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1. Introduction 
In 3GPP RAN1#68, evaluation results of isolated outdoor pico-cell scenario were provided. Observations from the submitted results are summarized as the outcome of email discussion “[68-17] Conclusions from evaluation results for isolated cell scenario for TDD IMTA” in two parts [1]:

 Part 1: The following shall be captured in the TR 

For the evaluated isolated pico cell scenario, TDD UL-DL reconfiguration based on traffic condition provides benefits over a fixed reference TDD UL-DL configuration. 

· The benefits at least include improved packet throughput 

· The benefits may be observed in either DL or UL or both directions, 

· The less number of DL (or UL) subframes in the fixed reference TDD UL-DL configuration, the higher DL (or UL) packet throughput gain (if any) achieved by TDD UL-DL reconfiguration 

· The benefits are mainly observed in low to medium cell traffic load region 

· Faster TDD UL-DL reconfiguration provides larger benefits than slower TDD UL-DL reconfiguration 

· The gain of faster TDD UL-DL reconfiguration over slower TDD UL-DL reconfiguration reduces with the increase of cell traffic load and/or packet size 

Part 2: One T-doc submitted in RAN1-68 analyzes on the aspect of energy saving for the evaluated isolated pico cell scenario. Further discussion is needed to draw the observations on energy saving for the isolated pico cell scenario. Energy saving shall be analyzed in future RAN1 evaluations.
Working assumption after RAN#55:

· To finalize the assumptions for evaluating traffic triggered TDD DL-UL reconfiguration for the multi-cell scenario.
Feasibility studies from RAN4 indicate the following four multi-cell scenarios [2] that ought to be evaluated:
· Scenario 1: Multiple femto cells deployed on the same carrier frequency
· Scenario 2: Multiple femto cells deployed on the same carrier frequency and multiple macro cells deployed on an adjacent carrier frequency where all macro cells have the same DL-UL configuration and femto cells can adjust DL-UL configuration

· Scenario 3: Multiple outdoor pico cells deployed on the same carrier frequency

· Scenario 4: Multiple outdoor pico cells deployed on the same carrier frequency and multiple macro cells deployed on an adjacent carrier frequency where all macro cells have the same DL-UL configuration and outdoor pico cells can adjust DL-UL configuration.
Due to the time limitation and in order to align with simulation assumptions for isolated outdoor pico-cell evaluations as much as possible, scenario 3 is granted with the highest priority for RAN1#68bis. In addition,
· Scenario 4a: Multiple outdoor pico cells and multiple macro cells deployed on the same carrier frequency
can be included as the next step for multi-cell study.
From the email discussions [3], the following simulation assumptions have been agreed for multi-cell study in which though multiple macro eNodeBs are deployed but not activated (i.e., scenario 3).
· Scenario
· Co-channel outdoor pico-outdoor pico cells
· Traffic
· FTP model 1 in 36.814 shall be evaluated
· Fixed size of 0.5 Mbytes and 2 Mbytes as in TR36.814;
· Poisson distributed with arrival rate λ;
· Possible range of file arriving rate (λ) shall cover both low and high load cases. Proposed value rage 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;
· Number of UEs according to the simulated scenario;
· A packet is randomly assigned to a UE with equal probability;
· Independent traffic modelling for DL and UL per UE;
· Both low and high load cases shall be covered.
· Evaluation metric
· DL and UL metrics shall be collected separately;
· 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 packet throughput for the UE;
· {5%, 50%, 95%} UE average packet throughput
· From the CDF 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.
· Simulation methodology
· DL and UL shall be evaluated in an integrated simulator.
· 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}.
· Link adaptation
· MCS selection with 10% BLER, assuming ideal CSI
· If the highest MCS is selected, the BLER may be less than 10%, which shall be modelled.
· Set of TDD UL-DL configurations
· The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.
· UL modulation order
· All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order.
Other agreed parameters used in our simulations are given in the appendix. In the following section, we will present our evaluation results of the multi-cell outdoor pico scenario with traffic trigged UL/DL reconfiguration in LTE/TDD. Additionally, our observations and analysis are given as well.
2. Simulation Results
Regarding the TDD UL-DL reconfiguration method, we simply apply that for every Xms (e.g., 10ms or 640ms), the ratio of the DL and UL packets for transmission is recalculated, based on which, one of the seven UL-DL configurations is deployed. We employ the cell-average packet throughput and {5%, 50%, 95%} of the UE average packet throughput as the performance metrics to be evaluated. Two cases are studied, they are

· Case 1. All Pico cells have the same DL-UL configurations

· Case 2. Applying adaptive DL-UL configuration in Pico cells without any interference mitigation schemes.

