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1 Introduction

In RAN#51 a new LTE Rel-11 SI “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [1] was approved. During RAN1#68 and #68bis meeting, many contributions on the evaluation results for LTE_TDD_eIMTA in isolated Pico and multi-Pico scenario were submitted. In order to further evaluate the feature of dynamic TDD UL/DL reconfiguration, the simulation parameters for evaluation in multi-cell scenario included macro layer were discussed in e-mail reflector and are agreed in [2].
In this contribution, we provide a system simulation based on the agreed simulation assumption and based on simulation result, the benefits of TDD UL-DL reconfiguration is to be discussed.
2 Simulation models and assumptions
In our simulations, TDD configuration #1 is applied for all Macro cells and Pico cells at first. More detailed system-level evaluation methods used in simulations are given below:
· Simulation cases 
· file size = 0.5 MB ,Traffic ratio of DL/UL arriving rate 2/1, DL arriving rate = {0.5, 1 }

· file size = 0.5 MB ,Traffic ratio of DL/UL arriving rate 4/1, DL arriving rate = {0.5, 1 }
· Uplink-downlink re-configuration scheme
Macro cell:
· UL-DL configurations are fixed as TDD configuration #1

Pico cell:
· When macro cells operate in DL, pico UEs will face high interference in UL transmission. To avoid these kind of situation, we preclude the configurations which marco cell is DL and pico cell is UL at the same subframe. In our simulation, macro cell use fixed TDD configuration #1, and the configurations used by pico cells can be TDD configurations # 1, 2, 4, 5 shown in Table1.
Table 1. UL-DL configuration set for pico cells
	UL-DL configuration
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


· The TDD UL-DL configurations are dynamically re-configurable in every 10ms or 640ms among the TDD UL-DL configurations shown in Table 2-1. At the start of subframe #0, pico cells will select a UL-DL configuration for the following subframes, based on amount of data in queue and amount of data transmitted 
· Scheduler
· First-in-first-out (FIFO)
· HARQ modeling

· Retransmission will be happen in the first available subframe after 8ms
· HARQ scheme: Chase combining
· Antenna configuration 

· (1Tx, 2Rx) for both UL and DL
· DL/UL power control

· UL: open loop power control with (Po, α) = (-76dBm,0.8)
· DL: fixed power
· Small scaling fading channel
· Not modeled

3 Simulation results

In this section, we provide system level evaluation results in Figure 1-4, when we operate TDD UL-DL reconfiguration, based on different reconfiguration period (fixed, 10ms, 640ms). The TDD configuration #1 is the reference case. In our simulation, packet arrival rates are assumed to {0.5, 1} for 0.5Mbyte file size.
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Figure 1: Pico cell average packet throughput (DL:UL=2:1, Reference configuration #1)
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Figure 2: Macro cell average packet throughput (DL:UL=2:1, Reference configuration #1)
[image: image5.emf]DL pico cell average packet throughput

12.1

17.2

14.3

7.1

12.2

9.2

0

2

4

6

8

10

12

14

16

18

20

fixed 10ms 640 ms

cell average packet throughput (Mbps)

lamda = 0.5

lamda = 1

 [image: image6.emf]UL pico cell average packet throughput

7.8

5

4

6.2

3.2

2.4

0

1

2

3

4

5

6

7

8

9

fixed 10ms 640 ms

cell average packet throughput (Mbps)

lamda = 0.5

lamda = 1


Figure 3: Pico cell average packet throughput (DL:UL=4:1, Reference configuration #1)
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Figure 4: Macro cell average packet throughput (DL:UL=4:1, Reference configuration #1)
Observations:
1. We can see that highest performance gain in DL is achieved when reconfiguration period is set to be 10ms, compared with other reconfiguration period. In other words, when DL traffic is heavy, pico cell will select the configuration which has higher proportion of DL subframe. Therefore, faster reconfiguration period provide more gain than slower reconfiguration period in DL. 
2. Degradation of UL performance for both macro and pico UEs are observed comparing to the reference case, while severer impact on macro UEs than pico UEs. For macro UEs, the interference level caused by pico cell’s DL transmission becomes higher because pico cell selects the UL-DL configuration with higher proportion of the DL subframe. When DL traffic is heavier and reconfiguration period is shorter, the interference becomes relatively higher, as shown in Figure 4. For pico UEs, the degradation of performance is due to the configurations with higher proportion of the UL subframe are never used.
3. The reduced set of UL-DL configurations can solve the interference problem from pico cell to macro UEs.  However, it will reduce the gain in UL due to the lack of UL traffic adaptation capabilities. Therefore, a proper interference management might be needed in the case of macro layer included in multi-pico cell scenario.
4 Conclusion
This contribution presented system simulation results of dynamic re-configuration of TDD UL-DL configuration in multi-cell scenario included macro layer. According to the simulation results, we can observe that faster reconfiguration period provide more gain than slower reconfiguration period in DL. However, Degradation of UL performance for both macro and pico UEs are observed, while severer impact on macro UEs than pico UEs. Therefore, a proper interference management could be further studied in the case of macro layer included in multi-pico cell scenario.
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Appendix
Table A: Simulation assumptions for multiple pico cell scenario
	Parameters
	Agreement

	Simulation Scenario
	Multi-pico cells with macros activated
macro and pico cells deployed on the same frequency

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m     [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout
[36.942].                            

