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Introduction

At the last RAN1 (67) meeting, text proposal for evaluation methodology of low cost MTC UE was presented in [2] and agreed, where the link budget for GSM/EGPRS as well as the benchmark spectral efficiency should be assessed and further details are TBD. Two parts, RF and processing, were agreed as significant cost drivers for reference LTE modem [1], and ADC/DAC was categorized into the processing part. An offline email discussion was initiated for the breakdown of reference LTE modem in Section 5.3 of TR 36.888, but details need to be further clarified. In this contribution, details on link budget, the benchmark spectral efficiency and cost drivers are discussed and the text proposal is provided.
Discussion
It is required in [3] that service coverage provided to low-cost MTC UE is not worse than GSM/GPRS, and the same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs. It was agreed [2] that link budget for GSM/EGPRS acts as benchmark, but details such as values of some of parameters need further clarifications and agreements, based on which analysis results of link budget could be evaluated objectively. Considering when it requires validating whether the same defined LTE cell coverage footprint applies for low-cost MTC UEs, link budget for LTE systems is needed as well. Details for link budget templates of GSM and LTE are presented in the text proposal.
It is quite beneficial to derive the cell spectral efficiency of GSM/EGPRS from the existing references, which is 0.33bit/s/Hz/site for downlink and 0.106bit/s/Hz/site for uplink according to [4]. If cell spectral efficiency of LTE acts as benchmark, it is beneficial to use the values evaluated and specified in [5]. However, such values are derived without limit to any UE category, and it was agreed to use Cat-1 UE to align the basic assumption for a reference LTE modem [2]. Hence, system simulations may be needed, and the basic simulation assumption is based on:
1) Simulation scenario is 3GPP case1,
2) Full duplex FDD,
3) 10MHz system bandwidth,
4) UEs are uniformly distributed with average 10 UEs per sector,
5) Traffic model is full buffer,
6) Channel model is SCM,
7) Scheduling algorithm is PF (Proportional Fairness),
8) Single port transmission mode and 2 Rx in UE. 
According to the system simulation, cell spectral efficiency for LTE is about 1.5bit/s/Hz/site for downlink and 1.04bit/s/Hz/site for uplink.
The initial breakdown of reference LTE modem was presented in [6], in which three parts, RF, ADC/DAC, and baseband processing are identified, and the relative cost values are deduced in terms of occupied resource. In order to put this SI forward further, another breakdown method based on procedures or algorithms of the LTE modem, especially for the processing part, is given and presented in the text proposal. 
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5.2.1.2
Coverage analysis

A link budget is a reasonable method for coverage analysis.

The values of some of the parameters of the link budget need to be common to all candidate solutions, and any solution-specific parameter values have to be determined by analysis or by simulation.

The link budget for GSM/EGPRS as benchmark should be assessed., and the corresponding template is presented in Table 5.2.1.2-1.
Table 5.2.1.2-1: Link budget for GSM/EGPRS
	Morphology
	Density Urban

	System model
	GSM

	System configuration
	UL
	DL

	Channel bandwidth(KHz)
	200
	200

	BS antenna height (m)
	30

	UE antenna height(m)
	1.5

	Channel frequency(MHz)
	900 

	Data rate(Kbps)
	[59.2]
	[118.4]

	Tx

	(1) Max Tx power(dBm)
	33.0 
	43.3 

	(2) Tx antenna gain(dBi)
	0 
	15 

	(3) Cable, connector, combiner, body losses, etc(dB)
	1 
	3 

	(4) EIRP=(1)+(2)-(3)(dBm)
	32 
	55 

	Rx

	(5) Rx antenna gain(dBi)
	15 
	0 

	(6) Cable, connector, combiner, body losses, etc(dB)
	3 
	1 

	(7) Receiver sensitivity(dBm)
	[-91]
	[-79]

	(8) Min signal reception strength=(7)+(6)-(5)(dBm)
	[-103]
	[-78]

