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1 Introduction
In RAN1#68bis, evaluation results on TDD UL-DL reconfiguration for multiple Pico cells and next steps for evaluations for RAN1#69 were agreed, which is evaluations with macro cells  included in multiple pico cell scenario, especially for co-channel deployment [1]. In this contribution, we provide our evaluation results for this scenario. 
2 Discussions 
2.1 Evaluation methodologies and assumptions
The evaluations are performed based on the agreed simulation assumptions in [2], in which some methodologies or parameters are left as determined by each company.  In the evaluation we used set-1 assumptions, details are as the following. We did the same as in [3] for other methodologies and parameters left by companies’ choice.
· TU fast fading is modeled in the evaluations

·  (2Tx, 2Rx) is selected as Macro and Pico antenna configuration.

· Codebook-based SU-MIMO with fixed rank1 is applied

· DL CSI feedback

· PUCCH mode 1-1, wideband CQI/PMI reported every 10ms

· Ideal CSI measurement is assumed in subframe#0
· A minimum 5ms CSI feedback delay is modeled 

· Error free feedback
· UL CSI feedback

· 1 symbol SRS per 10ms 

· UL CSI based on ideal channel estimation and ideal interference estimation in subframe#2
· A minimum 5 ms CSI delay is modeled
· Fixe configuration 1 is used for Macro cells and UL-DL reconfiguration is only applied in Pico cells

· DL and UL traffic were modeled as the following

· Three traffic load with DL arriving rate of {0.5, 1.5, 2,5}
· Two DL/UL traffic ratio of {2/1, 4/1}
· Same traffic load and DL/UL ratio for all Macro and Pico cells
Other simulation parameters are listed in Table A-1, Table A-2 and TableA-3.
2.2 Evaluation results
In this section we provide evaluation results for the following metrics

· UL/DL cell average packet throughput

· UL/DL UE average packet throughput

· DL subframe utilization

· DL configured subframes

In order for better understanding, we collected the performance for Macro and Pico cells separately. 0.5Mbytes FTP file size is assumed. Only 10ms time scale is evaluated for Pico cell UL-DL reconfiguration and no interference mitigation scheme are modeled.
· Evaluation results for Macro cells
Figure 1 shows the DL/UL cell average packet throughput for Macro cells for different traffic conditions, with and without UL-DL reconfiguration in Pico cells. Fixed TDD configuration #1 is used in Macro cells. CDF of UE average packet throughput for Macro cells are shown in figure A-1~A-3.
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Figure 1: Macro cell DL/UL cell average packet throughput
Looking at the above results, we have following observations

· Almost the same DL packet throughput is observed in Macro cells with or without UL-DL reconfiguration in Pico cells.
· Severe UL packet throughput loss in Macro cells is observed when UL-DL reconfiguration is applied in Pico cells or when Pico cells are transmitting on more DL subframes than Macro cells. This is because the very strong BS-BS interference from Pico cells to Macro cells.
· Evaluation results for Pico cells
Figure 2 shows the DL/UL cell average packet throughput for Pico cells for different traffic conditions, with and without UL-DL reconfiguration in Pico cells. Fixed TDD configuration #1 is used in Macro cells. Figure 3 shows the DL resource utilization and configured subframes in Pico cells. CDF of UE average packet throughput for Pico cells are shown in figure A-4~A-6.
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Figure 2: Pico cell DL/UL cell average packet throughput 
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Figure 3: Pico cell DL subframe utilization and configured subframes
Looking at the above results, we have the following observations 

· On packet throughput 
· Improved DL packet throughput for Pico can be observed in Pico cells when UL-DL reconfiguration is applied compared to the reference configuration which is not DL heavy. i.e.same TDD configuration #1 with Macro cells. The improvement can only be observed in low cell traffic loads.
· There can be some UL packet throughput gain for Pico cells by UL-DL reconfiguration in low traffic load, compared to when Pico cells are fixed to a DL heavy TDD configuration, e.g. configuration #2. However, significant loss exists compared to when Pico cells are fixed to the same TDD configuration with Macro cells, i.e. configuration #1. This is because the strong BS-BS interference from Macro cells to Pico cells.
· On energy efficiency
· Improved DL subframe utilization is observed in Pico cells by UL-DL reconfiguration. 
· Less DL subframes are configured by UL-DL reconfiguration, especially for low traffic load.
In the evaluations of Pico only multiple cells scenario [3], significant packet throughput gain can be obtained by UL-DL reconfiguration. However, when Macro cells are included, BS-BS interference between Macro cells and Pico cells can be more severe so that uplink performance degrades is significantly for both Macro and Pico cells.
The BS-BS interference level has been extensively studied in RAN4 [4] [5]. Evaluation results show that when Pico-Pico interference can be efficiently controlled by proper interference mitigations when Macro cells are not included, without degrades the UL-DL reconfiguration flexibility. However, when co-channel Macro cells are included, BS-BS interference between Macro and Pico can be too high even when UL-DL reconfiguration can be done in very few number of Pico cells. Therefore it is very challenge to apply UL-DL reconfigurations in Pico cells when co-channel Macro cells are deployed and the overall network packet throughput performance can hardly outperforms the case without UL-DL reconfigurations, even when interference mitigation are considered.
3 Conclusions
In this contribution, we provide the evaluation results for UL-DL reconfiguration in multiple outdoor pico cells with inclusion of co-channel macro cells. Obvious challenge is observed to apply UL-DL reconfiguration in Pico cells due to the very strong BS-BS interference between Macro and Pico cells. Evaluations for adjacent channel Macro-Pico scenario can be found in our companion contribution [6].
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5 Appendix

