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1 Introduction
In RAN1#69, many companies provided their evaluation results under the assumption set 1 (more realistic) or set 2 (simplified) [1] on TDD UL-DL reconfiguration for multiple outdoor pico cell scenario with macro layer included and discuss the methods to support different time scales. Their evaluation results show that the reconfiguration methods significantly affect the performance of packet throughput, and many companies agree that the MAC signaling based scheme with time scale of adaptation on the order of a few tens of ms is a promising solution to indicate a reconfiguration. In this document, we provide evaluation results under the more realistic assumption set with 10, 30, and 200 ms reconfiguration periods to discuss the difference between a few tens of ms time scale and other time scales in terms of packet throughput average packet delay on TDD UL-DL reconfiguration for multiple outdoor pico cell scenario with and without macro layer included. Moreover, we also provide evaluation results under the more realistic assumption set with normal CSI feedback and ideal CSI feedback to discuss the requirement of CSI feedback enhancement.
2 Evaluations and discussions
2.1 Reconfiguration method
In this document, the reconfiguration method is based on the data currently in the buffer and the historical traffic load both, and dynamically adapts the weights of the data currently in the buffer and the historical traffic load in the reconfiguration method for improving the performance.
2.2 Evaluation methodologies and assumptions
Our evaluations are performed based on the agreed simulation assumptions in [1], in which some methodologies or parameters are left as determined by each company. We provide these details as the following
· Arrival rate
· Ratio of DL/UL arriving rate 2/1, comparison with TDD configuration #1, DL arriving rate = {0.5, 1, 1.5, 2}
· Fast fading is TU in the evaluations
· The scheduler is FIFO
· Retransmission model

· HARQ is modeled with maximum 4 transmissions and chase combining. A HARQ ACK/NACK is transmitted in the first available subframe after 4ms and the retransmission can happen in the first available subframe after another 4ms. In addition, a TB will be put back to the front of the data buffer if the TB has been retransmitted over the maximum number of HARQ retransmissions.
Other detailed parameters are listed in Table A.
2.3 Evaluation results
In this section we provide evaluation results with the following performance metrics
· UL/DL cell average packet throughput
· UL/DL average packet delay
Note that “RC:10ms” means that the TDD UL-DL is reconfigured and the reconfiguration period is 10ms and “IRC:10ms” means “RC:10ms” with ideal CSI feedback which is immediately measured and reported without any feedback delay.
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Figure 1: UL/DL cell average packet throughput of multiple outdoor pico cell scenario
 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 



Figure 2: UL/DL cell average packet throughput of multiple outdoor pico cell scenario
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Figure 3: UL/DL average packet delay of multiple outdoor pico cell scenario
 SHAPE  \* MERGEFORMAT 




 SHAPE  \* MERGEFORMAT 



Figure 4: UL/DL average packet delay of multiple outdoor pico cell scenario
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Figure 5: UL/DL cell average packet throughput of multiple outdoor pico cell scenario with macro layer included
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Figure 6: UL/DL cell average packet throughput of multiple outdoor pico cell scenario with macro layer included
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Figure 7: UL/DL average packet delay of multiple outdoor pico cell scenario with macro layer included
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Figure 8: UL/DL average packet delay of multiple outdoor pico cell scenario with macro layer included
From the above results, we have the following observations:
· On packet throughput 
· The improvement of packet throughput for TDD UL-DL reconfiguration is mainly observed in DL direction in low to medium traffic load conditions for pico cells. However, there is a significant loss in UL direction for multiple outdoor pico cell scenario with macro layer included.
· Faster TDD UL-DL reconfiguration outperforms slower TDD UL-DL reconfiguration but the difference between 10 ms and 30 ms reconfiguration time scales is very slight.
· TDD UL-DL reconfiguration with ideal CSI feedback significantly outperforms it with normal CSI feedback, especially in heavy traffic load conditions.
· On average packet delay
· TDD UL-DL reconfiguration with ideal CSI feedback reduces average packet delay, compared to TDD UL-DL reconfiguration with normal CSI feedback.
Note that UEs associating to pico cells are in very proximity of the pico cells and will emit limited power due to UL power control because of un-bias UE association. Therefore, for UE uplinks to macro cells, the interferences from the UL UEs of pico cells are much smaller than the interferences from DL pico cells.
3 Conclusions
In this contribution, we provide the evaluation results for TDD UL-DL reconfiguration with different reconfiguration time scales based on traffic conditions for multiple outdoor pico cell scenario with and without macro layer included. According to these evaluation results, we observed that faster TDD UL-DL reconfiguration outperforms slower TDD UL-DL reconfiguration but the difference between 10 ms and 30 ms reconfiguration time scales is very slight. The performance of TDD UL-DL reconfiguration with a few tens of ms time scale seems acceptable. Moreover, TDD UL-DL reconfiguration with ideal CSI feedback significantly outperforms it with normal CSI feedback, especially in heavy traffic load conditions. It is important to further investigate the performance of TDD ULDL reconfiguration with CSI feedback enhancement schemes. Therefore, we have the following observations and proposals:
Observation 1: 
The performance of TDD UL-DL reconfiguration with a few tens of ms time scale seems acceptable, compared to TDD UL-DL reconfiguration with 10 ms time scale.
Proposal 1: 
It is important to further investigate the performance of TDD ULDL reconfiguration with CSI feedback enhancement schemes.
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5 Appendix
5.1 Simulation assumption
Table A: Simulation assumptions
	Parameters
	Set 1 (more realistic)

	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]

	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
	Not modeled 

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

	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]

	
	

	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Pico antenna configuration
	2Tx, 2Rx (codebook-based SU-MIMO)

	UE antenna configuration
	1Tx, 2Rx

	Link adaptation
	MCS selection with 10% BLER

DL based on CQI/PMI/RI reports and UL based on SRS measurement"

	DL CSI feedback
	PUCCH 1-1, 10ms wideband CQI/PMI period, 40ms RI period;

Modelling of dynamic interference for RI/PMI/CQI selection.

Error free feedback

	UL Sounding
	1 symbol SRS per 10ms (Last UL symbol in subframe#1)

	Channel estimation
	Ideal

	Outdoor Pico DL power control
	Not modeled

	UE UL Power control
	open-loop : alpha = 0.8, Po= -76dBm

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

	Small scaling fading channel
	TU

	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. 

	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 generation per cell. File size is 0.5Mbytes.                           

	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.
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