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1. Introduction

In RAN#51 a new LTE Rel-11 SI “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [1] was approved. Following the SI description it was decided by RAN1 group to start analysis of traffic adaptation in isolated cell scenario while RAN4 performs coexistence study by means of interference analysis of multi-cell scenarios.
The main assumptions and parameters for evaluation of traffic adaptation benefits in isolated cell scenario were discussed over the RAN1 e-mail reflector and summarized in LTE eIMTA SI evaluation methodology [2]. In this contribution we provide the summary of system level evaluation and show benefits of traffic adaptation in isolated Pico cell scenario defined in [2].
2. Propagation Conditions in Isolated Pico Cell Scenario
The data transmission in isolated cell scenario is characterized by high link budget values. In the absence of inter-cell interference high SNR values are achieved in both DL and UL transmission directions. As a result of link adaptation in isolated Pico cell the maximum MCS indexes are selected for data transmission. It means that with high probability UEs have the highest possible spectral efficiency in both directions (DL/UL) and have similar characteristics in terms of throughput. Note that UE throughput capabilities do not vary in time since the small scale fading modeling was omitted in the agreed simulation assumptions.

Observation 1: The propagation conditions in isolated Pico cell scenario are characterized by high DL and UL SNRs. In terms of throughput all UEs have identical capabilities and can transmit at maximum data rate.
Observation 2: In the absence of inter-cell interference only traffic adaptation gains can be evaluated and no interference management is needed. The benefits of traffic adaptation in isolated cell should be further refined for more practical multi-cell scenarios once their feasibility study is concluded by RAN4.
3. Simulation Assumptions for Isolated Pico Cell
Simulation assumptions for isolated Pico Cell scenario were summarized in [2]. Several UL-DL configurations (#0, 1, 2) were defined and selected as references for the analysis. The benefits of traffic adaptation techniques with different reconfiguration time scales (10 ms and 640 ms) are assumed to be compared with the performance of reference TDD configurations. In order to introduce DL and UL traffic asymmetry the FTP traffic model with different packet arrival rates in DL and UL was defined. It was also agreed by RAN1 to check performance for different FTP file sizes and traffic adaptation time scales. The summary of reference TDD configurations proposed for analysis is provided in Table 1.
Table 1. Main parameters for traffic adaptation in isolated cell scenario
	File Size, [MBytes]
	FTP packet mean arrival rate in DL, [1/s]
	Reference UL-DL Config.
	Adaptation time scale, [ms]
	DL/UL ratio of FTP packet arrival rate

	0.5
	[0.25, 0.5, 1, 1.5, 2, 2.5, 5, 7.5]
	0 (4:6)
1 (6:4)

2 (8:2)
	10,
640
	TDD#0: {1/2}
TDD#1: {1/1,  1/0.5}
TDD#2: {1/0.5, 1/0.25}

	2.0
	[0.06, 0.12, 0.25, 0.37, 0.5, 0.625, 1.25, 1.875]
	
	
	


The packet throughput metric was selected for performance analysis in this document. In [2] it was also proposed to use CDF of the UE average packet throughput. However the original FTP model 1 assumes that each FTP packet corresponds to a new user thus no averaging should be applied. Even if FTP packets are randomly generated and assigned to different users the CDF of the UE average packet throughput significantly depends on averaging period (modeling time). To avoid dependency on averaging period time he CDF of packet throughput is further considered.
Observation 3: The form of CDF of UE average packet throughput significantly depends on averaging period (modeling time).
4. System Level Analysis of Reference TDD Configurations
This section presents the system level analysis for the reference UL-DL configuration # 1. Performance of different resource allocation schedulers was analyzed. In the subsequent sections the analysis for the Modified Largest Weighted Delay First (MLWDF) [3] scheduler is presented. In isolated Pico cell scenario it transforms into the First Input First Output (FIFO) scheduler since all UEs have same capabilities in terms of throughput (CQI) and thus only waiting buffer time determines the user assignment.
The system level simulation results for reference UL-DL configuration #1 (6 DL, 4 UL) and FTP file size equal to 0.5 MB are analyzed for different packet arrival rates. The CDF of packet throughput, the probability of packet drop, resource utilization and offered traffic statistics are shown in Figure 1.
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	Figure 1 . System level simulation results for UL-DL Configuration # 1 (6DL, 4UL), 0.5 MB file size and equal DL/UL packet arrival rates. 


