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1 Introduction
For the study item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [1], RAN1 is tasked to evaluate the benefits of uplink-downlink re-configuration dependent upon traffic conditions for both the isolated cell scenario and the multi-cell scenario. In last meetings, isolated cell and multi-pico cell without interference management were evaluated. The results show that flexible TDD UL-DL reconfiguration provides benefits in non-heavy cell traffic load region. 
In this contribution, macro and pico cells deployed on the same frequency are further assessed.
2 Simulations and analysis
2.1 Simulation assumption
In this simulation, DL-UL reconfiguration is evaluated with comparison to reference TDD configuration 1. Macro cell is fixed to configuration 1. Pico cell can be adaptively configured to configuration 1, 2, 4 and 5. Accordingly, when DL-UL reconfiguration for Pico is enabled, 
· For downlink, Macro UE-Pico UE will deteriorate DL performance of Pico cells, i.e. UL signal transmitted by UEs severed in macro cells can deteriorate DL performance of Pico cells in subframe #3, 7 and/or 8.

· For uplink, Pico BS to Macro BS interference can significantly deteriorate UL performance of Macro cells, i.e. DL signal transmitted by Picos can even block the UL transmission of Macro cells in subframe #3, 7 and/or 8.
The detailed simulation assumptions including evaluation scenarios, traffic model, scheduler, reconfiguration algorithm and other details are shown in Appendix A.
The following metric are used to evaluate the performance benefit of DL-UL reconfiguration. The results for Macro and Pico cells are separately provided.
· Cell average packet throughput (PT)
· {5%, 50%, 95%} packet throughput
2.2 Benefits of DL-UL reconfiguration
Cell average packet throughput and 5% packet throughput are two important metrics to evaluate the benefit of DL-UL reconfiguration, which are shown in Figure 1-2. More results including cell average packet throughput, {5%, 50%, 95%} packet throughput and DL subframe utilization are shown in Table 1~4.
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Figure 1 DL packet throughput gain 

 (Configuration 1 as the reference configuration)
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Figure 2 UL packet throughput gain 

 (Configuration 1 as the reference configuration)
Table 1. DL Packet throughput  (λDL=0.5, λUL=0.25)
	
	Configuration 1
	10ms Reconfiguration 

	
	Macro
	Pico
	Macro
	Pico

	Avg. (Mbps)
	23.5428
	16.7343
	24.0728
	22.1479

	5% (Mbps)
	9.1954
	5.8394
	9.5627
	7.4349

	50% (Mbps)
	23.2558
	15.6250
	23.9521
	20.9424

	95% (Mbps)
	36.0360
	30.3030
	36.0360
	42.1053


Table 2. DL Packet throughput  (λDL=2, λUL=1)
	
	Configuration 1
	10ms Reconfiguration 

	
	Macro
	Pico
	Macro
	Pico

	Avg. (Mbps)
	8.1005
	3.482
	8.0965
	4.3875

	5% (Mbps)
	2.5016
	0.9355
	2.4555
	1.0911

	50% (Mbps)
	7.0052
	2.611
	7.1429
	3.2976

	95% (Mbps)
	16.6667
	9.1954
	16.8067
	11.1732


Table 3. UL Packet throughput  (λDL=0.5, λUL=0.25)
	
	Configuration 1
	10ms Reconfiguration 

	
	Macro
	Pico
	Macro
	Pico

	Avg. (Mbps)
	12.6992
	13.5761
	3.1211
	7.889

	5% (Mbps)
	7.9365
	8.3507
	0.5433
	2.5031

	50% (Mbps)
	13.5135
	14.5985
	3.5433
	8.0134

	95% (Mbps)
	14.8699
	14.9254
	5.1134
	14.5012


Table 4. UL Packet throughput  (λDL=2, λUL=1)
	
	Configuration 1
	10ms Reconfiguration 

	
	Macro
	Pico
	Macro
	Pico

	Avg. (Mbps)
	6.9606
	9.2016
	0
	2.5887

	5% (Mbps)
	2.9261
	4.089
	0
	1.0191

	50% (Mbps)
	4.7281
	10.8343
	0
	2.1477

	95% (Mbps)
	13.468
	11.8698
	0
	5.3457


From the Figures and tables as above, the followings can be observed for Macro cells:
· For DL, the packet throughput is almost the same with or without TDD DL-UL reconfiguration.
· For UL, Macro cells almost cannot work with TDD DL-UL reconfiguration, especially with the increasing of cell traffic load, which means Macro UL and Pico DL cannot operate on the same frequency. 

From the Figures and tables as above, the followings can be observed for Pico cells:
· For DL, TDD DL-UL reconfiguration can show a good gain compared to reference configuration 1.
· For UL, TDD DL-UL reconfiguration will bring a very large reduction compared to reference configuration 1 because the number of available UL subframes is reduced.
3 Conclusion
In the case of Macro and pico cells deployed on the same frequency and same area, 

· DL performance can be optimized at the cost of UL performance, which may be useful when UL traffic is very light;

· Macro UL and Pico DL cannot operate on the same frequency at the same time.
· To offload Macro cell traffic to the Pico cells, switching between UL and DL subframes in Picos may be allowed when the UL subframes in Macro cells are blanked.
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Appendix A. Simulation Assumption
The simulation assumption except agreed in [2] is shown in Table 7.
Table 7. Simulation assumption
	Parameter
	Assumption

	Evaluation scenario
	Macro and pico cells deployed on the same frequency

	Range extension bias 
	9dB

	PDCCH symbol number
	2

	Traffic model
	· FTP model 1, 0.5 MByte file size;

· Data arrival ratio of DL to UL is 2:1, λDL= {0.5, 2};

· All the Picos have the same arriving rate.

	Antenna configuration
	DL: 2x2 codebook-based SU-MIMO
UL: 1x2 SIMO

	Small scale fading Channel 
	TU for Pico-UE, UE-Pico and UE-UE.

	Penetration loss
	20dB for eNB-UE/UE-eNB/UE-UE

0dB for eNB-eNB

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

	UL Sounding
	Last UL symbol in subframe#1, 10ms period

	Channel estimation
	Ideal

	Scheduler
	Latency based PF scheduler 

	HARQ modeling
	· Asynchronous HARQ for UL and DL;

· Retransmission scheme: CC;

· Max retransmission times: 2;

· RLC ARQ is modeled.

	DL power control
	Not modeled

	UL power control
	[open-loop] 
Macro:  alpha = 0.6, Po=-57dbm;

Pico:     alpha = 0.9, Po=-82dbm.

	DL_UL reconfiguration algorithm
	· Reconfiguration based on the UL and DL traffic load (History reference is considered);

· TDD configuration#1 defined in Rel-8 are used for Macro cell;
· TDD configuration#1,2,4,5 defined in Rel-8 are used for Pico cell

	Time scale for reconfiguration
	10ms, infinite








































































































































































