	Path loss

	Log-normal shadow fading standard deviation(dB)
	6

	Propagation model used
	Okumura-Hata

	(9) Penetration loss(dB)
	9 

	(10) Log-normal shadow fading margin(dB)
	4.9 

	(11) Maximum allowable path loss
        =(4)-(8)-(9)-(10) (dB)
	[121]
	[119]

	(12) Cell radius（km）
	[0.33]
	[0.29]


The link budget templates for LTE are given in Table 5.2.1.2-2 and Table 5.2.1.2-3. PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.
Table 5.2.1.2-2: Link budget for LTE FDD system
	Morphology
	Density Urban

	System model
	LTE

	Scenario
	UL
	DL
	UL
	DL
	DL
	DL
	UL

	Channel type
	PUSCH 
	PDSCH
	PRACH
	PBCH
	SCH
	PDCCH/
PCFICH
	PUCCH

	Resource
	6RB
	6RB
	6RB
	　
	　
	6RB/2CCE
	1RB

	Carrier frequency(KHz)
	900

	BS antenna heights (m)
	30

	UE antenna height(m)
	1.5

	Data rate(Kbps)
	[59.2] 
	[118.4] 
	　

	Tx
	　

	(1) Max Tx power per antenna on whole band(dBm)
	24 
	43 
	24 
	43 
	43 
	43 
	24 

	(2) Max Tx power per antenna on occupied  band=(1) for UL;
 =(1)-10*log(whole bandwidth/occupied bandwidth) for DL(dBm)
	24 
	34 
	24 
	34 
	34 
	34 
	24 

	(3) Number of Tx antennas
	1 
	2 
	1 
	2 
	2 
	2 
	1 

	(4) Max Tx power at multiple antennas=(2)+10*log((3))(dBm)
	24 
	37 
	24 
	37 
	37 
	37 
	24 

	(5) Tx antenna gain(dBi)
	0 
	15 
	0 
	15 
	15 
	15 
	0 

	(6) Cable, connector, combiner, body losses, etc(dB)
	1 
	3 
	1 
	3 
	3 
	3 
	1 

	(7) Power Boosting(dB)
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	(8) EIRP=(4)+(5)-(6)+(7)(dBm)
	23 
	49 
	23 
	49 
	49 
	49 
	23 

	Rx
	　

	(9) Rx antenna gain(dBi)
	15 
	0 
	15 
	0 
	0 
	0 
	15 

	Number of Rx antennas
	2 
	2 
	2 
	2 
	2 
	2 
	2 

	(10) Cable, connector, combiner, body losses, etc(dB)
	3 
	1 
	3 
	1 
	1 
	1 
	3 

	(11)Noise density(dBm/Hz)
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 

	(12) Rx noise figure(dB)
	5 
	7 
	5 
	7 
	7 
	7 
	5 

	(13) Required SINR(dB)
	[-7.3]
	[-4.2] 
	-10.1(Ⅰ) 
	-6.1(Ⅱ) 
	-6.0(Ⅲ) 
	4.3(Ⅳ) 
	-5.0(Ⅴ) 

	(14) HARQ(dB)
	0.5 
	0.5 
	0 
	0 
	0 
	0 
	0 

	(15) Receiver sensitivity=(11)+(12)+(13)+
10*log(occupied bandwidth)-(14)(dBm)
	[-116] 
	[-111] 
	-119 
	-113 
	-113 
	-107 
	-121 

	(16) Min signal reception strength=(15)+(10)-(9)(dBm)
	[-128] 
	[-110] 
	-131 
	-112 
	-112 
	-106 
	-133 

	Path loss
	　

	Log-normal shadow fading standard deviation(dB)
	6

	Propagation model used
	Okumuru-Hata

	(17) Penetration loss(dB)
	9 

	(18) Log-normal shadow fading margin(dB)
	4.9 
	8.1

	(19) Maximum allowable path loss=(8)-(16)-(17)-(18) (dB)
	[138] 
	[145]
	137 
	143 
	143 
	138 
	139 

	(20) Cell radius（km）
	[0.99] 
	[1.56] 
	0.93 
	1.37 
	1.37 
	0.99 
	1.06 


The transmission mode for LTE downlink channel is TM2, and 3 OFDM symbols are used for PDCCH. The required SINRs of PDSCH and PUSCH can be obtained by simulation. 

