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1
Introduction
In RAN2#90, RAN2 evaluated the gains provided by shortened TTI [1, 2, 3] in the context of the Study Item “Study on Latency reduction techniques for LTE”, and several evaluation results were captured into TR 36.881. The evaluation results show that in addition to the latency reduction gain, the shortened TTI (i.e. 0.5ms) can also achieve UPT (User Perceived Throughput) gain for FTP download and capacity gain for small packet data.
In this contribution, we will evaluate the gain provided by the shortened TTI of one OFDM symbol. 
2
Discussion
2.1
Simulation assumptions
If the TTI length is decreased into symbol level, i.e. one OFDM symbol, physical layer of the current LTE system will be significantly impacted, as all of the control channels, data channels and the associated reference signals have to be accommodated within one single symbol. More specially, carefully investigations and evaluations need be performed on the following physical layer aspects:

· New (e)PDCCH design to coexist with the associated PDSCH in one symbol;
· Reference signals overhead to support multiple layers transmission and better channel estimation;
· Single carrier character restriction for PUCCH/ PUSCH design;
· UL coverage issue for PDCCH and PUSCH transmission.
Given that all of the above physical layer aspects are yet to be investigated by RAN1 and at the moment we don’t have a clear picture, as agreed by RAN2#90, when evaluating the gains provided by one symbol length TTI, we could consider various loss in L1 data rate due to the additional overhead caused by reduced TTI length.
In Annex A.4, we provide the estimated L1 data rate loss for one symbol length TTI. Table A.4-1 assumes that the DL channel estimation is based on CRS, and Table A.4-2 assumes that the DL channel estimation is based on DM-RS. From Table A.4-1 and Table A.4-2, we can see that the loss in L1 data rate is vary from -1.21% to 30.48%, hence we will use the L1 data rate loss of 0%, 5%, 10%, 20% and 30% respectively in the system simulation.
The simulation assumptions on radio aspects, TCP parameters and FTP traffic model are the same as that provided in [3], which are also listed here in Annex A.1, A.2 and A.3 for convenience. 
This simulation will not consider the increased transmission efficiency in high-speed scenarios due to the fast channel sensing (i.e. fast CSI report caused by shortened TTI). 

2.2
Simulation results
2.2.1
UPT gain for 0.5Mbytes file size
Figure 1 illustrates the average UPT gain provided by one symbol length TTI for different L1 data rate loss, when the FTP file size is 0.5Mbytes.
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Figure 1: Average UPT gain provided by one symbol length TTI, for different L1 data rate loss
From Figure 1, it could be observed that one symbol length TTI can bring significant UPT gain, and more specially:
· The UPT gain gradually decreases when the loss in L1 data rate increases, as the available PDSCH capacity for data transmission is decreased. Nevertheless, even when the loss in L1 data rate reaches 30%, the UPT gain is still considerable, e.g. beyond 20%.
· The UPT gain gradually decreases when the system load increases (i.e. when there are more UEs in the cell), this is because the UPT gain provided by shortened TCP layer RTT will be compromised by the decreased transmission/reception data rate of the UE. It could be imagine that, if the system is heavy loaded or if all radio resources are exhausted, one symbol length TTI will only bring marginal UPT gain even negative UPT gain.
Figure 2 illustrates the 5% UPT gain provided by one symbol length TTI for different L1 data rate loss, when the FTP file size is 0.5Mbytes.
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Figure 2: 5% UPT gain provided by one symbol length TTI, for different L1 data rate loss
From Figure 2, it could be observed that the 5% UPT gain provided by one symbol length TTI is negative, even if we don’t consider any L1 data rate loss (i.e. 0% loss) in the simulation. This is because for 5% of the UEs, only a few bytes could be accommodated in each TTI given that the TTI is only one symbol length and the UE is in poor channel condition. Small TB size in each TTI will cause more segments for packet delivery, and consequently will bring significant MAC and RLC overhead. In addition, the 5% of UEs might suffer from power limitation which may prevent timely report of the TCP ACK, and this will enlarge the TCP layer RTT hence further decrease the UE throughput. For the L1 data rate loss of 30%, the negative UPT gain for 5% of the UEs is significant, i.e. beyond 40%.
Observation 1: One symbol length TTI can bring significant UPT gain in average, even if the loss in L1 data rate reaches 30%. 
Observation 2: If the system is high loaded, or if the UE is in cell edge, one symbol length TTI may bring negative UPT gain.
2.2.2
UPT gain for different file sizes
Figure 3 illustrates the average UPT gain provided by one symbol length TTI for different FTP file sizes, assuming the L1 data rate loss is 0% and the number of UEs per cell is one.
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Figure 3: UPT gain provided by one symbol length TTI, for different file sizes
From Figure 3, it could be observed that the average UPT gain provided by one symbol length TTI decreases as the FTP file size increases. This is because the accelerated TCP slow start phase by shortened TTI is the major contributor for the UPT gain, and for small FTP file the TCP show start phase takes a big percentage of the total FTP download time while this not the case for large FTP file. Nevertheless, the average UPT gain is still considerable when the FTP file size arrives at 8Mbytes, which is about 25%. This is because the UPT will still benefit from the shortened TCP layer RTT caused by one symbol length TTI, unless the system is high loaded.
Observation 3: One symbol length TTI can also bring significant UPT gain in average for large file size.
4
Conclusion
In this contribution, we evaluated the UPT gain provided by one symbol length TTI by system simulation, and we have the following observations:

Observation 1: One symbol length TTI can bring significant UPT gain in average, even if the loss in L1 data rate reaches 30%. 
Observation 2: If the system is high loaded, or if the UE is in cell edge, one symbol length TTI may bring negative UPT gain.
Observation 3: One symbol length TTI can also bring significant UPT gain in average for large file size.

And we kindly propose that:

Proposal: Capture the evaluation results in this contribution into TR 36.881.
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Annex 
A.1
Simulation assumptions on radio aspects

Table A.1-1:  Simulation assumptions on radio aspects
	Parameter
	Assumption

	Simulation time
	51s(Ftp1), 100s(HTTP)

	System bandwidth
	20 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 3 cells per site, with wrap-around

	Number of UEs
	1, 5, 10, 20 per cell

	Inter-site distance
	500m

	UE speed
	3Km/h

	Antenna configuration
	2 tx , 4 rx (CELL) ; 1 tx, 2 rx (UE)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image6.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

V

SLA

A

,

12

min

2

3

q

q

q

q



[image: image7.wmf]dB

3

q

 = 10,  SLAv = 20 dB

The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm – 20MHz carrier

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Channel model
	Large Fading channel model

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Lognormal shadowing model
	Reference to B1.4.1.4 in UMTS TR30.03

	Lognormal shadowing standard deviation
	8dB

	Correlation distance of shadowing
	50 ms

	Shadowing correlation
	Between sites
	0.5
1

	
	Between cells
	

	Penetration loss
	20dB

	CQI measurement period
	5 ms

	SRS reporting period
	5 ms

	Number of RLC ARQ max transmission
	16

	Number of MAC HARQ max transmission
	3

	TP layer
	TCP

	CN Delay
	1ms 

	BSR Period
	5ms

	SR Period 
	1ms


A.2
TCP parameters

Table A.2-1: TCP parameters
	Parameter
	Assumption

	TCP ACK Delay
	0ms

	Initial TCP Window
	1460 Bytes

	Initial Ssthresh
	65535Bytes

	Ssthresh
	65536 Bytes

	TCP Connection Number
	1(FTP1), 5(HTTP)


A.3
FTP traffic model

Table A.3-1: FTP traffic model
	Parameter
	Assumption

	FTP Model
	Model 1

	Packet Size
	0.5Mbytes

	User arrival rate λ
	Poisson distributed with arrival rate λ, λ = 0.2


A.4
Assumptions on L1 data rate loss
For one symbol length TTI, we assume the new PDCCH is used for data scheduling. Although the legacy PDCCH is not needed anymore, we keep one symbol length legacy PDCCH region for CSS.