In this contribution, we only evaluate the impact of packet arrival rates on DL-UL reconfiguration in multi-cell scenario. PTD and PTU represent the cell-average packet throughput for downlink and uplink, respectively; X% DL and X% UL denote the X% UE average packet throughput for downlink and uplink, respectively. 
· 2 Mbytes, λ = 0.25
· Config0 as the initial configuration; DL/UL = 1/2
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Case1
	12927
	721.11
	1264.2
	1938.7
	3849.2
	175.13
	392.52
	553.78

	Case2
	12737
	704.33
	1239.8
	1947.5
	3032.1
	118.22
	403.0
	550.89

	Gain
	-1.47%
	-2.32%
	-1.93%
	0.45%
	-21.23%
	-32.5%
	2.67%
	-0.52%


· Config1 as the initial configuration; DL/UL = 1/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Case1
	14921
	760.32
	1393.6
	2651.1
	3694.2
	207.11
	370.58
	495.16

	Case2
	16409
	749.32
	1405.3
	3125.7
	4005.0
	266.0
	395.11
	534.87

	Gain
	9.97%
	-1.45%
	0.84%
	17.9%
	8.41%
	28.43%
	6.62%
	8.01%


· Config1 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Case1
	14804.1
	752.21
	1393.5
	2431.8
	5230.8
	276.11
	439.56
	881.77

	Case2
	14906.0
	702.1
	1406.1
	2470.4
	5006.9
	250.81
	581.33
	864.14

	Gain
	0.69%
	-6.66%
	0.9%
	1.59%
	-4.28%
	-9.16%
	32.25%
	-2.0%


· Config2 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Case1
	12927
	721.11
	1264.2
	1938.7
	3849.2
	175.13
	392.52
	553.78

	Case2
	12737
	704.33
	1239.8
	1947.5
	3032.1
	118.22
	403.0
	550.89

	Gain
	-1.47%
	-2.32%
	-1.93%
	0.45%
	-21.23%
	-32.5%
	2.67%
	-0.52%


· Config2 as the initial configuration; DL/UL = 4/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Case1
	16351
	719.32
	1499.2
	3002.1
	2082.6
	112.94
	207.14
	407.76

	Case2
	16824
	701.33
	1568.5
	2957.5
	5522.4
	326.48
	529.60
	642.47

	Gain
	2.89%
	-2.5%
	4.62%
	-1.49%
	165.17%
	189.07%
	155.67%
	57.56%


From the above system level evaluation results, we observe that

Observation 1: Regarding DL direction, the performance improvements of the cell-average packet throughput obtained by dynamic DL-UL reconfiguration in isolated-cell are slightly affected in multi-cell scenario by accounting for UE-UE interference; however, the associated cell-edge performance (i.e., 5% UE average packet throughput) is degraded.
Observation 1: Regarding UL direction, the performance improvements of the cell-average packet throughput obtained by dynamic DL-UL reconfiguration in isolated-cell are significantly degraded in multi-cell scenario by accounting for LPN-LPN interference; under some cases, dynamic DL-UL reconfiguration is inferior to no reconfiguration, in terms of both cell-average and cell-edge packet throughput performances.
3. Conclusion 
This contribution evaluates TDD DL-UL reconfiguration in multi-cell outdoor Pico. According to the evaluation results, we conclude that
Observation 1: Regarding DL direction, the performance improvements of the cell-average packet throughput obtained by dynamic DL-UL reconfiguration in isolated-cell are slightly affected in multi-cell scenario by accounting for UE-UE interference; however, the associated cell-edge performance (i.e., 5% UE average packet throughput) is degraded.
Observation 1: Regarding UL direction, the performance improvements of the cell-average packet throughput obtained by dynamic DL-UL reconfiguration in isolated-cell are significantly degraded in multi-cell scenario by accounting for LPN-LPN interference; under some cases, dynamic DL-UL reconfiguration is significantly inferior to no reconfiguration, in terms of both cell-average and cell-edge packet throughput performances.
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Appendix-Simulation assumptions

	Parameters
	Assumptions used for simulation 

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Inter-site distance
	500m

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout (note that macro cells are deployed but not activated)

	Outdoor Pico deployment
	40m radius, random deployment

	Number of Pico cells per sector
	4

	Minimum distance between Pico cells
	40m

	Minimum distance between UE and Pico
	10m

	Outdoor Pico antenna pattern
	2D, Omni-directional

	Outdoor Pico antenna gain
	5dBi

	UE antenna gain
	0dBi

	Outdoor Pico noise figure
	13dB

	UE noise figure
	9dB

	Outdoor Pico max transmission power
	24dBm

	UE power class
	23dBm (200mW)

	Number of UEs per Pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	User distribution
	Cluster, Photspot = 2/3

	Shadowing standard deviation between outdoor Pico cells
	6dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5

	PL of outdoor Pico to outdoor Pico
	LOS: if R<2/3 km, PLLOS(R)=98.4+20log10(R)

Else, PLLOS(R)=101.9+40log10(R)  For 2GHz, R in km
NLOS: 
Case 1: PLNLOS(R)=169.36+40log10(R), R in km.
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	PL of outdoor Pico to UE
	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))

	PL of UE to UE
	If R<=50m, PL(R)=98.45+20log10(R), R in km
Else, PL(R)=55.78+40log10(R)  For 2GHz, R in m

	Scheduler
	Single-user: FIFO   multi-user: PF in both time and frequency

	Pico antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Small scaling fading channel
	ITU UMi

	CP length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Special subframe configuration #8

	Receiver type
	MMSE

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LoS and 4dB for NLoS

	HARQ retransmission scheme
	IR
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