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1 Introduction
In RAN#54, a work plan was agreed for the resumption of the Study on Further Enhancements to LTE TDD for UL-DL Interference Management and Traffic Adaptation, in both RAN1 and RAN4. The first phase targets evaluation of the isolated cell scenario based on the agreed simulation assumptions. 
In this contribution, we provide a performance evaluation to compare the performance among various reconfiguration schemes (i.e. fixed UL-DL configuration, 640 ms reconfiguration and 10 ms reconfiguration) based on the simulation assumptions agreed in email discussion [2].
2 Simulation assumptions
We consider an isolated picocell, and table 1 below captures the simulation assumptions to construct the pico UE distribution within the cell, illustrated in figure 1.
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Fig. 1: UE distribution in Pico cell
Table 1: System simulation parameters for isolated outdoor pico Evaluation
	Parameter
	Values used for evaluation

	General 
	Parameters and assumptions are aligned with agreed simulation parameters in [1] and the following update agreed in email discussions [2]

	Specific parameter
	Values

	Deployment scenario
	Minimum Distance: Applicable to all the channel models
· Pico radius : = 40m

· Pico – UE : > 10m

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	Simulation case
	ITU-UMi for pico with 30dBm Tx-power

	Simulation methodology
	DL and UL in an integrated simulator

	Antenna configuration at eNB & UE
	eNB (1 Tx, 2 Rx), UE (1 Tx, 2 Rx)

	Traffic model
	FTP model 1 in 3GPP 36.814:

· File size = {0.5} Mbytes

· Poisson distributed with arrival rate λ

· Possible range of λ for DL: [0.5, 2, 2.5] for 0.5 Mbytes 

· Number of UEs according to the simulated scenario, e.g. 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

	Reference TDD configuration
	TDD UL-DL configuration 1

· for ratio of DL and UL arrival rate = {1/1, 2/1}

	Set of TDD UL-DL configurations
	Seven configurations supported

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

	HARQ
	Not modeled

	Transmission schemes in DL & UL
	SIMO

	Receiver (downlink and uplink)
	MMSE (both)

	DL power control
	Average power

	UL power control
	Open loop power control

	Channel estimation
	Ideal CSI

	SRS periodicity
	5ms

	Scheduler
	PF

	Packet drop time
	8 seconds for 0.5MB file

	Small scale fading 
	Not modelled

	Link adaptation
	Same MCS selection for UL and DL with 10% BLER, assuming ideal CSI


In our simulation evaluation, we adopt three reconfiguration schemes:
1. Traditional UL-DL configuration without reconfiguration

2. Semi-static UL-DL reconfiguration based on upper layer per 640ms time scale.
3. Dynamic UL-DL reconfiguration based on physical layer, with a reconfiguration timescale of 10 ms, to show the upper bound of UL-DL reconfiguration performance with ideal physical layer signalling.
The UL-DL reconfiguration algorithm tightly depends on scheduling implementation, which affects the final performance evaluation in accordance with scheduling synchronization and reconfiguration accuracy for UL-DL traffic adaptation. In this contribution, we combine downlink buffer status and UL/DL spare resource ratio in the previous timescales to decide the choice of UL-DL configuration.
3 Simulation Results
The results here are for 0.5MB file size and provided in three groups:
1. Group one: low packet arrival rate (λ = 0.5)
· DL file size 0.5MB, UL file size 0.5MB, TDD UL-DL configuration 1, DL arrival rate 0.5, UL arrival rate 0.5, Infinity time scale
· DL file size 0.5MB, UL file size 0.5MB, Initial TDD UL-DL configuration 1, DL arrival rate 0.5, UL arrival rate 0.5, Reconfiguration per 640ms time scale

· DL file size 0.5MB, UL file size 0.5MB, Initial TDD UL-DL configuration 1, DL arrival rate 0.5, UL arrival rate 0.5, Reconfiguration per 10ms time scale

2. Group two: medium packet arrival rate (λ = 2.5)
· DL file size 0.5MB, UL file size 0.5MB, TDD UL-DL configuration 1, DL arrival rate 2.5, UL arrival rate 2.5, Infinity time scale
· DL file size 0.5MB, UL file size 0.5MB, Initial TDD UL-DL configuration 1, DL arrival rate 2.5, UL arrival rate 2.5, Reconfiguration per 640ms time scale
· DL file size 0.5MB, UL file size 0.5MB, Initial TDD UL-DL configuration 1, DL arrival rate 2.5, UL arrival rate 2.5, Reconfiguration per 10ms time scale

