NA

	Post-FFT data buffering
	10%-15%
	NA
	NA
	17%-33%

	Receiver processing block
	20%-35%
	NA
	NA
	NA

	Turbo decoding
	5%-15%
	90%
	57%
	NA

	HARQ  buffer
	10%-15%
	90%
	57%
	NA

	DL control processing & decoder
	5%
	NA
	NA
	NA

	Synchronization / cell search block
	10%-15%
	NA
	NA
	NA

	UL processing block
	5%-10%
	81%
	50%
	10%

	MIMO specific processing blocks
	5%-15%
	NA
	NA
	NA

	Other
	0%
	NA
	NA
	NA

	Total of Baseband
	90%-110%
	4%-8% for UL

13.5%-27% for DL

17.5%-35% for both
	2.5%-5% for UL

8.5%-17% for DL
11%-22% for both
	0.5%-1% for UL

4.5%-8% for DL

5%-9% for both

	Overall relative cost savings
	
	2.5%-5% for UL
8%-16% for DL
10.5%-21% for both
	1.5%-3% for UL

5%-10.5% for DL

6.5%-13.5% for both
	0%-3% for UL

3%-7% for DL

3%-10% for both


The mechanism for peak rate reduction could have some additional small savings not considered here. For example, eliminating the processing for more than one turbo code block or reducing the number of HARQ processes. 












































































