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1 Introduction
In RAN#51, a Rel-11 study item on TDD interference management and traffic adaptation was approved in [1]. RAN1 was tasked to evaluate the benefits of TDD UL-DL reconfiguration based on traffic conditions. In this contribution, we provide evaluation results for isolated Pico cell with the simulation assumptions agreed in [2].
2 Evaluation methodologies and parameters

According to the agreements in [2], some methodologies or parameters can be determined by each company. We provide these details in the following, including value range of traffic arriving rate λ, adaptation method of UL-DL reconfiguration, DL/UL power control and scheduler.
· Value range of arriving rate (λ)
In order to evaluate both low and high load cases, for each reference UL-DL configuration, several values of DL traffic arriving rates are selected within the agreed set of values in [2]. The arrival rate for UL traffic is further derived by the ratio of DL and UL arrival rate. Tables 1 – 5 provide values of DL/UL arrival rate of 0.5Mbytes packet size used in our evaluations for different cases. The values for 2Mbytes file size are 1/4 of the corresponding ones for 0.5Mbytes.
	Table 1: UL-DL configuration 0 with ratio of DL and UL arrival rate = {1/2}, Case 1
λ (DL)
	0.5
	1
	2
	2.5

	λ (UL)
	1
	2
	4
	5


Table 2: UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1}, Case 2
	λ (DL)
	0.5
	1.5
	2.5
	5

	λ (UL)
	0.5
	1.5
	2.5
	5


Table 3: UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1}, Case 3
	λ (DL)
	0.5
	1.5
	2.5
	5

	λ (UL)
	0.25
	0.75
	1.25
	2.5


Table 4: UL-DL configuration 2 with ratio of DL and UL arrival rate = {2/1}, Case 4
	λ (DL)
	0.5
	2
	2.5
	5

	λ (UL)
	0.25
	1
	1.25
	2.5


Table 5: UL-DL configuration 2 with ratio of DL and UL arrival rate = {4/1}, Case 5
	λ (DL)
	0.5
	2.5
	5
	7.5

	λ (UL)
	0.125
	0.625
	1.25
	1.875


· UL-DL reconfiguration method
· Reference UL-DL configuration is applied as the initial configuration.
· Reconfigure UL-DL configurations based on the amount of DL and UL data currently in the buffer and historical traffic conditions. More specifically, UL-DL reconfiguration is implemented by calculating the required DL and UL resource ratio and then selecting the closest UL-DL configuration, where type 1 data  is the historical data which has been transmitted and type 2 data  is the amount of data currently in the buffer that needs to be transmitted
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· In order to achieve network energy saving, when there is no data in the buffer for transmission, the UL-DL configuration with least DL subframes (i.e. configuration 0) is applied.
· DL/UL power control
· Fractional open-loop UL power control [3] without closed-loop TPC is applied for uplink. 

· No downlink power control is applied.
· Scheduler
· A FIFO (first-in-first-out) scheduler is assumed. Since no fast fading channel is assumed, full system bandwidth can be assigned to transmit a packet. And the remaining available frequency resources (if any) can be allocated for transmission of next packet.
·  Ideal CSI is assumed for MCS selection and all MCS levels can be used for both downlink and uplink transmissions.
· Since the geometry for isolated cell is rather high, HARQ is not modeled.
3 Evaluation results for isolated Pico cell 
Several performance metrics are proposed in the simulation assumptions [2]. Cell average packet throughput and subframe resource utilization are shown in this section, with results for other metrics shown in the appendix.
One of the benefits of TDD UL-DL reconfiguration is to adapt the subframe configuration according to the traffic conditions, which allows more efficient resource utilization and shorter packet transmission delay. For example, a TDD UL-DL configuration with more DL subframes can be used if there are more DL packets to be transmitted. On the contrary, a TDD UL-DL configuration with more UL subframes can be used if there are more UL packets to be transmitted. This would reduce the packet transmission delay in downlink and uplink, hence improve the user experience. Packet transmission delay is defined as the time duration from the packet arrival in the buffer to transmission completion of the DL or UL packet. Packet throughput is further defined as the packet size divided by the packet transmission delay.
Energy saving is another benefit of TDD UL-DL reconfiguration. From the UE perspective, reduced packet transmission delay results in less active time for data transmission or reception, which lowers the UE power consumption. From the network perspective, UL-DL reconfiguration allows the eNB to avoid configuring unnecessary downlink subframes, which reduces the network energy consumption as well as inter-cell interference. The performance of UE power saving can be reflected by the packet transmission delay or packet throughput and the performance of network energy saving can be reflected by the system resource utilization in downlink. 

