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Discussion
1. Introduction
During RAN1#68 meeting, many contributions on the evaluation results for LTE_TDD_eIMTA in isolated Pico scenario were submitted. In order to further evaluate the feature of dynamic TDD UL/DL reconfiguration, the simulation assumptions and parameters for evaluation in multi-cell scenario were discussed in RAN1 e-mail reflector and agreed in the evaluation methodology [1].
In this contribution, the system level evaluation results for LTE_TDD_eIMTA in multiple-outdoor Pico cell scenario are presented according to the agreed simulation assumptions and parameters in [1]. In order to evaluate the potential benefits of dynamic TDD UL/DL configuration in multi-cell scenario, we evaluate system level performance under various parameters of the traffic model and time scale for TDD UL/DL reconfiguration. 
2. Simulation assumptions for multi-cell scenario
In the multi-cell scenario, which is different to the isolated cell scenario, co-channel interference especially UL-DL interference from neighbor cells exist. Consequently, HARQ retransmission and interference mitigation schemes needs to be used in the system level simulation. According to the agreements in [1], some methodologies or parameters can be determined by each company. So these details in the following, including traffic modelling, adaptation method of UL-DL reconfiguration, DL/UL power control, HARQ modelling, UL-DL interference mitigation and scheduler are presented in this section.
· Traffic modeling:

In this multiple-outdoor Pico cell simulation, same traffic generation methodology and arriving rate as agreed in isolated cell scenario is adopted for uplink and downlink traffic model [2]. The traffic for each Pico cell is independently generated and all the Pico cells have the same arriving rate. In [2], a large number of simulations with different traffic load were defined, two different file sizes, three different TDD UL/DL switching scales, two different reference TDD UL/DL configurations, three DL_UL traffic arrival ratios and three simulation cases. In addition, a large number of performance metrics is defined. In this contribution we have selected a subset of the cases and metrics to evaluate the potential gain of dynamic TDD UL/DL reconfiguration in multi-cell scenario. 

· UL-DL reconfiguration method

Regarding the TDD uplink-downlink reconfiguration scheme, dynamic reconfiguration is switched every 10ms in the simulation. In detail, at the start of each switching period, eNB shall select the most appropriate DL-UL subframe ratio based on the relative amount of total downlink and uplink traffic waiting for the scheduling in the eNB. 
· DL/UL power control

Fractional open-loop UL power control without closed-loop TPC is applied for uplink. 

No downlink power control is applied.

· Scheduler

Round-robin with FIFO (first-in-first-out) scheduler is assumed. In each Pico cell, full system bandwidth is equally divided by the number of served UE with traffic.
Fixed TDD UL/DL configuration and dynamic TDD reconfiguration cases use the same scheduler for easy comparison.
· HARQ modeling
Ideal HARQ modeling, i.e. the first available subframe after 8ms is used for retransmission. Chase combining is used for retransmission combining.
· UL-DL interference mitigation 
No interference mitigation scheme is used in this evaluation.
· Pico antenna configuration and fast fading
{1Tx, 2Rx} is assumed for Pico antenna configuration. No fast fading is modeled.
· Reference TDD UL-DL configuration
Compared to the fixed TDD UL/DL configuration, different reference configurations are used for different downlink-uplink traffic arrival ratios. The detailed reference configurations are listed below:

•
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}
· Simulation cases 
Case 1: All Pico cells use the same TDD UL-DL configurations

Case 2: Apply adaptive TDD UL-DL configuration in Pico cells without any interference mitigation schemes
The detailed simulation assumptions and parameters in our evaluation are listed in Annex.

3. Performance metrics
Regarding the performance metric, the downlink and uplink metrics are collected separately. Since FTP is adopted as the traffic model, packet throughput is an important metric for evaluation. In this evaluation, packet throughput is defined as the packet size over the packet transmission time, including the packet waiting time in the buffer. The detailed performance metrics used in the system level simulation are as given below: 

