
3GPP TSG RAN WG1 Meeting #72

R1-130051
St. Julian’s, Malta, January 28th – February 1st, 2013
Source:
CATT 

Title:
Further evaluation results on TDD UL-DL reconfigurations
Agenda Item:
7.3.3.3
Document for:
Discussion and Decision
1 Introduction
In RAN#58, the new work item proposal for “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved with the following objectives [1]:
· Agree on the deployment scenarios for TDD UL-DL reconfigurations
· Aim to support the scenarios that contain at least pico or femto cells from the study item,

· Identify and agree on other scenarios (if any) to be supported; 

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;

· Specify applicable eNB and UE core requirements.

This contribution focuses on the second topic. Evaluations on TDD UL-DL reconfiguration with different time scales and different available UL-DL configurations for the scenario of multiple outdoor pico cells are provided. 
2 Evaluations and discussion
2.1 Evaluation methodologies and assumptions
The evaluations are performed based on the agreed set of simulation assumptions for multiple Pico cells with the interference mitigation scheme in [2]. The simulation parameters are listed in Table A-1 and Table A-2.
The following two DL/UL traffic ratios and arriving rates are simulated:
· CASE 1: Ratio of DL/UL arriving rates of 1/1, reference TDD configuration #1, DL arriving rate = {0.5, 1.5, 2.5}

· CASE 2: Ratio of DL/UL arriving rates of 2/1, reference TDD configuration #1, DL arriving rate = {0.5, 1.5, 2.5 }

TDD UL-DL reconfiguration is evaluated in terms of the following aspects:

· TDD UL-DL reconfiguration with different time scales 
· {10ms, 40ms, 80ms, 200ms, and 640 ms}
· TDD UL-DL reconfiguration with different available TDD UL-DL configurations 

· The seven Rel-8  UL-DL configurations
· The Rel-8  UL-DL configurations with 5ms-switch point
2.2 Evaluation results with different time scales
In this section we provide evaluation results with different time scales. It is noted that the seven Rel-8 UL-DL configurations are available for reconfiguration in this section. 
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Figure 1: UL/DL Cell average packet throughput of case 1
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Figure 2: UL/DL Cell average packet throughput of case 2
Looking at the above results, we have the following observations:
· In general, better performance is observed for shorter UL-DL reconfiguration time scale, i.e. 10ms provides the best performance. 
· As traffic load increases, performance for different reconfiguration time scales converges.
· TDD reconfiguration with time scale of 40ms and 80ms provides similar DL and UL performance with 10ms. TDD reconfiguration with time scale of 200ms and 640ms provides similar UL performance with 10ms but has significant loss in DL.
2.3 Evaluation results with different available UL-DL configurations

In this section we compare TDD UL-DL reconfigurations with different available UL-DL configurations. The ‘10ms configuration free’ curve in Figure 3 indicates that the seven Rel-8 UL-DL configurations can be applied, and the ‘10ms configuration limited’ curve in Figure 3 indicates that only the UL-DL configurations with 5ms switch point can be applied for reconfiguration. 
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Figure 3: UL/DL Cell average packet throughput of case 1
Looking at the above results, we have the following observations:
· In general, better DL performance is observed if all seven TDD UL-DL reconfigurations can be used for adaptation. A 10% packet throughput loss is observed for restricted TDD UL-DL reconfiguration in low load region. This is mainly due to the fact that configuration #5 is the most DL centric configuration with 10ms switching point. As traffic load increases, the performance loss decreases, due to TDD UL-DL configuration limitation.
· The UL performance of reconfiguration with different available UL-DL configurations is similar in the whole load region.
3 Conclusions
In this contribution, we provide the evaluation results for TDD UL-DL reconfiguration with different time scales and different available UL-DL configurations for the multiple outdoor pico cells scenario. According to these evaluation results, the following observations are made:
· Compared with the performance of 10ms UL-DL reconfiguration time scale, schemes with shorter time scale (e.g. 40ms and 80ms) provide similar performance and schemes with longer time scale (e.g. 200ms and 640ms) lead to  significant DL performance loss. 
· DL packet throughput loss is roughly 10% if only TDD UL-DL configurations with 5ms switch point are applied for reconfiguration, compared to the case where all seven Rel-8 UL-DL configurations can be used. 
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5 Appendix