The following observations can be made from the presented evaluation results:
Observations 4:
· The increase of packet arrival rate reduces the packet throughput since multiple UE packets compete for frame resources and thus more time is required to transmit concurrent FTP packets
· At low loading (low packet arrival rates 0.25-1.0) the packet throughput achieves maximum values for majority of the arrived packets however the offered traffic and resource utilization are low
· At medium loading (medium packet arrival rates 1.5 - 2.5) the packet throughput is decreased however the offered traffic in the network is close to its maximum values and the resource utilization metric is in the 40 to 70% range
· At high loading (high packet arrival rates >2.5) the system becomes overloaded. The resource utilization achieves maximum value since DL and UL buffers overflow. The system behavior becomes non-stationary since it cannot process all incoming traffic. The amount of packet drops increases thus reducing the amount of the offered traffic.
5. Traffic Adaptation and Adaptation Time Scale
The traffic adaptation applied in system level simulations of isolated Pico cell scenario was done by changing the UL-DL configuration from the pre-defined set of TDD configurations. The standard set of seven LTE UL-DL configurations was used for adaptation purposes. The traffic adaptation algorithm was based on the estimation of the required number of the DL and UL subframes by taking into account the amount of data in DL/UL user queues and UE throughputs capabilities. The time share proportion between DL and UL was calculated and the closest DL-UL configuration from the predefined LTE set was assigned at each reconfiguration period. Two traffic adaptation time scales equal to 10 ms and 640 ms and two FTP file sizes 0.5 MB and 2.0 MB were used for evaluation [2].
The packet throughput performance significantly depends on adaptation period and the file size to be transmitted. The rough estimates show that at low loading under assumption of the maximum throughput the transmission of one FTP file takes more than 100 subframes for 0.5 MB file and more than 400 subframes for 2.0 MB file. It means that 10 ms adaptation period is much less than the amount of time required for transmission of one FTP file of each size (fast adaptation mode). On the other hand the 640 ms adaptation period is much longer than the amount of time needed for the transmission of a 0.5 MB file (slow adaptation mode) and is comparable with the amount of time needed for the transmission of a 2.0 MB file (fast adaptation).
In the next subsections of this document two adaptation time scales and file sizes are analyzed and compared with results for the reference UL-DL configuration #1.

5.1. Comparison of 10 ms Adaptation Time Scale and Fixed TDD Configurations
In fast adaptation mode (10 ms) the system can quickly respond to changes in DL and UL traffic conditions and adapt TDD configuration to better fit instantaneous traffic demands.
Figure 2 provides CDFs of DL and UL packet throughputs for different packet arrival rates (solid curves – no adaptation, dashed curves – 10 ms adaptation) for the FTP file size equal to 0.5 MB. As it can be seen the 10 ms adaptation provides significant gains in both DL and UL packet throughputs for low and medium packet arrival rates. The packet throughput gain diminishes once packet arrival rates become very high so that both DL and UL transmission directions are overloaded by the amount of the incoming data.
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	Figure 2: Packet Throughput CDF (Adaptation 10ms vs. Reference UL-DL Configuration #1. File Size 0.5 MB)


The similar qualitative behavior is also valid for 2 MB file size since its transmission time is 4 times longer and the arrival rate is four time less comparing to 0.5 MB. Analyzing the results presented in Figure 2 the following observations can be made for both FTP file sizes:

Observation 5: The 10 ms adaptation of UL-DL configuration provides significant gains in packet throughput for both DL and UL transmission directions for low and medium system loading (packet arrival rates).