3. Group three: Mismatch between UL-DL configuration type 1 (i.e. the ratio of UL and DL subframe is 1/1) and the ratio of UL-DL arrival rates (i.e. 1/2); the aim here is to evaluate in the aim of the study item [3]: “RAN1 should evaluate the benefits of uplink-downlink re-configuration dependent upon traffic conditions”. The reconfiguration may be to any of the seven TDD configurations. 
· DL file size 0.5MB, UL file size 0.5MB, TDD UL-DL configuration 1, DL arrival rate  2, UL arrival rate 1, Infinity time scale
· DL file size 0.5MB, UL file size 0.5MB, Initial TDD UL-DL configuration 1, DL arrival rate 2, UL arrival rate 1, Reconfiguration per 640ms time scale
· DL file size 0.5MB, UL file size 0.5MB, Initial TDD UL-DL configuration 1, DL arrival rate 2, UL arrival rate 1, Reconfiguration per 10ms time scale
For every configuration above, we provide 84 drops in a single pico cell. Each drop contains 10 users. The simulation duration per drop is 4000 subframes.
In order to calibrate with other companies’ simulation results, we plot user’s downlink wideband geometry for pico user distribution in figure 2. We also provide the CDF of UE file arrival rate 0.5 in figure 3. 
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Fig.2: Distribution of downlink wideband SNR (geometry) at isolated pico cell
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Fig.3: Distribution of UE file arrival rate
· Simulation results of group one (packet arrival rate 0.5)
Table 2: Performance of various schemes for TDD UL-DL adaptation with file size 0.5MB and arrival rate λ 0.5
	Schemes
	Uplink Traffic (Mbps)
	Downlink Traffic (Mbps)

	
	Average UE
	5% UE
	95% UE
	Average Cell
	PRB utilization
	Average UE
	5% UE
	95% UE
	Average Cell
	PRB utilization

	Fixed Cnf1, UL/DL Arrival ratio (1:1), No reconfiguration 
	19.12
(Ref)
	10.47

(Ref)
	22.10

(Ref)
	2.04
(Ref)
	0.11
	19.74
(Ref)
	11.14
(Ref)
	22.35
(Ref)
	2.44
(Ref)
	0.12

	Initial Cnf1, UL/DL Arrival ratio (1:1), Reconfiguration every 640ms
	19.37
(1%)
	8.20
(-22%)
	30.77
(39%)
	2.38
(17%)
	0.12
	20.60
(4%)
	10.03
(-10%)
	32.52
(46%)
	2.33
(-5%)
	0.11

	Initial Cnf1, UL/DL Arrival ratio (1:1), Reconfiguration every 10ms
	27.67
(45%)
	17.32
(65%)
	32.00
(45%)
	2.30

(13%)
	0.12
	36.70
(86%)
	21.28
(91%)
	42.11
(88%)
	2.56
(5%)
	0.12


Note: 

UE throughput = file size/time needed to download correctly, including packet waiting time in the buffer

Average cell =  success_rx_file_num * file_size / simulation_duration / pico_num
According to the simulation results in table 2, from the point of view of the cell, we find there is no evident performance gain for low arrival rate (i.e. lower resource utilization) with an UL-DL configuration (here UL-DL Configuration 1: the ratio of UL and DL subframe is 1/1) that is matched to the ratio of UL-DL arrival rate (e.g. 1/1).  The performance of the semi-static reconfiguration in particular approaches the performance of the fixed configuration. 
However, faster reconfiguration can track the UL-DL traffic fluctuations quickly to shorten the user transmission delay, so that it can give a significant improvement for both average UE throughput and 5%/95% UE throughput (e.g. average UE throughput: UL 27.67/19.12 = 45% gain, DL 36.70/19.74 = 86% gain). For semi-static reconfiguration, although the average UE throughput shows a performance gain, the 5% UE performance is affected by scheduling synchronization and reconfiguration accuracy for UL-DL traffic fluctuation adaptation (e.g. 8.20/10.47 = -22% loss).
· Simulation results of group two (packet arrival rate 2.5)
Table 3: Performance of various schemes for TDD UL-DL adaptation with file size 0.5MB and arrival rate λ 2.5
	Schemes
	Uplink Traffic (Mbps)
	Downlink Traffic (Mbps)

	
	Average UE
	5% UE
	95% UE
	Average Cell
	PRB utilization
	Average UE
	5% UE
	95% UE
	Average Cell
	PRB utilization

	Fixed Cnf1, UL/DL Arrival ratio (1:1), No reconfiguration 
	15.76
(Ref)
	5.57
(Ref)
	21.98
(Ref)
	9.06
(Ref)
	0.47
	16.18
(Ref)
	5.67
(Ref)
	22.22
(Ref)
	9.31
(Ref)
	0.47

	Initial Cnf1, UL/DL Arrival ratio (1:1), Reconfiguration every 640ms
	17.08
(8%)
	5.77
(4%)
	30.08
(37%)
	9.40
(4%)
	0.48
	16.98
(5%)
	5.56
(-2%)
	33.61
(51%)
	9.38
(1%)
	0.45