· Cell average packet throughput
· User average packet throughput

· {5%, 50%, 95%} user throughput
Where,

· Cell average packet throughput

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

· UE average packet throughput

· defined as the average of packet throughput for the UE

· {5%, 50%, 95%} user throughput

· from the CDF of user throughput from all UEs
4. Simulation results

System simulation results are provided in Figure 1 through 4 with different downlink-uplink traffic arrival ratios and reference TDD UL/DL configurations, respectively. File size of 0.5Mbyte is evaluated. In each figure, we compare the throughput gain in uplink or downlink between fixed TDD UL/DL configuration and dynamic TDD UL/DL configuration with 10ms time scale and 640ms time scale. For Fixed TDD UL/DL configuration, all Pico cells use the same reference TDD UL/DL configurations. For dynamic TDD UL/DL configuration, each Pico cell applies adaptive TDD UL/DL configuration according to its own traffic variation in UL and DL. In this simulation, there is no interference mitigation scheme adopted for dynamic TDD UL/DL configuration. The detailed simulation assumptions and parameters are listed in Annex.
In Figure 1, the traffic arrival rate of DL is equal to that of UL. For each λ value, we can see dynamic TDD with 10ms reconfiguration time scale has gain in both DL and UL due to better match the traffic fluctuation of DL and UL. In case of low or medium traffic load, the gain in DL is up to 150%. In high traffic load, the performance difference for different reconfiguration time scales is less significant. For dynamic TDD with 640ms reconfiguration time scale, it has slight gain in DL and loss in UL compared to fixed TDD configuration. It is because 640ms reconfiguration time scale may not well match the fluctuation of DL and UL traffic. Thus the gain is diminished.
In Figure 2, dynamic TDD with 10ms and 640ms reconfiguration scales has gain in DL with the ratio of DL and UL arrival ratio equal to 2:1. However, there is throughput loss in UL compare to fixed TDD configuration 1. For TDD UL/DL configuration 1, it provides more UL subframes compared to the traffic case (DL:UL=2:1). Since some DL-heavier TDD UL/DL configuration may be selected to adapt DL traffic in dynamic TDD reconfiguration, fixed TDD configuration 1 shows the best performance in term of UL throughput.
In Figure 3, the reference TDD UL/DL configuration is TDD configuration 2, which provides DL-heavy configuration (subframe ratio of DL:UL is slightly larger than 3:1 with the consideration of PDSCH in special subframe). For traffic arrival ratio of DL to UL is 2:1, fixed TDD configuration 2 provides a bit aggressive DL subframes than practical requirement. In that sense, UL resource is restricted for data transmission. Therefore, we can see dynamic TDD with 10ms reconfiguration time scale has gain in both downlink and uplink and the gain in UL is more significant than that in DL since dynamic TDD can adaptively select some UL-heavier configuration for UL data transmission compared to fixed TDD configuration 2.
In Figure 4, the reference TDD UL/DL configuration is still TDD configuration 2, which provides DL-heavy configuration (subframe ratio of DL:UL is slightly larger than 3:1 with the consideration of PDSCH in special subframe). For traffic arrival ratio of DL to UL is 4:1, fixed TDD configuration 2 seems a bit restricted resource for DL transmission. Therefore, dynamic TDD with 10ms reconfiguration time scale has gain in both downlink and uplink since dynamic TDD can adaptively select some UL-heavier configuration for UL data transmission or DL-heavier configuration for DL data transmission compared to fixed TDD configuration 2. 
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Figure 1: performance gain between dynamic TDD reconfiguration and reference TDD Conf#1 (0.5Mbyte file size, DL:UL=1:1)
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Figure 2: performance gain between dynamic TDD reconfiguration and reference TDD Conf#1 (0.5Mbyte file size, DL:UL=2:1)
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Figure 3: performance gain between dynamic TDD reconfiguration and reference TDD Conf#2 (0.5Mbyte file size, DL:UL=2:1)
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Figure 4: performance gain between dynamic TDD reconfiguration and reference TDD Conf#2 (0.5Mbyte file size, DL:UL=4:1)
5. Conclusion
In this contribution, we performed the simulation to evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation in the multiple-outdoor Pico cell scenario. According to performance evaluation results in this multi-cell scenario, we could obtain the following observation:
Observations: 
· High performance gain in terms of cell average packet throughput when reconfiguration period is set to 10ms, compared with the case of fixed TDD UL-DL reconfiguration (i.e., infinity).
· The amount of performance gain is dependent on the evaluation cases.

· General speaking, shorter UL-DL reconfiguration time scale provides better performance.

· The performance gain is mainly observed in the low or medium cell traffic load region.
· The performances for different reconfiguration time scales are converged with the increase of cell traffic load.
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Annex:
The system simulation parameters proposed for LTE_TDD_eIMTA evaluation in multi-cell scenario are summarized in Table A-1 and Table A-2.

Table A-1: System simulation parameters
	Parameter
	Values used for evaluation

	Scenarios
	Co-channel outdoor Pico-outdoor Pico cells        

	Traffic model
	Same traffic generation methodology and arriving rate as agreed in isolated cell case [R1-120080], independent traffic generation per cell. Same arriving rate for all the cells                               

	Evaluation metrics
	DL and UL metrics collected separately
Cell average packet throughput

UE average packet throughput

{5%, 50%, 95%} user throughput

	Time scale for reconfiguration
	Infinity, i.e. no reconfiguration
Reconfiguration every 10ms, 640ms

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

	HARQ modelling
	Ideal HARQ modelling, i.e. the first available subframe after 8ms is used for retransmission. 

	HARQ retransmission
	Chase combining

	Antenna configuration
	Pico: 1 Tx, 2 Rx  UE: 1 Tx, 2Rx

	Supported modulation 
	QPSK, 16QAM and 64QAM in UL & DL

	Adaptation method of DL/UL configuration 
	Select TDD UL/DL configuration according to UL/DL traffic ratio

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8

	Small scaling fading channel
	Not modelled

	Special subframe configuration
	Configuration#8 (DwPTS:GP:UpPTS=11:1:2)

	Packet scheduling
	Round Robin

	Number of users per Pico cell
	10

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz


Table A-2: simulation parameters for outdoor Pico

	Parameter
	Values used for evaluation

	Pico deployment
	Random deployment with a radius of 40 m

	Number of Pico cells per sector
	4

	Minimum distance between outdoor Pico cells
	40m

	Pico antenna gain
	5 dBi

	Pico antenna pattern


	2D, Omni-directional

	Pico noise figure
	13 dB

	Maximum Pico Tx power
	24dBm

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	UE power class
	23 dBm (200 mW)

	Minimum distance 
between UE and Pico
	10 m

	Number of UEs per Pico cell
	10

	Shadowing standard deviation between outdoor Pico cells
	6dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS

	Outdoor Pico to outdoor Pico 
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) [ free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]
NLOS: PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probobility of Relay-UE case1]

	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)) [36.814: table A.2.1.1.2-3 Pico-UE]

	UE to UE
	If R<=50m, PL=98.45+20*log10(R), R in km
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)
[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]