We evaluate two different packet sizes (0.5 and 2Mbytes) according to the agreed simulation assumptions.
3.1 Evaluation results for 0.5Mbytes packet size 
Evaluation results for 0.5Mbytes packet size for different cases are shown as following.
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Figure 1: Cell average packet throughput of case1 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 2: Subframe resource utilization of case1 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 3: Cell average packet throughput of case2 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 4: Subframe resource utilization of case2 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 5: Cell average packet throughput of case3 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 6: Subframe resource utilization of case3 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 7: Cell average packet throughput of case4 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 8: Subframe resource utilization of case4 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 9: Cell average packet throughput of case5 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure 10: Subframe resource utilization of case5 (0.5Mbytes packet size), uplink (left) and downlink (right)
Looking at the above results, we have the following observations

· On cell average packet throughput 
· TDD UL-DL reconfiguration reduces packet transmission delay therefore increases packet throughput in downlink and uplink, compared to the fixed UL-DL configuration. The gain is mainly observed in the low or medium cell traffic load region. In high cell traffic load region, the gain is less significant. The amount of gain is dependent on the evaluated cases.
· In general, larger performance gain is observed for shorter UL-DL reconfiguration time scale, i.e. 10ms provides the best performance. At the same time, 640ms reconfiguration time scale can also provide significant performance gain and in some cases its performance is very close to 10ms reconfiguration time scale. The performance difference for different reconfiguration time scales is less significant in high cell traffic load region.
· In some cases, performance gain for UL-DL reconfiguration is observed for both downlink and uplink. In some other cases, performance gain is observed only for one transmission direction, and no performance gain or even slight performance loss exists for the other transmission direction. Take evaluation case 1 (reference configuration 0, DL/UL traffic ratio 1/2) as an example. UL-DL reconfiguration provides gains for downlink and slight loss for uplink. This is because configuration 0 has the most uplink subframes, and reconfiguring it to any other configuration will impact the uplink transmission performance. Other examples are evaluation cases 4 and 5, where UL-DL reconfiguration can provide performance gain only in uplink.
· Time resource utilization

· In most cases, UL-DL reconfiguration can increase the DL resource utilization compared to the fixed configuration, except for the fixed configuration 0 where least downlink subframe is configured. The amount of gain is dependent on the evaluation cases. It is noted that the improved DL subframe resource utilization can be interpreted as network energy saving.
· In most cases, no increase in UL resource utilization is observed. This is mainly due to the UL-DL reconfiguration method applied in the evaluation, where configuration 0 is selected when neither downlink or uplink packets exist in the buffer to be transmitted.
· Resource utilization in downlink and uplink is very similar for different UL-DL reconfiguration time scales. Therefore from the network energy saving perspective, 640ms time scale is sufficient.
3.2 Evaluation results for 2Mbytes packet size 

Evaluation results for 2Mbytes packet size for different cases are shown as following.
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Figure 11: Cell average packet throughput of case1 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 12: Subframe resource utilization of case1 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 13: Cell average packet throughput of case2 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 14: Subframe resource utilization of case2 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 15: Cell average packet throughput of case3 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 16: Subframe resource utilization of case3 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 17: Cell average packet throughput of case4 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 18: Subframe resource utilization of case4 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure 19: Cell average packet throughput of case5 (2Mbytes packet size), uplink (left) and downlink (right)

[image: image40.emf]0 0.1 0.2 0.3 0.4 0.5

0

0.2

0.4

0.6

0.8

1

Lamada

UL SUBFRAME used ratio

Configuration2,DL/UL load ratio=4/1

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms

[image: image41.emf]0 0.5 1 1.5 2

0

0.2

0.4

0.6

0.8

1

Lamada

DL SUBFRAME used ratio

Configuration2,DL/UL load ratio=4/1

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms


Figure 20: Subframe resource utilization of case5 (2Mbytes packet size), uplink (left) and downlink (right)
Looking at the above results, we have the following observations

· On cell average packet throughput 
· Compared to the 0.5Mbytes cases, less performance difference is observed for different UL-DL reconfiguration time scales for 2Mbytes. 640ms time scale provides most of the gains compared to the fixed UL-DL configurations.
· Other observations are similar to the 0.5Mbytes cases.
· Time resource utilization

· Same observations can be made as the 0.5Mytes cases. 
4 Conclusions
In this contribution, we provide the evaluation results for TDD UL-DL reconfiguration based on traffic adaptation for isolated Pico cell scenario. According to these evaluation results, we have the following observations.
· In general TDD UL-DL reconfiguration can provide performance gain in terms of packet throughput and resource utilization.
· Improvement of packet throughput can enhance the user experience and UE power saving.
· Improvement of downlink resource utilization can enhance the network energy saving.
· The amount of performance gain is dependent on the evaluation cases.
· In general, shorter UL-DL reconfiguration time scale provides better performance for packet throughput.
· The performance gain is mainly observed in the low or medium cell traffic load region.
· The performance difference for different reconfiguration time scales is less significant with the increase of cell traffic load or packet size.
· Similar resource utilization performance gain is obtained for different reconfiguration time scales. 
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6 Appendix

6.1  Pico-cell system assumptions for isolated cell scenario
Table A-1: Pico-cell system assumptions for isolated cell scenario

	Parameter
	Assumption

	Pico deployment
	single cell with a radius of 40 m

	Pico antenna gain
	5dBi

	Pico antenna pattern
	2D,Omni-directional

	Pico noise figure
	13dB

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE power class
	23dBm(200mW)

	Minimum distance between UE and pico
	10m

	Number of UE per pico cell
	10

	Shadowing standard deviation
	3dB for LOS and 4dB for NLOS

	Pathloss
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  for 2GHz, R in km