Observation 6: For the 10 ms adaptation and the standard set of LTE UL-DL configurations the UL packet throughput gains are less comparing to the DL since the existing set of UL-DL configurations is mainly designed for DL favored traffic.
Figure 3 provides the dependence of the cell offered traffic from the FTP file arrival rate. It can be seen that for low and medium loading scenarios the amount of the offered traffic linearly depends on the arrival rate. 
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a)  λD:λU =1:1                                                                     b) λD:λU =1:0.25

	Figure 3: Offered traffic for isolated cell (Adaptation 10 ms vs. Reference UL-DL Configuration #1, File Size 0.5 MB).


Observation 7: Traffic adaptation with 10 ms timescale for low traffic loading does not provide gains in terms of the offered traffic. The gains in offered traffic are observed for medium loading and high loading cases. The higher gains in the offered traffic can be demonstrated if DL-UL traffic asymmetry does not match the selected UL-DL configuration.
5.2. Comparison of 640 ms Adaptation Time Scale and Fixed TDD Configurations

In slow adaptation mode (640 ms) the system is not able to respond to instantaneous changes in the amount of DL and UL traffic. Figure 4 provides CDFs of DL and UL packet throughputs for different packet arrival rates and adaptation modes (solid curves – no adaptation, dash-dotted curves – 640 ms adaptation) for FTP file size equal to 0.5 MB. As it can be seen from simulation results presented in Figure 4 and Figure 5 the 640 ms adaptation provides gains in DL and UL packet throughputs for low and medium packet arrival rates. The packet throughput gain diminishes once packet arrival rates become very high so that both DL and UL transmission directions are overloaded by the amount of incoming data.
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	Figure 4: Packet Throughput CDF (Adaptation 640 ms vs. Reference UL-DL Configuration #1, File size 0.5 MB).
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	Figure 5: CDF Percentiles of Packet Throughput (Adaptation 640 ms vs. Reference UL-DL Configuration #1, File size 0.5 MB)


Observation 8: For large adaptation time scale (640 ms) the packet throughput gains for small file size (0.5 MB) become smaller at all loadings however substantial gains are still achieved.
Figure 6 and Figure 7 provide the performance comparison of the packet throughput characteristics for reference UL-DL configuration #1 and 640 ms traffic adaptation for the case of 2 MB file size.
	[image: image13.emf]0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Packet Throughput, Mbps

CDF

DL CDF of packet throughput, TDD#1 - solid, Adaptive - dash-dot

 

 



 = 0.06



 = 0.12



 = 0.25



 = 0.37



 = 0.5



 = 0.625



 = 1.25



 = 1.875


	[image: image14.emf]0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Packet Throughput, Mbps

CDF

UL CDF of packet throughput, TDD#1 - solid, Adaptive - dash-dot

 

 



 = 0.06



 = 0.12



 = 0.25



 = 0.37



 = 0.5



 = 0.625



 = 1.25



 = 1.875



	Figure 6: Packet Throughput CDF. (Adaptation 640 ms vs. Reference UL-DL Configuration #1 File size 2 MB).


	[image: image15.emf]0 0.5 1 1.5 2

0

5

10

15

20

25

30

DL CDF points of packet throughput versus FTP rate



Packet Thr, Mbps

 

 

5% TDD#1

50% TDD#1

95% TDD#1

5% Adaptive 640ms

50% Adaptive 640ms

95% Adaptive 640ms


	[image: image16.emf]0 0.5 1 1.5 2

0

5

10

15

20

25

30

UL CDF points of packet throughput versus FTP rate



Packet Thr, Mbps

 

 

5% TDD#1

50% TDD#1

95% TDD#1

5% Adaptive 640ms

50% Adaptive 640ms

95% Adaptive 640ms



	Figure 7: CDF Percentiles of Packet Throughput (Adaptation 640 ms vs. Reference UL-DL Configuration #1 File size 2 MB).


Observation 9: The 640 ms adaptation time scale provides larger gains in the packet throughput for larger file sizes (2.0 MB). The related packet throughput gains are observed for all CDF percentiles and for low and medium loadings.