As we evaluated in system simulation for 3GPP Case 1, the average PDCCH Aggregation Level is 1.42. Therefore, we assume that the average PDCCH payload for each UE is 52 REs.
Table A.4-1: L1 overhead analysis (CRS based DL channel estimation)
	TTI length
	1ms
	1 symbol

	Legacy UEs scheduled per ms
	20
	0

	New UEs scheduled per ms
	0
	20

	CRS ports
	2

	DMRS ports
	0

	System Bandwidth (MHz)
	20

	Average PDCCH payload for each UE (RE)
	52

	CRS overhead in non-PDCCH region (RE/PRB/ms)
	12

	RE for legacy PDCCH 
	1040
	0

	Legacy PDCCH overhead/ms (RE)
	2400 (2 symbols)
	1200 (1 symbol)

	New PDCCH overhead/ms (RE)
	0
	1040

	Total PDCCH overhead/ms (RE)
	2400
	2240

	CRS overhead/ms (RE)
	1200
	1200

	Total overhead/ms
	3600
	3440

	Overhead ratio
	21.43%
	20.48%

	 Available capacity
	100%
	101.21%


Table A.4-2: L1 overhead analysis (DM-RS based DL channel estimation)
	TTI length
	1ms
	1 symbol

	Legacy UEs scheduled per ms
	20
	0

	New UEs scheduled per short TTI
	0
	20

	CRS ports
	1

	DMRS ports
	2

	System Bandwidth (MHz)
	20

	Average PDCCH payload for each UE (RE)
	52

	CRS overhead in non-PDCCH region (RE/PRB/ms)
	6

	DMRS (RE/PRB/short TTI)
	12
	4

	RE for legacy PDCCH
	1040
	0

	Legacy PDCCH overhead/ms (RE)
	2400 (2 symbols)
	1200 (1 symbol)

	New PDCCH overhead/ms (RE)
	0
	1040

	Total PDCCH overhead/ms (RE)
	2400
	2240

	CRS overhead/ms (RE)
	600
	600

	DMRS overhead/ms (RE)
	1200
	5200

	Total overhead/ms
	4200
	8040

	Overhead ratio
	25.00%
	47.86%

	Available capacity
	100%
	69.52%
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				1ms14TTI		3.591		3.369		3.194		2.575		0.334		0.234		0.555		0.396		5.747		5.495		5.319		5

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.3		1.16		1.11		0.9		0.04		0.03		0.29		0.15		1.41		1.25		1.19		1.17

				5% Loss in L1		1.33		1.22		1.16		1		-0.63		-0.71		-0.26		-0.17		1.38		1.3		1.26		1.3

		0.23		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.353		3.181		2.988		2.327		1.01		0.868		0.876		0.503		5.319		5.105		4.95		4.487

				1ms14TTI		3.409		3.207		3.021		2.349		0.355		0.177		0.553		0.333		5.376		5.208		5.102		4.762

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.17		1.09		1.02		0.81		0.13		0.08		0.17		0.05		1.2		1.13		1.1		1.11

				10% Loss in L1		1.21		1.11		1.04		0.82		-0.6		-0.78		-0.26		-0.31		1.23		1.18		1.16		1.19

		0.31		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.028		2.853		2.657		1.933		0.967		0.813		0.785		0.393		4.808		4.587		4.464		4.098

				1ms14TTI		3.134		2.881		2.69		1.981		0.936		0.417		0.5		0.233		4.902		4.673		4.63		4.274

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.96		0.88		0.79		0.5		0.08		0.01		0.05		-0.18		0.99		0.92		0.89		0.89

				20% Loss in L1		1.03		0.9		0.82		0.54		0.05		-0.48		-0.33		-0.51		1.03		0.95		0.96		0.97

		0.40		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		2.741		2.498		2.287		1.545		0.916		0.609		0.621		0.248		4.237		4.065		3.731		3.597

				1ms14TTI		2.769		2.557		2.31		1.586		0.337		0.37		0.431		0.152		4.348		4.202		4.065		3.731