	Initial Cnf1, UL/DL Arrival ratio (1:1), Reconfiguration every 10ms
	21.34
(35%)
	7.65
(37%)
	31.25
(42%)
	9.65
(7%)
	0.51
	27.50
(70%)
	9.93
(75%)
	41.24
(86%)
	10.10
(8%)
	0.47


Note: 
UE throughput = file size/time needed to download correctly, including packet waiting time in the buffer

Average cell =  success_rx_file_num * file_size / simulation_duration / pico_num
From the simulation results in table 3 we can observe: resource utilization increases with higher file arrival rate; UE throughput decreases with longer download delay time due to more resource competition from higher file arrival rate. Although high file arrival rate is used in this simulation group, the cell performance does not show significant gain because of low physical resource utilization (i.e. less than 50%). For semi-static reconfiguration compared with fixed configuration, the average UE performance shows a small gain for both uplink and downlink. In addition, we also find that the 5% UE throughput gap becomes small (e.g. 5.56/5.67 = -2% loss), because higher file selection with higher file arrival rate reduces resource waste generating from the loss of scheduling synchronization and reconfiguration accuracy for UL-DL traffic fluctuation adaptation.
For the case of dynamic reconfiguration, considerable performance gain is observed for UE performance even though the file arrival rate is high.

· Simulation results of group three (mismatched UL/DL configuration and UL/DL arrival rates)
Table 4: Performance of various schemes for TDD UL-DL adaptation with file size 0.5MB and the ratio of arrival rate λ 1/2
	Schemes
	Uplink Traffic (Mbps)
	Downlink Traffic (Mbps)

	
	Average UE
	5% UE
	95% UE
	Average Cell
	PRB utilization
	Average UE
	5% UE
	95% UE
	Average Cell
	PRB utilization

	Fixed Cnf1, UL/DL Arrival ratio (1:2), No reconfiguration 
	18.06
(Ref)
	9.41
(Ref)
	21.98
(Ref)
	4.12

(Ref)
	0.22
	17.88
(Ref)
	7.45
(Ref)
	22.10
(Ref)
	8.11

(Ref)
	0.40

	Initial Cnf1, UL/DL Arrival ratio (1:2), Reconfiguration every 640ms
	17.52
(-3%)
	6.70
(-29%)
	29.63
(35%)
	3.98
(-3%)
	0.22
	21.25
(19%)
	7.95
(7%)
	38.46
(74%)
	8.23
(1%)
	0.35

	Initial Cnf1, UL/DL Arrival ratio (1:2), Reconfiguration every 10ms
	24.35
(35%)
	12.12
(29%)
	31.25
(42%)
	3.97
(-4%)
	0.23
	33.73
(89%)
	17.32
(132%)
	42.11
(91%)
	8.97
(11%)
	0.38


Note: 

UE throughput = file size/time needed to download correctly, including packet waiting time in the buffer

Average cell =  success_rx_file_num * file_size / simulation_duration / pico_num
Simulation group 3 gives us more useful information. For the case of a mismatch between UL-DL configuration (e.g. UL-DL Configuration 1: the ratio of UL and DL subframe is 1/1) and the ratio of UL-DL arrival rates (e.g. 1/2), semi-static reconfiguration cannot bring stable performance gain for both uplink and downlink at the same time. This is because semi-static reconfiguration cannot track the UL-DL traffic fluctuations quickly enough, so it can result in longer file delay time for some situations.
For this mismatched scenario, faster dynamic reconfiguration can still bring significant performance gain for both uplink and downlink. (I.e. UL 24.35/18.06 = 35% gain; DL 33.73/17.88 = 89% gain).
4 Conclusions
The evaluations presented here show that cell throughput is not significantly affected by dynamic reconfiguration when the resource utilization is low (e.g. 50%).

With regard to UE throughput, if the ratio of UL-DL file arrival rate is stable during a long time, then long-term (higher-layer) reconfiguration is acceptable considering the cost of implementation; for rapidly fluctuating traffic, more dynamic reconfiguration could be considered. 
Further study is needed with a practical environment (i.e. inter-cell interference) instead of the isolated outdoor pico cell assumption. In the practical environment, solving inter-cell interference directly affects the performance of dynamic reconfiguration. 
5 Reference

[1] R1-112884, “Summary of email discussion on simulation assumptions for study on further enhancements to LTE TDD for DL-UL interference management and traffic adaptation” Email discussion rapporteur (CATT), 3GPP TSG-RAN #66, Athens, Greece, August 2011
[2] R1-120080, Summary of email discussion on FS_LTE_TDD_eIMTA
[3] RP-110450, “Further enhancements to LTE TDD for DL-UL interference management and traffic adaptation,” CMCC, Ericsson, ST-Ericsson, 3GPP TSG-RAN #51, Kansas City, USA, March 2011





















































































































Page 1

_1389511033.vsd
�


