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6
Performance evaluation 
[Editor’s notes: This section captures the RAN1 evaluations on the benefits of TDD UL-DL reconfiguration based on traffic adaptation.]

6.1 
Methodologies
To evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation at least in terms of performance and energy saving, the following metrics can be used:
· 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, e.g.

· Packet drop statistics
· Packet delay statistics
· Frequency resource (PRBs) utilizations
· Time resource (subframes) utilizations
· CDF of packet throughput

· Total number of configured DL/UL subframes
The gain of TDD UL-DL reconfiguration is assessed by comparing its performance relative to a fixed reference TDD UL-DL configuration, where the gain is evaluated over different fixed reference TDD UL-DL configurations and different downlink/uplink traffic loads. Downlink and uplink transmissions are evaluated in an integrated simulator, with metrics collected separately for downlink and uplink. Different time scales for TDD UL-DL reconfiguration are also evaluated to show its impact on the performance. 
6.2 
Scenario 1: Isolated pico cell
This section captures the simulation assumptions and evaluation results for the isolated pico cell scenario. The evaluation assumptions are shown in Table 6.2-1. Table 6.2-2 lists the additional evaluation assumptions which may be specific to each source.

Table 6.2-1: Evaluation assumptions for isolated pico cell scenario

	Parameters
	Assumptions

	Pico deployment
	single cell , with a radius of 40 m

	Pico antenna gain
	5 dBi

	Pico antenna pattern
	2D, Omni-directional

	Pico noise figure
	13 dB

	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
	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

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Maximum pico TX power
	30 dBm

	Traffic model
	· FTP model 1 in TR36.814
· Poisson distributed with arrival rate λ

· Number of UEs according to the simulated scenario

· A packet is randomly assigned to a UE with equal probability

· Independent traffic modeling for DL and UL per UE
· Fixed size of 0.5Mbytes and 2Mbytes 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. 

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or
TDD UL-DL reconfiguration every 10ms, 200ms, or 640ms,

	Fixed reference TDD UL-DL 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}

	HARQ modeling and HARQ retransmission
	Not modeled

	eNB antenna configuration
	1 Tx, 2 Rx

	UE antenna configuration
	1 Tx, 2 Rx

	System bandwidth
	10 MHz

	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 modeled

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations

	Small scale fading
	Not modeled

	Carrier frequency
	2 GHz

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is either not modeled or modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}


6.3 
Scenario 2: Multi-cell pico scenario
This section captures the simulation assumptions and evaluation results for the multi-cell pico scenario. The evaluation assumptions are shown in Table 6.3-1. Table 6.3-2 lists the additional evaluation assumptions which may be specific to each source.

Table 6.3-1: Evaluation assumptions for multi-cell pico scenario
	Parameters
	Assumptions

	Scenario
	Co-channel and multiple pico cells

	System bandwidth
	20 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment

	The typical 19-cell and 3-sectored hexagon system layout

Note that macro cells are deployed but not activated    

	Pico deployment
	40m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between UE and pico
	10 m

	Pico antenna pattern
	2D, Omni-directional

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Maximum pico TX power
	24 dBm

	UE power class
	23 dBm (200 mW)

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

	Shadowing standard deviation between  outdoor Pico cells
	6 dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between picos
	0.5

	Pico-to-pico pathloss
	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] 

Case1: 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]

	Pico-to-UE pathloss
	PLLOS(R)=103.8+20.9log10(R)    
PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km 

Case1: 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 pathloss
	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]

	Traffic model
	· FTP model 1 in TR36.814
· Poisson distributed with arrival rate λ

· Number of UEs according to the simulated scenario

· A packet is randomly assigned to a UE with equal probability

· Independent traffic modeling for DL and UL per UE
· Fixed size of 0.5Mbytes and 2Mbytes 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. 

· Independent traffic generation per cell
· Same arriving rate for all the cells

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or

TDD UL-DL reconfiguration every 10ms, 200ms, or 640ms,

	UE antenna configuration
	1 Tx, 2 Rx

	Fixed reference TDD UL-DL configurations
	· 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 modeled

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is either not modeled or modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}

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


6.x 
Scenario x

[Editor’s note: This section shall include the simulation assumptions and evaluation results for scenario x]
6.x+1 
Summary

--------------- end of text proposal ---------------------------------
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