5.1 Simulation assumption
Table A-1: Macro-cell system assumptions for multiple Pico cells with inclusion of co-channel Macro cells

	Parameter
	Assumption

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

	Inter-site distance
	500m

	Macro transmission power
	46dBm

	Macro antenna gain
	15dBi

	Macro antenna pattern
	[image: image7.emf](


)


ú


ú


û


ù


ê


ê


ë


é


÷


÷


ø


ö


ç


ç


è


æ


-


=


m


dB


A


A


,


12


min


2


3


q


q


q




 

































 

m

dB

A A , 12 min

2

3









[image: image8.wmf]3

dB

q

 =  65 degrees, Am = 20 dB (65 degree horizontal beamwidth)    

	Macro noise figure
	5dB

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE power class
	23dBm(200mW)

	Minimum distance between UE and Macro
	35m

	Number of UE 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)

	User distribution
	Cluster, Photspot=2/3

	Number of Pico cells per sector
	4

	Minimum distance between Pico and Macro
	75m

	Shadowing standard deviation between Pico and Macro
	6dB

	Shadowing correlation between Pico and Macro
	0.5

	Shadowing standard deviation between UE and Macro
	8dB

	Penetration loss between UE and Macro 
	w/o

	Pathloss of Macro to UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R) 

For 2GHz, R in km.

Case1:Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) 

	Pathloss of Macro to 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) 


Table A-2: Pico-cell system assumptions for multiple Pico cells with inclusion of co-channel Macro cells
	Parameter
	Assumption

	Pico deployment
	single cell with a radius of 40 m

	Pico transmission power
	24dBm

	Pico antenna gain
	5dBi

	Pico antenna pattern
	2D,Omni-directional

	Pico noise figure
	13dB

	Minimum distance between UE and Pico
	10m

	Number of UE per Pico cell
	10

	Shadowing standard deviation between  Picos
	6dB 

	Shadowing correlation between Picos
	0.5

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

	Shadowing correlation between UEs
	0

	Penetration loss between UE and Pico
	w/o

	Pathloss of Pico to Pico
	LOS: 
if R<2/3 km, 
PL(R)=98.4+20log10(R)                                            
else, 
PL(R)=101.9+40log10(R), R in km 

NLOS: PL= 40log10(R)+169.36, R in km 

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

	Pathloss of Pico to UE
	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)) 

	Pathloss of 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)


Table A-3 Simulation assumptions for multiple Pico cells with inclusion of co-channel Macro cells
	Parameters
	Assumptions

	Deployment scenario
	19*3 Macro, 4 picos per Macro

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	eNB antenna configuration
	2Tx, 2Rx (codebook-based SU-MIMO and fixed rank 1 transmission)

	UE antenna configuration
	1Tx 2Rx

	Reconfiguration time scale 
	Every 10ms

	Metric
	DL and UL metrics collected separately, 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

-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%} UE average packet throughput

- from the CDF of average packet throughput from all UEs
-Time resource (subframes) utilizations
-Configured subframes

	Traffic model
	· FTP model 1 in 36.814
· Fixed packet size of 0.5M
· Poisson distributed with arrival rate λ

· 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
· Both low and high load cases shall be covered, value of lamda is selected within the value range

	Reference UL-DL configurations


	Case1: TDD UL-DL configuration 1 for Macro and TDD UL-DL configuration 1 /2for Pico with ratio of DL and UL arrival rate = {2/1}
Case2: TDD UL-DL configuration 1 for Macro and TDD UL-DL configuration 1/2 for Pico with ratio of DL and UL arrival rate = {4/1}

	Small scaling fading channel
	Pico-UE/UE-Pico: TU 

Macro-UE/UE-Macro: TU 

UE-UE:  large fading multiplied by Rayleigh parameter;

Pico-Pico: large fading multiplied by Rayleigh parameter.

Macro-Pico/Pico-Macro: large fading multiplied by Rayleigh parameter

	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#0
-- A minumum 5ms CSI feedback delay is modeled 

-- Error free feedback

	UL CSI feedback
	UL CSI modeled as following

--1 symbol SRS per 10ms 

-- UL CSI based on ideal channel estimation and ideal interference estimation in the SRS subframe#2
-- A minimum 5 ms CSI delay is modeled

	Channel estimation
	Ideal

	Special subframe configuration
	Special subframe configuration #8 shall be assumed in the evaluations

	Packet Drop Time 
	8s for 0.5MB 

	Evaluation methodology
	· Joint DL and UL simulation in one simulator

· Independent packet generation for DL and UL

· One of the 7 Rel-8 TDD UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes

	Scheduler
	· First-in-first-out packet scheduler

· Full bandwidth assignment, i.e. without frequency selective scheduling

· MCS selection by the large scale channel quality.

	HARQ and ARQ
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms
· Chase Combining with maximum 4 transmissions
· Retransmission by high layer till TB is received correctly


5.2 Evaluation results on UE average packet throughput 
CDF of UE average packet throughput for Macro cells are shown in figure A-1~A-3.
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Figure A-1: Macro cell UE average packet throughput, DL Lamda=0.5
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Figure A-2: Macro cell UE average packet throughput, DL Lamda=1.5
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Figure A-3: Macro cell UE average packet throughput, DL Lamda=2.5

CDF of UE average packet throughput for Pico cells are shown in figure A-4~A-6.
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Figure A-4: Pico cell UE average packet throughput, DL lamda=0.5
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Figure A-5: Pico cell UE average packet throughput, DL lamda=1.5
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Figure A-6: Pico cell UE average packet throughput, DL lamda=2.5
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