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1 Introduction

In this contribution, we present the system level performance results to verify if the LTE uplink concept meets the target defined in TR 25.913.
2 Simulation methodology
2.1 Simulation set-up
For the physical layer framework used in the simulation, we followed the recommendation in [1] as described in annex A. Simulation parameters are described in Annex B and other detailed simulation parameters are also described for each simulation result. Modulation and coding schemes used are shown in table B3, where the data rate is calculated assuming that 5 long blocks in a sub-frame are used for the data transmission. In case of time domain scheduling, transmit power may be insufficient to use the whole bandwidth especially cell edge UEs. Thus, in addition to basic MCS level, repetition at the lowest MCS level is included. For a link-to-system interface, we use the ESM method, which has been presented in [2] and to take into account the degradation due to non-ideal channel estimation, channel estimation loss is modelled based on [3]. Interference from the UEs to which the cell is not the serving cell is estimated as the frequency selective noise based on the actual transmission.
2.2 Scheduling and link adaptation

To preserve the single carrier characteristic, Node B allocates the consecutive frequency resource to a scheduled UE. The PF scheduling principle is described in Annex C. To support the channel sensitive scheduling, we assume that one long block is used to transmit the channel quality estimation (CQ) pilot. An example is shown in Figure 1, where SB#3 and SB#4 are used to transmit the CQ pilot and the CQI, respectively. The pilot transmit power is controlled by slow closed-loop power control with 10ms power control period. 
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Figure 1. Sub-frame structure assumed in the simulation
Scheduling and transmission procedure is as follows.
· The UE reports its power headroom status with a certain period, e.g. the power control period. 

· At a given time instance, Node B selects UEs that are allowed to transmit data, decides the amount of the resource for each scheduled UE, and decides a proper MCS level based on the power headroom information. 

· UE transmits data using the commanded MCS level with the pre-defined traffic to pilot ratio as a function of the MCS level.
3 System performance results

3.1 Evaluation with WCDMA E-DCH assumptions
In order to reuse the WCDMA E-DCH simulation results for comparison purposes, the LTE uplink is simulated with the E-DCH simulation assumption. Main simulation parameters are listed in Table 1. 6dB IoT is assumed as the operating level similar to the WCDMA E-DCH. 

	Parameter
	Assumption

	Bandwidth
	10 MHz for LTE, 5MHz for E-DCH

	TTI length
	0.5 msec for LTE, 2 msec for E-DCH

	Inter-site distance (ISD)
	2800m

	Channel model
	Ped-B 3kmph

	Penetration loss
	0dB

	Uplink overhead
	E-DPCCH/DPCCH for E-DCH, 2 SBs and 1 LB for LTE UL

	# of UEs per sector
	10


Table 1. Simulation parameters
Sector throughput and 5% CDF throughput for each case are summarized in Table 2. In LTE case, the system performance is evaluated for different bandwidth allocation resolution (BAR). The LTE uplink achieves about 2.30 to 2.58 times better sector throughput and 1.83 to 2.5 times better 5% CDF user throughput compared to the WCDMA E-DCH. It is observed that the smaller BAR achieves larger sector throughput as well as larger 5% CDF user throughput. This is because the smaller BAR provides better adaptation of the transmission bandwidth against the variation of the UE power headroom as well as the channel quality situation. 

Figure 2 shows the fairness curve of each case, where similar fairness is observed for the tested cases.
	
	Sector throughput
	5% CDF user throughput
	IoT [dB]

	
	Absolute value [b/s/Hz]
	Relative gain 
	Absolute value
[b/s/Hz]
	Relative gain
	

	WCDMA E-DCH–ref.
	0.26
	N/A
	0.0060
	N/A
	6.1

	LTE (BAR = 10MHz)
	0.60
	2.30
	0.011
	1.83
	5.5

	LTE (BAR = 5MHz)
	0.62
	2.38
	0.014
	2.33
	5.9

	LTE (BAR = 2.5MHz)
	0.66 
	2.54
	0.017 
	2.83
	5.5

	LTE (BAR = 1.25MHz)
	0.67 
	2.58
	0.015 
	2.50
	5.4


Table 2. Sector throughput and 5% CDF user throughput
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Figure 2. Fairness curve

3.2 Evaluation with LTE assumptions

In this section, the system performance with the LTE test scenario Case 3 is presented. The number of UEs in a sector is 10. 
In Table 3, the sector throughput and the 5% CDF user throughput results are summarized for different BAR values. 
Fairness curve for each case is shown in Figure 3. It is observed that non-negligible number of UEs achieve very low throughput even though PF scheduling is performed. This is because in Case 3, cell edge UEs would frequently experience quite low power headroom so that only the lowest MCS level can be supported especially due to the large penetration loss of 20 dB. 
	BAR
[MHz]
	Sector throughput

[b/s/Hz]
	5% CDF user throughput
	IoT [dB]