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.78		0.64		0.54		0.2		0.02		-0.24		-0.17		-0.48		0.75		0.7		0.67		0.65

				30% Loss in L1		0.8		0.68		0.56		0.23		-0.62		-0.54		-0.43		-0.68		0.8		0.76		0.72		0.72



0% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.34	1.29	1.1100000000000001	5% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.33	1.22	1.1599999999999999	1	10% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.21	1.1100000000000001	1.04	0.82	20% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.03	0.9	0.82	0.54	30% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.68	0.56000000000000005	0.23	Gain



Sheet3

				10 UEs		20 UEs

		0% Loss in L1		-0.21		-0.16

		5% Loss in L1		-0.26		-0.17

		10% Loss in L1		-0.26		-0.31

		20% Loss in L1		-0.33		-0.51

		30% Loss in L1		-0.43		-0.68



0% Loss in L1	10 UEs	20 UEs	-0.21	-0.16	5% Loss in L1	10 UEs	20 UEs	-0.26	-0.17	10% Loss in L1	10 UEs	20 UEs	-0.26	-0.31	20% Loss in L1	10 UEs	20 UEs	-0.33	-0.51	30% Loss in L1	10 UEs	20 UEs	-0.43	-0.68	Gain




Chart1



Gain	100K	200K	500K	1M	8M	1.81	1.65	1.38	1.25	1.25	File Size

UPT Gain 



newUPT

		PDCCH开销				average								0.05								0.95

		0.14				1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs

				1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.416		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.887		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.581		3.446		3.282		2.624		1.323		0.873		1.016		0.595		5.814		5.556		5.319		4.95

				1ms14TTI		3.674		3.553		3.389		2.726		0.675		0.313		0.59		0.401		5.882		5.682		5.618		5.263

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.32		1.27		1.22		1.04		0.48		0.09		0.35		0.24		1.41		1.32		1.26		1.28

				PDCCH overhead=1/7		1.38		1.34		1.29		1.11		-0.24		-0.61		-0.21		-0.16		1.44		1.38		1.38		1.42

		0.30		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.416		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.887		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.095		2.891		2.679		2.027		0.969		0.77		0.765		0.434		5.051		4.673		4.545		4.202

				1ms14TTI		3.152		2.977		2.749		2.05		0.308		0.441		0.512		0.268		4.95		4.808		4.673		4.348

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.01		0.9		0.81		0.57		0.08		-0.04		0.02		-0.1		1.09		0.95		0.93		0.93

				PDCCH overhead=0.3		1.04		0.96		0.86		0.59		-0.66		-0.45		-0.32		-0.44		1.05		1.01		0.98		1

		0.40		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.416		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.887		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		2.741		2.498		2.287		1.545		0.916		0.609		0.621		0.248		4.237		4.065		3.937		3.597

				1ms14TTI		2.768		2.557		2.31		1.586		0.337		0.37		0.431		0.152		4.348		4.202		4.065		3.731

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.78		0.64		0.54		0.2		0.02		-0.24		-0.17		-0.48		0.75		0.7		0.67		0.65

				PDCCH overhead=0.4		0.8		0.68		0.56		0.23		-0.62		-0.54		-0.43		-0.68		0.8		0.76		0.72		0.72

		0.20		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.887		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.478		3.242		3.075		2.432		0.982		0.824		0.962		0.537		5.618		5.319		5.051		4.717

				1ms14TTI		3.516		3.323		3.126		2.488		0.339		0.346		0.539		0.359		5.618		5.319		5.263		4.95

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.25		1.13		1.08		0.89		0.1		0.03		0.28		0.12		1.33		1.22		1.14		1.17

				PDCCH overhead=0.2		1.28		1.19		1.11		0.93		-0.62		-0.57		-0.28		-0.25		1.33		1.22		1.23		1.28



