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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 meeting, isolated cell was evaluated to get the upper bound of the performance gain. From the evaluation as shown in [2], we can see that TDD UL-DL reconfiguration based on traffic condition provides benefits over a fixed reference TDD UL-DL configuration for the isolated cell. In this contribution, the benefits for the multi-cell scenario are further assessed. 
2 Simulations and analysis
In this simulation, DL-UL reconfiguration is evaluated with comparison to various reference TDD configurations with fixed UL: DL ratios. The reference TDD configurations studied are configuration 1 (2UL:3DL) and configuration 2 (1UL:4DL). The detailed simulation assumptions including evaluation scenarios, traffic model, scheduler, reconfiguration algorithm and other details are shown in Appendix A.
The following metric shall be used to evaluate the performance benefit of DL-UL reconfiguration.
· Cell average packet throughput (PT)
· {5%, 50%, 95%} packet throughput
· DL subframe utilization defined as the number of used DL subframes divided by the number of configured DL subframes.

2.1 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 and 2. More results including cell average packet throughput, {5%, 50%, 95%} packet throughput and DL subframe utilization are shown in Table 1~3.
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Figure 1 DL Cell average packet throughput gain and 5% packet throughput

 (Configuration 1 as the reference configuration)
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Figure 2 UL Cell average packet throughput gain and 5% packet throughput

 (Configuration 1 as the reference configuration)
Table 1. Packet throughput and DL subframe utilization (λDL=0.5, λUL=0.25)
	
	DL
	UL

	
	Config1
	Config2
	10ms
	200ms
	640ms
	Config1
	Config2
	10ms
	200ms
	640ms

	Avg. (Mbps)
	27.73
	36.65
	37.29
	31.28
	29.39
	14.32
	7.13
	17.3
	15.63
	13.42

	5% (Mbps)
	14.76
	19.9
	17.93
	15.81
	13.42
	10.50
	4.35
	6.41
	7.63
	4.36

	50% (Mbps)
	28.78
	37.74
	39.60
	32.79
	31.25
	14.76
	7.55
	20.00
	16.39
	14.70

	95% (Mbps)
	35.09
	45.98
	48.78
	43.48
	42.11
	14.93
	7.59
	20.62
	20.10
	14.70

	DL Subframe utilization
	7.64%
	5.37%
	7.31%
	7.27%
	7.11%
	-
	-
	-
	-
	-


Note: Config 1/2 means reference TDD configuration 1/2 without reconfiguration.
Table 2. Packet throughput and DL subframe utilization (λDL=1, λUL=0. 5)
	
	DL
	UL

	
	Config1
	Config2
	10ms
	200ms
	640ms
	Config1
	Config2
	10ms
	200ms
	640ms

	Avg. (Mbps)
	25.07
	34.54
	34.67
	28.73
	26.76
	13.48
	6.65
	14.01
	13.96
	11.55

	5% (Mbps)
	9.52
	15.04
	10.95
	11.76
	9.32
	9.07
	3.52
	2.15
	2.50
	1.76

	50% (Mbps)
	27.21
	36.04
	37.73
	30.08
	27.97
	14.76
	7.53
	15.27
	14.82
	12.90

	95% (Mbps)
	34.48
	45.98
	47.61
	43.01
	42.11
	14.93
	7.59
	20.51
	20.00
	20.30

	DL Subframe utilization
	16.72%
	12.11%
	17.24%
	16.53%
	16.45%
	-
	-
	-
	-
	-


	Table 3. Packet throughput and DL subframe utilization (λDL=2, λUL=1)

	DL
	UL

	
	Config1
	Config2
	10ms
	200ms
	640ms
	Config1
	Config2
	10ms
	200ms
	640ms

	Avg. (Mbps)
	20.36
	29.15
	27.30
	23.93
	20.45
	13.32
	5.79
	11.12
	10.62
	10.48

	5% (Mbps)
	6.13
	9.11
	7.01
	8.02
	5.07
	7.89
	2.21
	0.83
	0.86
	0.73

	50% (Mbps)
	21.05
	32.79
	30.30
	22.86
	18.10
	14.76
	6.71
	12.12
	12.20
	10.93

	95% (Mbps)
	33.61
	44.94
	47.06
	40.82
	41.24
	14.92
	7.59
	20.51
	19.70
	19.51

	DL Subframe utilization
	38.13%
	28.91%
	39.01%
	38.21%
	38.62%
	-
	-
	-
	-
	-


From Figure 1 and table 1-3, the followings can be observed for DL:
· For the cell average packet throughput:

· Adaptive TDD DL-UL reconfiguration shows a better performance than reference configuration 1.
· Shorter time scale for DL-UL reconfiguration, more performance gain.
· For the cell edge packet throughput:

· Adaptive TDD DL-UL reconfiguration shows a better performance than reference configuration 1.
· With the traffic load increasing, 200ms reconfiguration time scale becomes better than 10ms reconfiguration time scale.