Case 1: 
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5,5exp(-R/0.03))


6.2 Evaluation assumption of TDD UL-DL reconfiguration for isolated cell scenario
Table A-2 Simulation assumptions for isolated Pico cell

	Parameters
	Assumptions

	Deployment scenario
	Isolated Pico cells

	Maximum BS Tx power
	30dBm

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	eNB antenna configuration
	1Tx 2Rx

	UE antenna configuration
	1Tx 2Rx

	Reconfiguration time scale 
	Every 640ms, 200ms, 10ms

	Metric
	Packet throughput

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

· defined as the average of packet throughput for the UE

{5%, 50%, 95%} UE average packet throughput

· from the CDF of average packet throughput from all UEs

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

· Packet delay statistics

· Frequency resource (PRBs) utilizations

· Time resource (subframes) utilizations

	Traffic model
	· FTP model 1 in 36.814
· Fixed packet size of 0.5M and 2Mbytes
· Poisson distributed with arrival rate λ

· 10 UEs per Pico cell
· A packet is randomly assigned to a UE with equal probability

· Independent traffic modeling for DL and UL per UE
· Both low and high load cases shall be covered, value of lamda is selected within the value range

	Reference UL-DL configurations


	Case1: TDD UL-DL configuration 0 with ratio of DL and UL arrival rate = {1/2}
Case2: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1}
Case3: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1}
Case4: TDD UL-DL configuration 2 with ratio of DL and UL arrival rate = {2/1}
Case5: TDD UL-DL configuration 2 with ratio of DL and UL arrival rate = {4/1}

	Special subframe configuration
	Special subframe configuration #8 shall be assumed in the evaluations

	Packet Drop Time 
	8s for 0.5MB and 32s for 2MB

	Evaluation methodology
	· Joint DL and UL simulation in one simulator

· Independent packet generation for DL and UL

· One of the 7 Rel-8 TDD UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes

	Scheduler
	· First-in-first-out packet scheduler

· Full bandwidth assignment, i.e. without frequency selective scheduling

· MCS selection by the large scale channel quality.
· No HARQ


6.3 Evaluation results
6.3.1 0.5Mbytes packet size
· Packet drop

[image: image42.emf]1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Lamada

UL PK drop ratio

Configuration0,DL/UL load ratio=1/2

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms

[image: image43.emf]0.5 1 1.5 2 2.5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Lamada

DL PK drop ratio

Configuration0,DL/UL load ratio=1/2

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms


Figure A-1: Packet drop of case1 (0.5Mbytes packet size), uplink (left) and downlink (right)

[image: image44.emf]0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Lamada

UL PK drop ratio

Configuration1,DL/UL load ratio=1/1

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms

[image: image45.emf]0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

Lamada

DL PK drop ratio

Configuration1,DL/UL load ratio=1/1

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms


Figure A-2: Packet drop of case2 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure A-3: Packet drop of case3 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure A-4: Packet drop of case4 (0.5Mbytes packet size), uplink (left) and downlink (right)
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· Figure A-5: Packet drop of case5 (0.5Mbytes packet size), uplink (left) and downlink (right)
· Frequency resource (PRBs) utilizations
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Figure A-6: Frequency resource of case1 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure A-7: Frequency resource of case2 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure A-8: Frequency resource of case3 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure A-9: Frequency resource of case4 (0.5Mbytes packet size), uplink (left) and downlink (right)
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Figure A-10: Frequency resource of case5 (0.5Mbytes packet size), uplink (left) and downlink (right)
6.3.2 2Mbytes packet size

· Packet drop
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Figure A-11: Packet drop of case1 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure A-12: Packet drop of case2 (2Mbytes packet size), uplink (left) and downlink (right)

[image: image66.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Lamada

UL PK drop ratio

Configurition1,DL/UL load ratio=2/1

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms

[image: image67.emf]0 0.2 0.4 0.6 0.8 1 1.2 1.4

0

1

2

3

4

5

6

7

x 10

-3

Lamada

DL PK drop ratio

Configurition1,DL/UL load ratio=2/1

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms


Figure A-13: Packet drop of case3 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure A-14: Packet drop of case4 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure A-15: Packet drop of case5 (2Mbytes packet size), uplink (left) and downlink (right)
· Frequency resource (PRBs) utilizations
[image: image72.emf]0.2 0.4 0.6 0.8 1 1.2 1.4

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Lamada

UL PRB used ratio

Configuration0,DL/UL load ratio=1/2

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms

[image: image73.emf]0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Lamada

DL PRB used ratio

Configuration0,DL/UL load ratio=1/2

 

 

fixed configuration

dynamic config:640ms

dynamic config:200ms

dynamic config:10ms


Figure A-16: Frequency resource of case1 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure A-17: Frequency resource of case2 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure A-18: Frequency resource of case3 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure A-19: Frequency resource of case4 (2Mbytes packet size), uplink (left) and downlink (right)
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Figure A-20: Frequency resource of case5 (2Mbytes packet size), uplink (left) and downlink (right)
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