Average UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.34	1.29	1.1100000000000001	PDCCH overhead=0.2	1 UE	5 UEs	10 UEs	20 UEs	1.28	1.19	1.1100000000000001	0.93	PDCCH overhead=0.3	1 UE	5 UEs	10 UEs	20 UEs	1.04	0.96	0.86	0.59	PDCCH overhead=0.4	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.68	0.56000000000000005	0.23	UE numbers

Gain

5% UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	-0.24	-0.61	-0.21	-0.16	PDCCH overhead=0.2	1 UE	5 UEs	10 UEs	20 UEs	-0.62	-0.56999999999999995	-0.28000000000000003	-0.25	PDCCH overhead=0.3	1 UE	5 UEs	10 UEs	20 UEs	-0.66	-0.45	-0.32	-0.44	PDCCH overhead=0.4	1 UE	5 UEs	10 UEs	20 UEs	-0.62	-0.54	-0.43	-0.68	UE Numbers

Gain

95% UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	1.44	1.38	1.38	1.42	PDCCH overhead=0.2	1 UE	5 UEs	10 UEs	20 UEs	1.33	1.22	1.23	1.28	PDCCH overhead=0.3	1 UE	5 UEs	10 UEs	20 UEs	1.05	1.01	0.98	1	PDCCH overhead=0.4	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.76	0.72	0.72	UE Numbers

Gain



differentPDCCH

		PDCCH开销				average								0.05								0.95

		0.14				1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs

				1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.416		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.887		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.581		3.446		3.282		2.624		1.323		0.873		1.016		0.595		5.814		5.556		5.319		4.95

				1ms14TTI		3.674		3.553		3.389		2.726		0.675		0.313		0.59		0.401		5.882		5.682		5.618		5.263

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.32		1.27		1.22		1.04		0.48		0.09		0.35		0.24		1.41		1.32		1.26		1.28

				PDCCH overhead=1/7		1.38		1.34		1.29		1.11		-0.24		-0.61		-0.21		-0.16		1.44		1.38		1.38		1.42

		0.19		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.547		3.28		3.124		2.456		0.933		0.829		0.965		0.553		5.814		5.376		5.155		4.717

				1ms14TTI		3.591		3.369		3.194		2.575		0.334		0.234		0.555		0.396		5.747		5.495		5.319		5

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.3		1.16		1.11		0.9		0.04		0.03		0.29		0.15		1.41		1.25		1.19		1.17

				PDCCH overhead=1-6/7*95%		1.33		1.22		1.16		1		-0.63		-0.71		-0.26		-0.17		1.38		1.3		1.26		1.3

		0.23		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.353		3.181		2.988		2.327		1.01		0.868		0.876		0.503		5.319		5.105		4.95		4.487

				1ms14TTI		3.409		3.207		3.021		2.349		0.355		0.177		0.553		0.333		5.376		5.208		5.102		4.762

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.17		1.09		1.02		0.81		0.13		0.08		0.17		0.05		1.2		1.13		1.1		1.11

				PDCCH overhead=1-6/7*90%		1.21		1.11		1.04		0.82		-0.6		-0.78		-0.26		-0.31		1.23		1.18		1.16		1.19

		0.31		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.028		2.853		2.657		1.933		0.967		0.813		0.785		0.393		4.808		4.587		4.464		4.098

				1ms14TTI		3.134		2.881		2.69		1.981		0.936		0.417		0.5		0.233		4.902		4.673		4.63		4.274

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.96		0.88		0.79		0.5		0.08		0.01		0.05		-0.18		0.99		0.92		0.89		0.89

				PDCCH overhead=1-6/7*80%		1.03		0.9		0.82		0.54		0.05		-0.48		-0.33		-0.51		1.03		0.95		0.96		0.97

		0.40		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		2.741		2.498		2.287		1.545		0.916		0.609		0.621		0.248		4.237		4.065		3.731		3.597

				1ms14TTI		2.769		2.557		2.31		1.586		0.337		0.37		0.431		0.152		4.348		4.202		4.065		3.731

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.78		0.64		0.54		0.2		0.02		-0.24		-0.17		-0.48		0.75		0.7		0.67		0.65

				PDCCH overhead=1-6/7*70%		0.8		0.68		0.56		0.23		-0.62		-0.54		-0.43		-0.68		0.8		0.76		0.72		0.72



Average UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.34	1.29	1.1100000000000001	PDCCH overhead=1-6/7*95%	1 UE	5 UEs	10 UEs	20 UEs	1.33	1.22	1.1599999999999999	1	PDCCH overhead=1-6/7*90%	1 UE	5 UEs	10 UEs	20 UEs	1.21	1.1100000000000001	1.04	0.82	PDCCH overhead=1-6/7*80%	1 UE	5 UEs	10 UEs	20 UEs	1.03	0.9	0.82	0.54	PDCCH overhead=1-6/7*70%	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.68	0.56000000000000005	0.23	UE numbers

Gain

5% UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	-0.24	-0.61	-0.21	-0.16	PDCCH overhead=1-6/7*95%	1 UE	5 UEs	10 UEs	20 UEs	-0.63	-0.71	-0.26	-0.17	PDCCH overhead=1-6/7*90%	1 UE	5 UEs	10 UEs	20 UEs	-0.6	-0.78	-0.26	-0.31	PDCCH overhead=1-6/7*80%	1 UE	5 UEs	10 UEs	20 UEs	0.05	-0.48	-0.33	-0.51	PDCCH overhead=1-6/7*70%	1 UE	5 UEs	10 UEs	20 UEs	-0.62	-0.54	-0.43	-0.68	UE Numbers

Gain

95% UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	1.44	1.38	1.38	1.42	PDCCH overhead=1-6/7*95%	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.3	1.26	1.3	PDCCH overhead=1-6/7*90%	1 UE	5 UEs	10 UEs	20 UEs	1.23	1.18	1.1599999999999999	1.19	PDCCH overhead=1-6/7*80%	1 UE	5 UEs	10 UEs	20 UEs	1.03	0.95	0.96	0.97	PDCCH overhead=1-6/7*70%	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.76	0.72	0.72	UE Numbers

Gain
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						100K		200K		500K		1M		8M

		UPT(MBytes/s)		1ms1TTI		0.931		1.209		1.542		1.733

				1ms2TTI		1.443		1.853		2.427		2.631

				1ms7TTI		2.455		2.962		3.581		3.853

				1ms14TTI		2.62		3.205		3.674		3.892

				Gain1		0.55		0.53		0.57		0.52

				Gain2		1.64		1.45		1.32		1.22

				Gain		1.81		1.65		1.38		1.25		1.25
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0% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.34	1.29	1.1100000000000001	5% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.33	1.22	1.1599999999999999	1	10% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.21	1.1100000000000001	1.04	0.82	20% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.03	0.9	0.82	0.54	30% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.68	0.56000000000000005	0.23	Gain



Sheet1

		PDCCH开销				average								0.05								0.95

		0.14				1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs

				1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.416		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.887		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.581		3.446		3.282		2.624		1.323		0.873		1.016		0.595		5.814		5.556		5.319		4.95

				1ms14TTI		3.674		3.553		3.389		2.726		0.675		0.313		0.59		0.401		5.882		5.682		5.618		5.263

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.32		1.27		1.22		1.04		0.48		0.09		0.35		0.24		1.41		1.32		1.26		1.28

				PDCCH overhead=1/7		1.38		1.34		1.29		1.11		-0.24		-0.61		-0.21		-0.16		1.44		1.38		1.38		1.42

		0.19		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.547		3.28		3.124		2.456		0.933		0.829		0.965		0.553		5.814		5.376		5.155		4.717

				1ms14TTI		3.591		3.369		3.194		2.575		0.334		0.234		0.555		0.396		5.747		5.495		5.319		5

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.3		1.16		1.11		0.9		0.04		0.03		0.29		0.15		1.41		1.25		1.19		1.17

				PDCCH overhead=1-6/7*95%		1.33		1.22		1.16		1		-0.63		-0.71		-0.26		-0.17		1.38		1.3		1.26		1.3

		0.23		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.353		3.181		2.988		2.327		1.01		0.868		0.876		0.503		5.319		5.105		4.95		4.487