The required SINRs of control channels are from RAN4 specification for 1.4MHz in case of ETU channel model, and other parameters refer to [2].

 (Ⅰ) refers to Table 8.4.2.1-1 in [3].

(Ⅱ) refers to Table 8.6.1.1-1 in [4].

(Ⅲ) refers to Table B.2.1-1 in [5].

(Ⅳ) refers to [6].

(Ⅴ) refers to Table 8.3.2.1-1 in [3].   

Table 5.2.1.2-3: Link budget for LTE TDD system
	Morphology
	Density Urban

	System model
	LTE

	Scenario
	UL
	DL
	UL
	DL
	DL
	DL
	UL

	Channel type
	PUSCH 
	PDSCH
	PRACH
	PBCH
	SCH
	PDCCH/
PCFICH
	PUCCH

	Resource
	6RB
	6RB
	6RB
	　
	　
	6RB/2CCE
	1RB

	Carrier frequency(KHz)
	2600

	BS antenna heights (m)
	30

	UE antenna height(m)
	1.5

	Data rate(Kbps)
	[59.2] 
	[118.4] 
	　


	Tx
	　

	(1) Max Tx power per antenna on whole band(dBm)
	24 
	43 
	24 
	43 
	43 
	43 
	24 

	(2) Max Tx power per antenna on occupied  band=(1) for UL;
 =(1)-10*log(whole bandwidth/occupied bandwidth) for DL(dBm)
	24 
	34 
	24 
	34 
	34 
	34 
	24 

	(3) Number of Tx antennas
	1 
	2 
	1 
	2 
	2 
	2 
	1 

	(4) Max Tx power at multiple antennas=(2)+10*log((3))(dBm)
	24 
	37 
	24 
	37 
	37 
	37 
	24 

	(5) Tx antenna gain(dBi)
	0 
	17 
	0 
	17 
	17 
	17 
	0 

	(6) Cable, connector, combiner, body losses, etc(dB)
	1 
	3 
	1 
	3 
	3 
	3 
	1 

	(7) Power Boosting(dB)
	0 
	0 
	0 
	0 
	0 
	0 
	0 

	(8) EIRP=(4)+(5)-(6)+(7)(dBm)
	23 
	51 
	23 
	51 
	51 
	51 
	23 

	Rx
	　

	(9) Rx antenna gain(dBi)
	17 
	0 
	17 
	0 
	0 
	0 
	17 

	Number of Rx antennas
	2 
	2 
	2 
	2 
	2 
	2 
	2 

	(10) Cable, connector, combiner, body losses, etc(dB)
	3 
	1 
	3 
	1 
	1 
	1 
	3 

	(11)Noise density(dBm/Hz)
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 
	-174 

	(12) Rx noise figure(dB)
	5 
	7 
	5 
	7 
	7 
	7 
	5 

	(13) Required SINR(dB)
	[-4.5] 
	[-3.9] 
	-10.1 
	-6.1 
	-6.0 
	4.3 
	-5.0 

	(14) HARQ(dB)
	0.5 
	0.5 
	0 
	0 
	0 
	0 
	0 

	(15) Receiver sensitivity=(11)+(12)+(13)+
10*log(occupied bandwidth)-(14)(dBm)
	[-114]
	[-111] 
	-119 
	-113 
	-113 
	-107 
	-121 

	(16) Min signal reception strength=(15)+(10)-(9)(dBm)
	[-128] 
	[-110] 
	-133 
	-112 
	-112 
	-106 
	-135 