5.1 Simulation assumptions
Table A-1: Pico-cell system assumptions for multiple pico cells 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))


Table A-2: Simulation assumptions for multiple pico cell scenario
	Parameters
	Assumptions

	Deployment scenario
	19*3 Macro, 4 picos per Macro

	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,80ms,40ms,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

· from the CDF of average packet throughput from all UEs

Cell average packet throughput

	Traffic model
	· FTP model 1 in 36.814
· Fixed packet size of 0.5M
· 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 1 with ratio of DL and UL arrival rate = {1/1}
Case2: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1}

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

	Packet Drop Time 
	8s for 0.5MB 

	Evaluation methodology
	· Joint DL and UL simulation in one simulator

· Independent packet generation for DL and UL

· One of the available UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes
· 10ms configuration free:7 Rel-8 UL-DL configurations 

· 10ms configuration limited: only Rel-8 UL-DL configurations of 5ms-switch point

	Scheduler
	· First-in-first-out packet scheduler

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

· MCS selection by the large scale channel quality.

	HARQ and ARQ
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms
· Chase Combining with maximum 4 transmissions
· Retransmission by high layer till TB is received correctly

	Interference mitigation
	· Cell cluster interference mitigation defined in [4]


5.2 Simulation results (UE average packet throughput)
5.2.1 TDD UL-DL reconfiguration with different time scales
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Figure A-1: UL/DL UE average packet throughput of case 1
[image: image13.emf]0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

x 10

7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UL UE average packet throughput(bps)

CDF

Configuration1 DL/UL=2:1 lamda=0.5(Total Picos)

 

 

fixed

10ms IM

40ms IM

80ms IM

200ms IM

640ms IM

[image: image14.emf]0.5 1 1.5 2 2.5 3 3.5

x 10

7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DL UE average packet throughput(bps)

CDF

Configuration1 DL/UL=2:1 lamda=0.5(Total Picos)

 

 

fixed

10ms IM

40ms IM

80ms IM

200ms IM

640ms IM

[image: image15.emf]0 0.5 1 1.5 2 2.5

x 10

7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UL UE average packet throughput(bps)

CDF

Configuration1 DL/UL=2:1 lamda=1.5(Total Picos)

 

 

fixed

10ms IM

40ms IM

80ms IM

200ms IM

640ms IM

[image: image16.emf]0 0.5 1 1.5 2 2.5 3 3.5

x 10

7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DL UE average packet throughput(bps)

CDF

Configuration1 DL/UL=2:1 lamda=1.5(Total Picos)

 

 

fixed

10ms IM

40ms IM

80ms IM

200ms IM

640ms IM

[image: image17.emf]0 0.5 1 1.5 2 2.5

x 10

7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UL UE average packet throughput(bps)

CDF

Configuration1 DL/UL=2:1 lamda=2.5(Total Picos)

 

 

fixed

10ms IM

40ms IM

80ms IM

200ms IM

640ms IM

[image: image18.emf]0 0.5 1 1.5 2 2.5 3

x 10

7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DL UE average packet throughput(bps)

CDF

Configuration1 DL/UL=2:1 lamda=2.5(Total Picos)

 

 

fixed

10ms IM

40ms IM

80ms IM

200ms IM

640ms IM


Figure A-2: UL/DL UE average packet throughput of case 2

5.2.2 TDD UL-DL reconfiguration with different available UL-DL configurations
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Figure A-3: UL/DL UE average packet throughput of case 1
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