	Outdoor Pico deployment
	40m radius, random deployment
[36.814]

	Number of Pico cells per sector
	4

	Minimum distance 
between outdoor Pico cells 
	40m
[36.814]

	Minimum distance between outdoor Pico and Macro
	75m

	Minimum distance 
between UE and outdoor Pico
	10m
[36.814]

	Minimum distance between UE and Macro
	35m
[36.814]

	Macro antenna gain
	15 dBi
[36.942]

	Macro antenna pattern
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	Outdoor Pico antenna pattern
	2D, Omni-directional [36.814]

	Outdoor Pico antenna gain
	5 dBi [36.814]

	UE antenna gain
	0 dBi [36.942]

	Macro noise figure
	5 dB [36.104]

	Outdoor Pico noise figure
	13 dB [36.104]

	UE noise figure
	9 dB [36.814]

	Macro max transmission power
	46 dBm [36.942]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	Macro DL power control
	46dbm for main evaluation. 33dbm for additional evaluation

	UE power class
	23 dBm (200 mW)
[36.814]

	 Number of UEs per Macro cell  
	Non-uniform 60UE/macro cell [Configuration 4b in 36.814] (i.e. 20 Macro UEs randomly and uniformly dropped per Macro cell)

	 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
[36.814]

	Shadowing standard deviation between  outdoor Pico and Macro
	6dB
[36.814]

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5
[36.814]

	Shadowing correlation between outdoor Pico and Macro
	0.5
[36.814]

	Shadowing correlation between Macro cells
	A shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used [36.942]

	Pathloss model
	

	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]

	Macro to UE
	PLLOS(R)=103.4+24.2log10(R)
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) [36.814: table A2.1.1.5-2 ]

	Macro to outdoor Pico
	PLLOS(R) = 100.7+23.5log10(R)
PLNLOS(R) = 125.2+36.3log10(R)
For 2GHz, R in km.
Case1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072) [36.814 table A.2.1.1.2-3 reuse the model of Macro-Relay]

	Statistics for calibration
	

	Time scale for reconfiguration
	10ms, 640ms time scale

	Scheduler
	FIFO

	Pico antenna configuration
	1Tx 2Rx 

	UE antenna configuration
	1Tx, 2Rx

	Adaptation method of UL-DL reconfiguration
	Based on amount of data in queue and amount of data transmitted  

	Link adaptation
	MCS selection with 10% BLER
DL based on CQI/PMI/RI reports and UL based on SRS measurement

	DL CSI feedback
	DL CSI modeled as following:
-- PUCCH mode 1-1, wideband CQI/PMI reported every 10ms
-- CSI reporting based on ideal channel estimation and ideal interference estimation in the reported subframe
-- A minumum 5ms CSI feedback delay is modeled 
-- Error free feedback

	
	UL CSI modeled as following
--1 symbol SRS per 10ms (Last UL symbol in subframe#1)
-- UL CSI based on ideal channel estimation and ideal interference estimation in the SRS subframe
-- A minimum 5 ms CSI delay is modeled 

	Channel estimation
	Ideal 

	Outdoor Pico DL power control
	No power control

	UE UL Power control
	Open loop power control

	Set of TDD UL-DL configurations
	4 configurations are used

	Small scaling fading channel
	Not modeled

	CP length
	Normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is 8s for 0.5MB.

	Receiver type
	MMSE receiver

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS
[ ITU-R M.2135 UMi]

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

	Reference TDD configuration
	Evaluate at least the following TDD reference configurations for Pico cell
TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = { 2/1, 4/1} 
Macro Cell TDD UL-DL configurations are fixed as TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = { 2/1, 4/1}                                                           

	HARQ retransmission scheme
	CC 

	Control channel and reference signal overhead
	DL:
• Overhead for CRS according to 36.211;
• Overhead for PDCCH: 2 OFDM symbols;
UL:
• overhead for SRS defined above;
• Overhead for PUCCH: 2 PRBs;
• Overhead for UL DMRS: 2 symbols per subframe.   

	 Shadow fading for Macro-UE link
	8dB

	Cell-UE penetration loss
	20dB

	Cell-Cell penetration loss
	0dB

	UE-UE penetration loss
	20dB
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