				1ms14TTI		3.409		3.207		3.021		2.349		0.355		0.177		0.553		0.333		5.376		5.208		5.102		4.762

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.17		1.09		1.02		0.81		0.13		0.08		0.17		0.05		1.2		1.13		1.1		1.11

				PDCCH overhead=1-6/7*90%		1.21		1.11		1.04		0.82		-0.6		-0.78		-0.26		-0.31		1.23		1.18		1.16		1.19

		0.31		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.028		2.853		2.657		1.933		0.967		0.813		0.785		0.393		4.808		4.587		4.464		4.098

				1ms14TTI		3.134		2.881		2.69		1.981		0.936		0.417		0.5		0.233		4.902		4.673		4.63		4.274

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.96		0.88		0.79		0.5		0.08		0.01		0.05		-0.18		0.99		0.92		0.89		0.89

				PDCCH overhead=1-6/7*80%		1.03		0.9		0.82		0.54		0.05		-0.48		-0.33		-0.51		1.03		0.95		0.96		0.97

		0.40		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		2.741		2.498		2.287		1.545		0.916		0.609		0.621		0.248		4.237		4.065		3.731		3.597

				1ms14TTI		2.769		2.557		2.31		1.586		0.337		0.37		0.431		0.152		4.348		4.202		4.065		3.731

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.78		0.64		0.54		0.2		0.02		-0.24		-0.17		-0.48		0.75		0.7		0.67		0.65

				PDCCH overhead=1-6/7*70%		0.8		0.68		0.56		0.23		-0.62		-0.54		-0.43		-0.68		0.8		0.76		0.72		0.72



Average UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.34	1.29	1.1100000000000001	PDCCH overhead=1-6/7*95%	1 UE	5 UEs	10 UEs	20 UEs	1.33	1.22	1.1599999999999999	1	PDCCH overhead=1-6/7*90%	1 UE	5 UEs	10 UEs	20 UEs	1.21	1.1100000000000001	1.04	0.82	PDCCH overhead=1-6/7*80%	1 UE	5 UEs	10 UEs	20 UEs	1.03	0.9	0.82	0.54	PDCCH overhead=1-6/7*70%	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.68	0.56000000000000005	0.23	UE numbers

Gain

5% UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	-0.24	-0.61	-0.21	-0.16	PDCCH overhead=1-6/7*95%	1 UE	5 UEs	10 UEs	20 UEs	-0.63	-0.71	-0.26	-0.17	PDCCH overhead=1-6/7*90%	1 UE	5 UEs	10 UEs	20 UEs	-0.6	-0.78	-0.26	-0.31	PDCCH overhead=1-6/7*80%	1 UE	5 UEs	10 UEs	20 UEs	0.05	-0.48	-0.33	-0.51	PDCCH overhead=1-6/7*70%	1 UE	5 UEs	10 UEs	20 UEs	-0.62	-0.54	-0.43	-0.68	UE Numbers

Gain

95% UPT

PDCCH overhead=1/7	1 UE	5 UEs	10 UEs	20 UEs	1.44	1.38	1.38	1.42	PDCCH overhead=1-6/7*95%	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.3	1.26	1.3	PDCCH overhead=1-6/7*90%	1 UE	5 UEs	10 UEs	20 UEs	1.23	1.18	1.1599999999999999	1.19	PDCCH overhead=1-6/7*80%	1 UE	5 UEs	10 UEs	20 UEs	1.03	0.95	0.96	0.97	PDCCH overhead=1-6/7*70%	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.76	0.72	0.72	UE Numbers

Gain



Sheet2

		PDCCH开销				average								0.05								0.95

		0.14				1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs		1 UE		5 UEs		10 UEs		20 UEs

				1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.416		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.887		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.581		3.446		3.282		2.624		1.323		0.873		1.016		0.595		5.814		5.556		5.319		4.95

				1ms14TTI		3.674		3.553		3.389		2.726		0.675		0.313		0.59		0.401		5.882		5.682		5.618		5.263

