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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, multi-pico cell without interference management was evaluated. From the results shown in [2], we can see that TDD UL-DL reconfiguration based on traffic condition provides some benefits of average performance in low cell traffic load region, but leads to the reduction of UL cell-edge performance. In [3], the observations for multi-pico cell scenario without interference management are concluded. In this contribution, the benefits for the multi-pico cell scenario with interference management are further assessed. 
2 Interference management

For downlink, UE-UE interference will deteriorate DL performance. When the distance between UEs is smaller than 50m, free space path loss model is used and the UE-UE interference can be very strong. 

For uplink, BS-BS interference can significantly deteriorate UL performance. When the distance between BSs in the case of LOS is smaller than 2/3km, free space path loss model is used, and hence the BS-BS interference can be very strong. From the simulation, we can find that most of the cells have some probability to suffer the BS-BS interference with less than 80dB BS-BS propagation loss. As shown in calibration table, the coupling loss of Pico-UE for about 85% UEs is larger than 80dB. Therefore the uplink subframes may be totally blocked by BS-BS interference.

To mitigate the impacts from UL-DL interference, two kinds of interference management approaches can be considered:

· Approach 1: All pico-cells are divided into several clusters. Within each cluster, same UL-DL TDD configuration is used. With this method, the 5% Packet Throughput can be improved, but the average Packet throughput may reduce since the reconfiguration is not as flexible and may not be able to track the traffic changes.
· Approach 2: Different scheduling strategy (such as MCS, power control and resource allocation) between non-interfered subframes and interfered subframes. How the eNB may know the non-interfered subframe and interfered subframe can be studied further. In this paper, this method is evaluated for UL and DL interference management.
3 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
· Used DL/UL subframe defined as the average number of downlink/uplink subframes used for downlink/uplink transmission per one second in each cell.
3.1 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 1-6. More results including cell average packet throughput, {5%, 50%, 95%} packet throughput and DL subframe utilization are shown in Table 1~6.
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Figure 1 DL Cell average packet throughput gain 

 (Configuration 1 as the reference configuration)
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Figure 2 DL 5% packet throughput gain 

 (Configuration 1 as the reference configuration)
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Figure 3 UL Cell average packet throughput gain 

 (Configuration 1 as the reference configuration)
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Figure 4 UL 5% packet throughput gain 

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

 (Configuration 2 as the reference configuration)
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Figure 6 UL 5% packet throughput gain 

 (Configuration 2 as the reference configuration)
Table 1. DL Packet throughput and used DL subframes (λDL=0.5, λUL=0.25)
	
	Without reconfiguration
	Reconfiguration without interference management
	Reconfiguration with interference management

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

	Avg. (Mbps)
	31.1084
	41.6199
	42.8683
	35.0771
	32.8041
	43.0418
	37.6759
	33.165

	5% (Mbps)
	19.5122
	30.0752
	21.9780
	19.6078
	16.4609
	23.2558
	20.6186
	18.9574

	50% (Mbps)
	32.2581
	43.0108
	44.9438
	35.7143
	33.6135
	44.9438
	36.3636
	34.7826

	95% (Mbps)
	36.0360
	48.1928
	51.9481
	47.0588
	44.9438
	51.2821
	47.0588
	45.4546

	Used DL Subframes 
	37.9
	36.3
	38.3
	38.1
	39.5
	36.0
	37.3
	37.8


Table 2. UL Packet throughput and used UL subframes (λDL=0.5, λUL=0.25)
	
	Without reconfiguration
	Reconfiguration without interference management
	Reconfiguration with interference management

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

	Avg. (Mbps)
	14.4104
	7.1634
	18.6086
	15.7262
	13.3873
	19.0221
	16.1703
	13.4219

	5% (Mbps)
	12.1581
	4.2373
	10.3627
	9.0090
	6.6007
	10.4987
	9.5694
	6.6900

	50% (Mbps)
	14.8148
	7.5472
	20.3046
	16.129
	13.9373
	20.3046
	16.4610
	13.5594

	95% (Mbps)
	14.9254
	7.5901
	20.8333
	20.202
	20.8333
	20.8333
	20.5128
	21.6217

	Used UL Subframes 
	28.2
	28.5
	40.5
	40.8
	39.2
	34.6
	34.1
	34.5


Table 3. DL Packet throughput and used DL subframes (λDL=1, λUL=0.5)
	
	Without reconfiguration
	Reconfiguration without interference management
	Reconfiguration with interference management

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

	Avg. (Mbps)
	29.2846
	39.6511
	39.4534
	32.3481
	30.4110
	41.2583
	33.2331
	30.9604

	5% (Mbps)
	14.6520
	20.1005
	15.0376
	15.5039
	12.9450
	20.8333
	18.1818
	14.2857

	50% (Mbps)
	30.7692
	41.6667
	43.0108
	33.6135
	32.0000
	43.9560
	34.1880
	32.5203

	95% (Mbps)
	36.3636
	48.7805
	51.9481
	46.5116
	45.4546
	51.2821
	47.0588
	45.9770

	Used DL Subframes 
	79.5
	79.4
	90.4
	83.5
	84.0
	81.1
	79.2
	81.5


Table 4. UL Packet throughput and used UL subframes (λDL=1, λUL=0.5)
	
	Without reconfiguration
	Reconfiguration without interference management
	Reconfiguration with interference management

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

	Avg. (Mbps)
	14.1241
	6.8167
	16.7068
	14.8166
	12.4556
	17.1334
	15.0968
	12.6903

	5% (Mbps)
	9.5012
	3.8241
	6.483
	7.1429
	5.305
	6.7606
	7.2073
	5.5633

	50% (Mbps)
	14.7602
	7.533
	19.6078
	15.6863
	12.1951
	19.9005
	15.748
	12.4611

	95% (Mbps)
	14.9254
	7.5901
	20.7254
	20.3046
	21.5054
	20.7254
	20.4082
	21.1641

	Used UL Subframes 
	56.5
	56.8
	115.7
	111.7
	101.4
	82.7
	82.5
	78.9


Table 5. DL Packet throughput and used DL subframes (λDL=2, λUL=1)
	
	Without reconfiguration
	Reconfiguration without interference management
	Reconfiguration with interference management

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

	Avg. (Mbps)
	24.2077
	34.7122
	33.1184
	26.7504
	25.0185
	35.0573
	27.9104
	25.3878

	5% (Mbps)
	8.4034
	13.8408
	10.1010
	9.5012
	7.7973
	12.9032
	11.4286
	8.6022

	50% (Mbps)
	26.6667
	37.0370
	36.0360
	25.6410
	22.9885
	38.4615
	27.2109
	23.1214

	95% (Mbps)
	36.0360
	48.7805
	51.9481
	44.9438
	46.5116
	50.6329
	45.9770
	45.9770

	Used DL Subframes 
	192.7
	183.4
	275.6
	210.7
	204.2
	250.8
	200.6
	198.8


Table 6. UL Packet throughput and used UL subframes (λDL=2, λUL=1)
	
	Without reconfiguration
	Reconfiguration without interference management
	Reconfiguration with interference management

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

	Avg. (Mbps)
	13.5084
	6.0978
	15.2007
	13.5613
	12.0290
	15.6431
	14.0404
	12.4061

	5% (Mbps)
	8.3507
	2.8011
	3.7843
	3.6798
	3.2336
	4.8900
	5.1680
	4.2106

	50% (Mbps)
	14.7602
	7.0922
	18.0996
	14.7059
	12.5000
	18.018
	15.2092
	12.5392

	95% (Mbps)
	14.9254
	7.5901
	20.8333
	21.0526
	21.6216
	20.8333
	20.6186
	21.7391

	Used UL Subframes 
	100.8
	101.0
	220.7
	208.0
	202.4
	170.0
	165.2
	158.5


From Figure 1-2 and table 1, 3 and 5, the followings can be observed for DL:
· For the cell average packet throughput:

· TDD DL-UL reconfiguration with/without interference management can show a good gain compared to reference configuration 1.
· Shorter time scale for DL-UL reconfiguration, more performance gain.
· TDD DL-UL reconfiguration with interference management has the best performance.

· For the cell edge packet throughput:

· TDD DL-UL reconfiguration with/without interference management can show a good gain compared to reference configuration 1.
· Interference management can improve cell-edge performance a lot.

· The gain increases with the increasing of cell traffic load.
From Figure 3-6 and table 2, 4 and 6, the followings can be observed for UL:
· For the cell average packet throughput:

· TDD DL-UL reconfiguration with/without interference management can show some gain at low load compared to reference configuration 1 and can achieve a very big gain compared to reference configuration 2.

· For the cell edge packet throughput:

· TDD DL-UL reconfiguration with/without interference management will bring a large reduction compared to reference configuration 1 but can bring a good gain compared to reference configuration 2.
· Interference management can improve cell-edge performance.
· The gain increases with the increasing of cell traffic load.
Form the view of energy saving, interference management can reduce the used subframes in the case of TDD DL-UL reconfiguration.

4 Conclusion
The evaluated interference management algorithm can improve DL and UL packet throughput:
· For DL, interference management can improve PT performance, especially for 5% PT;

· For UL, interference management can bring some benefits for TDD reconfiguration, but for 5% PT, it is not as good as in the fixed configuration 1.

· More effective interference management can be studied further, especially for UL because UL subframes can suffer very strong BS-BS interference.
References
[1] CATT, Ericsson, ST-Ericsson, “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation”, RP-110450, Kansas City, USA, Mar. 2011.
[2] R1-121502, “Evaluation of TDD traffic adaptive DL-UL reconfiguration in multi-cell scenario”, Huawei, HiSilicon.
[3] R1-122530, “Text Proposal on the observations for multi-cell scenario evaluation”, Huawei, HiSilicon.
Appendix A. Simulation Assumption
The simulation assumption except agreed in RAN1 is shown in Table 4.
Table 7. 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.
Case 3. Applying adaptive UL-DL configuration in pico cells with interference mitigation schemes. 

	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, 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 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 : alpha = 0.9, Po=-82dbm for non-interfered subframes, Po=-77dbm for interfered subframes

	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








































































































































































