	10
	0.46 
	0.0006 
	3.93 

	5
	0.52 
	0.0009 
	4.80 

	2.5
	0.62 
	0.0012 
	6.44 

	1.25
	0.66 
	0.0013 
	7.02 


Table 3. System performance with different BAR values
[image: image3.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.5 1 1.5 2 2.5

normalized user throughput

CDF

BAR=10MHz

BAR=5MHz

BAR=2.5MHz

BAR=1.25MHz

fairness criteria


Figure 3. Fairness curve

4 Conclusion

In this contribution, we evaluated the system level performance of the LTE uplink based on the baseline structure and features. From the results in section 3, we can conclude that the LTE uplink meets the requirement for the sector throughput and 5% CDF user throughput. 
To capture the evaluation results of this contribution into TR 25.814, we propose to agree on the text proposal contained in [4]
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Annex A. Alignment to recommendations in R1-061107  

	Topic
	Recommendations in tdoc R1-061107
	Status in simulation

	Basic transmission scheme
	Parameters in table 9.1.1-1
	Yes 

	TTI length
	0.5 ms
	Yes

	Basic modulation
	QPSK and 16QAM as baseline

	Yes

	Resource block definition
	Localized blocks is baseline for shared data channel.
	Yes 

	Data multiplexing
	Data transmissions: LFDM (baseline) 
Control transmissions: LFDM or IFDM
Shared data channel and other control (CQI, ACK/NACK etc) for the same UE in a TTI are sent in separate blocks
	Only LFDMA is assumed for data transmission.

	Reference signal structure
	Account for overhead for system level simulations.
Assume FDM for data demodulation in link-level simulations
	2 short blocks for data demodulation pilot and 1 long block for channel quality estimation pilot and control signaling.
 

	Data channel coding
	Release 6 turbo coding 
	Yes

	MIMO and transmit diversity
	Reference antenna configuration: (1x2) 
Channel estimation - should be modelled or at least calculations showing the impact presented
	Yes : (1x2)


	Power de-rating
	Not considered in baseline but should be considered in relation to (/2 BPSK and coverage of control signalling
	NA

	RACH
	LTE random access should be separately evaluated. Estimated overhead must be included in final performance estimates.
	NA (Note that no RACH overhead is assumed for the WCDMA baseline.)

	Scheduling
	Only scheduled data modelled PF in time and frequency domain
For calibration purposes:  RR in time domain
Assumptions on feedback overhead should be described
MCS table and details on link-to-system interface including link-level curves should be presented
	PF implemented

ESM  is used for link-to-system interface as presented in R1-051352
MCS table is in annex C. 

	Link adaptation
	Base-station (scheduler) controls  resources, modulation and coding, and UE obeys
Slow closed loop power control included, updated at most every 10ms
	Slow closed loop power control with 10ms period was implemented.

	H-ARQ
	Synchronous/non-adaptive (baseline)
	Yes

# of HARQ channels = 6 
maximum number of maximum transmissions = 8.

	Power Control
	See link adaptation
	

	Inter-cell interference randomisation
	Scrambling implicitly included (no impact on system simulations)  
IDMA not considered in baseline
Frequency hopping on a TTI basis may be additionally considered in the scheduler implementation
	No specific technique implemented

	Inter-cell interference co-ordination
	No schemes involving additional L1 signalling to CQI or L2 signalling than that related to cell-switching to be considered for baseline evaluation.

Baseline: Static
Inter-node B communication (if any) should be described
	No

	Inter-node B synchronisation
	FDD: unsynchronised (i.e. not relying on methods exploiting synchronisation)
TDD: synchronised
	No specific methods exploiting synchronization

	Control signalling
	Overhead must be described and accounted for assuming at least 95% area coverage reliability.
	Uplink control signaling & reference signal overhead is assumed as 1 long block plus 2 short blocks (i.e. 2/7 = 28.6%)


Annex B. simulation parameters
	Parameter
	Assumption

	Bandwidth
	10 MHz

	TTI length
	0.5 msec

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter- site distance
	Depending on test case

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	UE transmission power
	24 dBm (251 mW)

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	6-path GSM Typical Urban

	UE speed
	3 km/h (fD = 5.55 Hz)

	Number of receiver antennas
	2

	Multipath interference
	Ideal suppression

	Traffic model
	Full buffer model


Table B1.  Basic simulation parameters
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	3
	2.0
	1732
	10
	20
	3


Table B2.  Simulation test case set
	Modulation
	Code Rate
	Repetition Factor
	Data rate[kbps]

	QPSK
	1/3
	256
	8

	
	1/3
	128
	16

	
	1/3
	64
	32

	
	1/3
	32
	62.5

	
	1/3
	16
	125

	
	1/3
	8
	250

	
	1/3
	4
	500

	
	1/3
	2
	1000

	
	1/3
	1
	2000

	
	1/2
	1
	3000

	
	2/3
	1
	4000

	
	3/4
	1
	4500

	
	4/5
	1
	4800

	16 QAM
	1/3
	1
	4000

	
	1/2
	1
	6000

	
	2/3
	1
	8000

	
	3/4
	1
	9000

	
	4/5
	1
	9600


Table B3. Modulation and coding scheme
Annex C. Proportional fair scheduler mechanism 
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