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1 Introduction

At the previous meeting (RAN1#68), the MCL methodology for GSM/GPRS and LTE FDD systems provided in [1] and the simulation assumptions for spectral efficiency of LTE FDD provided in [2] were both approved and captured in [3]. This contribution provides a text proposal for the evaluation methodology on link budget and spectral efficiency for LTE TDD systems.
2 Text proposal
Text Proposal for sections 5.2.1.2 and 5.2.1.3 of TR 36.888
---------------------------------------------Start text proposal----------------------------------------------------------
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5.2.1.2
Coverage analysis

A link budget is a reasonable method for coverage analysis. The following link budget tables capture the reference Maximum Coupling Loss (MCL) that can be used when comparing with that of a low-cost LTE MTC device, for example, to compare the MCL of MTC devices to the reference MCL in GSM/GPRS when assessing if service coverage provided to low-cost MTC UE is not worse than GSM/GPRS, or to compare the MCL of MTC devices to the reference MCL in LTE when assessing if the same defined LTE cell coverage footprint as engineered for “normal LTE UEs” can be ensured.

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. Required SINR is from [3], 5dB Rx processing gain is considered, and 4 dB back off is assumed when 8PSK is involved. The Maximum Coupling Loss (MCL) calculations for GSM/EGPRS are presented in Table 5.2.1.2-1. The minimal MCL in Table 5.2.1.2-1 is minimal coverage requirement for low cost UE.

Table 5.2.1.2-1: MCL calculation for GSM/EGPRS
	Physical channel name
	UL
	DL

	Data rate(kbps)
	20 (1 TSL)
	20 (2 TSL)

	Transmitter
	
	

	(1) Tx power  (dBm)
	29
	43

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	9

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	180000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-112.4

	(7) Required SINR (dB)
	11
	7

	(8) Receiver sensitivity

         = (6) + (7) (dBm)
	-105.4
	-105.4

	(9) Rx processing gain
	5
	0

	(10) MCL 

         = (1) ((8) + (9) (dB)
	139.4
	148.4


The MCL calculations for normal LTE FDD are given in Table 5.2.1.2-2. PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.

Table 5.2.1.2-2: MCL calculation for normal LTE FDD
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	[-4.3]
	[-4.0] 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	[-117.7] 
	[-113.4] 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 

         = (1) ( (8) (dB)
	147.2
	141.7
	[140.7]
	[145.4]
	149.0
	149.3
	146.1


The MCL calculations for normal LTE TDD are summarized in Table 5.2.1.2-3.

Table 5.2.1.2-3: MCL calculation for normal LTE TDD
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	49
	49
	49
	49

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	[-10]
	[-15]
	[-11.0]
	[-6.7]
	-7.5
	-7.8
	[-5.5]

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	[-126.4]
	[-123.7]
	[-124.4]
	[-116.1]
	-112.2
	-112.5
	[-104.1]

	(9) MCL 

         = (1) ( (8) (dB)
	[149.4]
	[146.7]
	[147.4]
	[148.1]
	149.0
	149.3
	[146.9]


The transmission mode for LTE FDD and TDD downlink channel is Transmission Mode 2. For LTE TDD systems, eNB with 8T8R and UE with 1T2R are assumed. 1 OFDM symbol is used for PDCCH. The required SINRs of PDSCH and PUSCH are obtained by simulation. The required SINRs of control channels in Table 5.2.1.2-2 are averages from all the sourcing companies in [4] excluding source 10, and the values of source 10 are used in Table 5.2.1.2-3. For remaining parameters, refer to [4].
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 reference spectral efficiency of GSM/EGPRS is 0.3bit/s/Hz/site for downlink and 0.1bit/s/Hz/site for uplink. 

The reference spectral efficiency of LTE FDD is [1.5] bit/s/Hz/site for downlink and [1.2]bit/s/Hz/site for uplink and the reference spectral efficiency of LTE TDD is [2.0] bit/s/Hz/site for downlink and [1.7] bit/s/Hz/site for uplink, based on the system simulation under the following assumptions:

1) Simulation scenario is 3GPP case1. 

2) Full duplex FDD @ 900MHz. Half duplex TDD @ 2.6GHz.
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) FDD: DL: 2 Tx, 2 Rx (Transmission Mode 6). UL: 1 Tx, 2 Rx.
TDD: DL: 8 Tx, 2 Rx (Transmission Mode 7). UL: 1 Tx, 8 Rx.
Other informative parameters for simulation are summarized in Table 5.2.1.3.
Table 5.2.1.3: Parameters for simulation
	Parameters
	Assumptions

	Duplex method and bandwidths
	TDD: configuration 1: DL:SP:UL = 2:1:2
Special subframe: DwPTS 11 symbol, GP 1 symbol, UpPTS 2 symbol

	UE speed
	3km/h

	
	

	Uplink transmission scheme
	LTE Rel-8 SIMO

	Downlink HARQ scheme
	HARQ-CC

	Downlink receiver type
	[MRC]

	Link adaptation
	
CQI: 5ms delay 10ms period; FDD:PUCCH 1-1 .TDD: PUCCH 2-0

	Antenna configuration at base station
	Correlated cross-polarized antenna 

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

	Overhead assumption
	DL overhead: 3 OFDM symbols for DL CCHs, 2 port CRS for TM6, and 1 port CRS and 1 port DMRS for TM7.


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. Note that the reference spectral efficiencies assume no MTC devices. 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.

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