5.3. Comparison of 10 ms and 640 ms Adaptation Time Scales

According to the analysis conducted in the previous section it was shown that both 10 ms and 640 ms traffic adaptation time scales provide gains in packet throughput characteristics. In this section two adaptation timescales are compared against each other for 0.5 MB (see Figure 8) and 2 MB (Figure 9) file sizes.
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	Figure 8: CDF Percentiles of Packet Throughput (Adaptation 10 ms vs. Adaptation 640 ms, File size 0.5 MB).
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	Figure 9: CDF Percentiles of Packet Throughput (Adaptation 10 ms vs. Adaptation 640 ms, File size 2 MB).


Observation 10: The 10 ms adaptation scale provides larger gains in packet throughput comparing to 640 ms scale. The advantages of 10 ms adaptation timescale are especially remarkable for small file size (0.5 MB) and low/medium packet arrival rates. The increase of the file size to 2.0 MB reduces the gains of 10 ms adaptation over 640 ms adaptation and comparable performance characteristics are observed for both adaptation modes.
6. Traffic Adaptation for UL-DL Configurations # 0 and 2

The system level simulation results for UL-DL configuration #0 and #2 are presented in the Appendix B. In summary this analysis has shown significant gains in DL packet throughput for UL-DL configuration 0 and in UL packet throughput for UL-DL configuration 2. In these configurations significant gains are observed only for one transmission direction since DL favored and UL favored UL-DL configurations are used as a reference.
7. Conclusions
The adaptation of UL-DL (TDD) configuration to match the traffic conditions provides multiple benefits in different system performance aspects. First of all the performance of DL and UL packet throughput can be substantially improved especially at low and medium loading (low and medium packet arrival rates). Another benefit is that the amount of the offered traffic in the cell may be further increased comparing to the semi-static UL-DL configuration if significant DL-UL traffic imbalance exists and amount of the allocated DL and UL resources does not match the assigned UL-DL configuration. Further analysis in multi-cell environment is needed to verify the traffic adaptation gains taking into account inter-cell interference.
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Appendix A – LTE TDD eIMTA Simulation Assumptions for Isolated Pico Cell Scenario

Table 2 General Simulation Parameters

	Traffic Model
	· FTP model with fixed size of 0.5MB and 2MB as in TR36.814

· Possible range of file arriving rate (λ) shall cover both low and high load cases. 
· Proposed value range of λ for DL is [0.25, 0.5, 1, 1.5, 2, 2.5, 5, 7.5] for 0.5 Mbytes file size, [0.06, 0.12, 0.25, 0.37, 0.5, 0.625, 1.25, 1.875] for 2 Mbytes file size.

· The arriving rate for UL file is derived by the ratio of DL and UL arriving rate.

	Evaluation Metric
	· Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer

· CDF of packet throughput

· defined as the average of packet throughput for the UE

· {5%, 50%, 95%} of packet throughput

· Cell average packet throughput

· defined as the mean of average packet throughput from all UEs

· Other metrics (including the definition) to be selectively provided by companies including but not limited to

· Packet drop statistics
· Resource utilization

	Time scale for reconfiguration 
	10 ms and 640 ms

	Reference TDD configurations
	· TDD UL-DL configuration 0 with ratio of DL and UL arrival rate = {1/2}

· TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1, 2/1}

· TDD UL-DL configuration 2 with ratio of DL and UL arrival rate = {2/1, 4/1}

	System bandwidth
	10 MHz

	HARQ
	Not modeled

	Scheduler
	MLWDF  (Modified Largest Weighted Delay First)

	DL/UL Power control
	DL at maximum TX power = 30 dBm. LTE UL Power Control with P0 = -90 dBm and α = 1 parameters.

	Carrier frequency 
	2GHz

	CP length
	Normal

	Special subframe
	Configuration #8

	Packet Drop
	Modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB)

	Receiver Type
	MMSE


Table 3: Pico eNodeB Deployment Parameters

	Pico eNodeB deployment
	single cell  with a radius of 40 m, [36.814]

	Pico eNodeB antenna gain
	5 dBi, [36.814]

	Pico eNodeB antenna pattern
	2D, Omni-directional, [36.814]

	Pico eNodeB noise figure
	13 dB, [36.104]

	Pico eNodeB Transmission Power 
	30 dBm as maximum

	UE antenna gain
	0 dBi, [36.942]