· In the multi-cell scenario, two factors can impact the packet throughput: available resources for transmission and the channel condition. The shorter reconfiguration time scale, the more available resource for transmission, and the worse channel condition due to higher UE-UE or Pico-Pico interference. As the traffic load increase, interference becomes a dominant factor and 200ms reconfiguration time scale becomes better than 10ms reconfiguration time scale.
From Figure 2 and table 1-3, the followings can be observed for UL:
· For the cell average packet throughput:

· Adaptive TDD DL-UL reconfiguration shows better performance than reference configuration 1 when the cell load is low.
· Shorter time scale for DL-UL reconfiguration, more performance gain.
· For the cell edge packet throughput:

· Adaptive TDD DL-UL reconfiguration brings a large performance reduction compared to reference configuration 1.
· 200ms reconfiguration time scale performs better than 10ms reconfiguration time scale from the view of cell edge performance.

For the DL subframe utilization, TDD DL-UL reconfiguration did not show any gain because the evaluation is not optimized for energy saving. The scheme and evaluation for energy saving can be further studied.
2.2 Time scale for DL-UL reconfiguration
From last section, 10ms and 200ms can both be considered as the candidate DL-UL reconfiguration time scale because dynamic reconfiguration with 10ms periodicity can achieve the best performance in terms of cell average packet throughput and semi-static reconfiguration with 200ms periodicity can achieve the best performance in terms of cell edge packet throughput. 

However, more factors need to be considered for deciding the proper reconfiguration time scale:

· The interference management should be considered because UL cell-edge packet throughput decrease a lot with DL-UL reconfiguration.

· With interference management, the performance difference between semi-static and dynamic reconfiguration may be reduced.

· Based on the principle of inter-cell interference management, dynamic reconfiguration may not work.
· The performance difference between semi-static and dynamic configuration may be reduced if SR (scheduling request) and BSR (buffer status report) are modeled, as with realistic modeling of SR/BSR, eNB will have to determine the optimal UL-DL traffic ratio based on dated information of the uplink load.
· The performance difference between semi-static and dynamic configuration may be reduced when considering the UE experience evaluated by satisfying QoS rather than Packet Throughput. In addition, with TDD DL-UL reconfiguration, whether cell-edge UEs can still satisfy QoS requirement needs more consideration.
Proposal: Both dynamic and semi-static reconfiguration need to be further evaluated, at least considering interference management.
3 Conclusion
In this simulation, FTP model 1 is used to evaluate the benefits of TDD DL-UL reconfiguration dependent upon traffic conditions in multi-cell scenario. From the simulation, we can see that at low to medium traffic load, 
· Reconfiguration with 10ms periodicity can achieve the best performance in terms of cell average packet throughput;
· Reconfiguration with 200ms periodicity can achieve the best performance in terms of cell edge packet throughput.
Although 10ms and 200ms can both be considered as the candidate DL-UL reconfiguration time scale for in the multiple cell scenario, there are other factors (e.g. interference management, UE experience and SR/BSR modelling ) to be considered which may favor semi-static reconfiguration.
Proposal: Both dynamic and semi-static reconfiguration need to be further evaluated, at least with consideration of interference management.
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Appendix A. Simulation Assumption
The simulation assumption except defined in [3] is shown in Table 4.
Table 4. Simulation assumption
	Parameter
	Assumption

	Evaluation scenario
	Scenario 3: Multiple outdoor pico cells deployed on the same carrier frequency

	Simulation case
	Case 1. All pico cells have the same UL-DL configurations

Case 2. Applying adaptive UL-DL configuration in pico cells without any interference mitigation schemes.

	PDCCH symbol number
	3

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

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

	DL CSI feedback type
	PUCCH mode 2-1, 10ms period, 50ms wideband CQI/PMI period, 200ms RI period

	UL Sounding
	Last UL symbol in subframe#1 or/and subframe#6

	Channel estimation
	Ideal

	Scheduler
	Latency based PF scheduler (Priority=transmission rate * Latency /Waiting buffer size)

	HARQ modeling
	· Asynchronous HARQ for UL and DL;

· Retransmission scheme: CC;

· Max retransmission times: 3;

· RLC ARQ is modeled.

	DL power control
	Not modeled

	UL power control
	open-loop : alpha = 0.9, Po=--82dbm

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

· Seven TDD configurations defined in Rel-8 are used.

	Time scale for reconfiguration
	10ms, 200ms, 640ms








































































































































































