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.32		1.27		1.22		1.04		0.48		0.09		0.35		0.24		1.41		1.32		1.26		1.28

				0% Loss in L1		1.38		1.34		1.29		1.11		-0.24		-0.61		-0.21		-0.16		1.44		1.38		1.38		1.42

		0.19		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.547		3.28		3.124		2.456		0.933		0.829		0.965		0.553		5.814		5.376		5.155		4.717

				1ms14TTI		3.591		3.369		3.194		2.575		0.334		0.234		0.555		0.396		5.747		5.495		5.319		5

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.3		1.16		1.11		0.9		0.04		0.03		0.29		0.15		1.41		1.25		1.19		1.17

				5% Loss in L1		1.33		1.22		1.16		1		-0.63		-0.71		-0.26		-0.17		1.38		1.3		1.26		1.3

		0.23		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.353		3.181		2.988		2.327		1.01		0.868		0.876		0.503		5.319		5.105		4.95		4.487

				1ms14TTI		3.409		3.207		3.021		2.349		0.355		0.177		0.553		0.333		5.376		5.208		5.102		4.762

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		1.17		1.09		1.02		0.81		0.13		0.08		0.17		0.05		1.2		1.13		1.1		1.11

				10% Loss in L1		1.21		1.11		1.04		0.82		-0.6		-0.78		-0.26		-0.31		1.23		1.18		1.16		1.19

		0.31		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		3.028		2.853		2.657		1.933		0.967		0.813		0.785		0.393		4.808		4.587		4.464		4.098

				1ms14TTI		3.134		2.881		2.69		1.981		0.936		0.417		0.5		0.233		4.902		4.673		4.63		4.274

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.96		0.88		0.79		0.5		0.08		0.01		0.05		-0.18		0.99		0.92		0.89		0.89

				20% Loss in L1		1.03		0.9		0.82		0.54		0.05		-0.48		-0.33		-0.51		1.03		0.95		0.96		0.97

		0.40		1ms1TTI		1.542		1.52		1.481		1.289		0.894		0.803		0.75		0.48		2.415		2.392		2.358		2.174

				1ms2TTI		2.427		2.338		2.25		1.877		1.099		0.926		0.943		0.582		4		3.846		3.731		3.268

				1ms7TTI		2.741		2.498		2.287		1.545		0.916		0.609		0.621		0.248		4.237		4.065		3.731		3.597

				1ms14TTI		2.769		2.557		2.31		1.586		0.337		0.37		0.431		0.152		4.348		4.202		4.065		3.731

				Gain1		0.57		0.54		0.52		0.46		0.23		0.15		0.26		0.21		0.66		0.61		0.58		0.5

				Gain2		0.78		0.64		0.54		0.2		0.02		-0.24		-0.17		-0.48		0.75		0.7		0.67		0.65

				30% Loss in L1		0.8		0.68		0.56		0.23		-0.62		-0.54		-0.43		-0.68		0.8		0.76		0.72		0.72



0% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.38	1.34	1.29	1.1100000000000001	5% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.33	1.22	1.1599999999999999	1	10% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.21	1.1100000000000001	1.04	0.82	20% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	1.03	0.9	0.82	0.54	30% Loss in L1	1 UE	5 UEs	10 UEs	20 UEs	0.8	0.68	0.56000000000000005	0.23	Gain



Sheet3

				10 UEs		20 UEs

		0% Loss in L1		-0.21		-0.16

		5% Loss in L1		-0.26		-0.17

		10% Loss in L1		-0.26		-0.31

		20% Loss in L1		-0.33		-0.51

		30% Loss in L1		-0.43		-0.68



0% Loss in L1	10 UEs	20 UEs	-0.21	-0.16	5% Loss in L1	10 UEs	20 UEs	-0.26	-0.17	10% Loss in L1	10 UEs	20 UEs	-0.26	-0.31	20% Loss in L1	10 UEs	20 UEs	-0.33	-0.51	30% Loss in L1	10 UEs	20 UEs	-0.43	-0.68	Gain
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