	UE noise figure
	9 dB, [36.814]

	UE power class
	23 dBm (200 mW), [36.814]

	Minimum distance between UE and pico
	10 m, [36.814]

	Number of UEs per cell
	10, [36.814]

	Shadowing standard deviation
	3dB for LOS and 4dB for NLOS [ ITU-R M.2135 UMi]

	Pathloss
	PLLOS(R)=103.8+20.9log10(R)
PLNLOS(R)=145.4+37.5log10(R)  For 2GHz, R in km
ProbLos(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))


Appendix B – System Level Analysis for 10 ms and 640 ms Adaptation Time Scale
In this section the system level simulation results of traffic adaptation in isolated Pico cell are presented for 10 ms and 640 ms adaptation periods and different file sizes. The 5th (blue curves), 50th (green curves) and 95th (red curves) percentiles of packet throughput CDFs are presented for both DL and UL and compared with reference UL-DL configurations for different file sizes. 
Comparison with Reference UL-DL Configuration # 0 (4 DL : 6 UL)

In the following set of figures the benefits of traffic adaptation are compared versus the case of static UL-DL configuration # 0. This case is characterized by the UL favored UL-DL configuration where 6 of 10 subframes in frame are allocated for uplink transmission.
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	Figure 10: File Size - 0.5 MB, λD/λU = 0.5
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	Figure 11: File Size – 2.0 MB, λD/λU = 0.5


Notes:
· In UL the reference UL-DL configuration shows better packet throughput comparing to 10 and 640 ms adaptation since the best configuration for UL traffic is used. The DL-UL traffic adaptation may just degrade the UL packet throughput performance.
· Packet throughput gains exist only in DL and observed for both traffic adaptation time scales.
· The 10 ms reconfiguration time scales show better performance comparing to 640 ms adaptation especially at low loading. Gains are especially remarkable for 0.5MB file size.

Comparison with Reference UL-DL Configuration # 1 (6 DL : 4 UL)

In the following set of figures the benefits of traffic adaptation are compared versus the case of static UL-DL configuration # 1. This case can be considered as balanced in terms of allocated DL and UL resources. The DL has 6 subframes and UL has 4 subframes but taking into account that some of DL subframes are special subframe where number of DL OFDMA symbols is reduced and that DL also has control region for PDCCH it can be considered as balanced case.
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	Figure 12: File Size - 0.5 MB, λD/λU = 1.0
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	Figure 13: File Size - 2.0 MB, λD/λU = 1.0


Notes:

· The DL and UL packet throughput gains are observed for both file sizes and adaptation time scales.
· The 10 ms adaptation time scale shows better performance comparing to 640 ms adaptation scale especially at low loading and 0.5 MB file size.
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	Figure 14: File Size - 0.5 MB, λD/λU = 2.0
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	Figure 15: File Size - 2.0 MB, λD/λU = 2.0


Notes:

· The packet throughput gains exist in both DL and UL transmission directions
· The 10 ms adaptation time scale provides better performance comparing to 640 ms adaptation time scale especially at low loading and small file size.
Comparison with Reference UL-DL Configuration # 2 (8 DL : 2 UL)

In the following set of figures the benefits of traffic adaptation are compared versus the case of static UL-DL configuration # 2. This case can be considered as DL favored since more resources are allocated to DL (8 of 10 subframes). 
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	Figure 16: File Size - 0.5 MB, λD/λU = 2.0
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	Figure 17: File Size - 2.0 MB, λD/λU = 2.0


Notes:

· The small DL packet throughput gains comparing to reference UL-DL configuration are observed since DL-favored configuration is used as a reference.

· Significant UL packet throughput gains are observed for both adaptation time scales and file sizes.
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	Figure 18: File Size - 0.5 MB, λD/λU = 4.0
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	Figure 19: File Size - 2.0 MB, λD/λU = 4.0


Notes:

· The small DL packet throughput gains comparing to reference UL-DL configuration are observed since DL-favored configuration is used as a reference.

· Significant UL packet throughput gains are observed for both adaptation time scales and file sizes.
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