	Path loss
	　

	Log-normal shadow fading standard deviation(dB)
	6

	Propagation model used
	COST231-Hata

	(17) Penetration loss(dB)
	9 

	(18) Log-normal shadow fading margin(dB)
	4.9 
	8.1

	(19) Maximum allowable path loss =(8)-(16)-(17)-(18) (dB)
	[137] 
	[147] 
	139 
	145 
	145 
	140 
	141 

	(20) Cell radius（km）
	[0.61] 
	[1.17] 
	0.70 
	1.03 
	1.03 
	0.74 
	0.79 


The transmission mode for LTE downlink channel is TM2, and 3 OFDM symbols are used for PDCCH. Uplink-downlink configuration #1 and the special subframe configuration #4 are assumed,

(Ⅰ) refers to Table 8.4.2.1-1 in [3].

(Ⅱ) refers to Table 8.6.1.1-1 in [4].

(Ⅲ) refers to Table B.2.1-1 in [5].

(Ⅳ) refers to [6].

(Ⅴ) refers to Table 8.3.2.1-1 in [3].  
5.2.1.3
Cell spectral efficiency

Two approaches can be used to compute the average spectral efficiency:

(1) Cell spectral efficiency is determined through system simulation.

(2) Relative spectral efficiency reduction to Rel 8-10 LTE or increase to R99 GSM/EGPRS is determined analytically.

The spectral efficiency of GSM/EGPRS is 0.33bit/s/Hz/site for downlink and 0.106bit/s/Hz/site for uplink. 

The spectral efficiency of LTE is 1.5 bit/s/Hz/site for downlink and 1.04bit/s/Hz/site for uplink based on the system simulation, and the basic assumption is based on:
1) Simulation scenario is 3GPP case1. 
2) Full duplex FDD. 
3) 10MHz system bandwidth. 
4) UEs are uniformly distributed with average 10 UEs per sector. 
5) Traffic model is full buffer. 
6) Channel model is SCM. 
7) Scheduling algorithm is PF (Proportional Fairness).

8) Single port transmission mode and 2 Rx in UE. 
The cell spectrum efficiency is expected to have a range that depends on the ratio of MTC and non-MTC devices, ranging from at least that achieved by R99 GSM/EGPRS to that achieved by Rel-10 LTE. Potential cost reduction techniques captured in the TR that will have any impact to spectral efficiency should present spectrum efficiency as well as cost analysis. The average spectral efficiency for MTC and non-MTC UEs can be computed separately, so as to capture the different impact on MTC and non-MTC UEs.
5.3 
Cost drivers of reference LTE modem

[Editor’s Note: This sub-clause lists the major cost contributors in an LTE UE specifically RF and baseband. A possible representation is a relative cost in a scale of 1 to 10]
Based on procedures/algorithms of the LTE modem, the breakdown of reference LTE modem can be summarized in Table 5.3.
Table 5.3：Breakdown of reference LTE modem based on procedures/algorithms
	Functional block
	Values
	description

	Ratio of RF to baseband cost
	40:60
	

	RF

	Power amplifier
	25%
	

	Filters
	10%
	

	RF chains (LNAs, demodulators etc.)
	45%
	Including LNAs, mixer, and local oscillator.

	Duplexer
	20%
	In general, duplexer is cheaper than PA.

	Other
	~0%
	

	Total
	100%
	

	Processing

	FFT/IFFT
	~5%
	

	Channel estimator block
	~25%
	Including CSI measurement and channel estimation.

	ADC / DAC
	~10%
	1Tx/2Rx, Cat-1UE, 20MHz bandwidth.

	DL transport channel processing block
	10%~15%
	Including turbo decoding and demodulation

	DL control channel processing block
	5%~10%
	Including convolution decoding and demodulation

	Subframe buffering
	~10%
	

	HARQ memory
	~10%
	

	Synchronization / cell search block
	~10%
	

	UL processing block 
	~10%
	UL processing includes all uplink processing, e.g. PUCCH, PUSCH, PRACH etc

	MIMO specific processing blocks
	~5%
	

	Other
	~0%
	

	Total
	100-110%
	


---------------------------------------------------End text proposal-----------------------------------------------------











































































