3GPP TSG-RAN WG1#68                           
                                                       R1-120260
Dresden, Germany, 6th – 10th February 2012
Source: 

NEC Group
Title:

Evaluation results of LTE TDD for DL-UL interference management and traffic adaptation
Agenda Item:

7.9
Document for:
Discussion and Decision
1. Introduction 
In 3GPP RAN#54, a work plan was agreed for the resumption of the Study on Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation, in both RAN1 and RAN4. The following has been agreed,
Working assumption from RAN#54:

· To finalize the assumptions for evaluating the benefits of TDD UL-DL reconfiguration for the isolated cell scenario (continuing from the email discussion [66-09] which ended with agreeing the conclusions in R1-112884 [1].
For the email discussions [2], the following simulation assumptions have been agreed; initial evaluations of TDD UL-DL reconfiguration for the isolated cell scenario ought to be provided and discussed in RAN1#68.
· Scenario
· At least the isolated outdoor pico-cell shall be evaluated
· The maximum transmission power of the outdoor pico is set to be 30dBm.
· Traffic
· FTP model 1 in 36.814 shall be evaluated
· Fixed size of 0.5 Mbytes and 2 Mbytes as in TR36.814;
· Poisson distributed with arrival rate λ;
· Possible range of file arriving rate (λ) shall cover both low and high load cases. Proposed value rage of λ for DL is [0.25, 0.5 1, 1.5, 2, 2.5, 5, 7.5] for 0.5 Mbytes file size, [0.06, 0.12, 0.25, 0.37, 0.5, 0.625, 1.25, 1.875] for 2 Mbytes file size. The arriving rate for UL file is derived by the ratio of DL and UL arriving rate;
· Number of UEs according to the simulated scenario;
· A packet is randomly assigned to a UE with equal probability;
· Independent traffic modelling for DL and UL per UE;
· Both low and high load cases shall be covered.
· Evaluation metric
· DL and UL metrics shall be collected separately;
· Packet throughput
· Defined as the packet size over the packet transmission time, including the packet waiting time in the buffer;
· UE average packet throughput
· Defined as the average packet throughput for the UE;
· {5%, 50%, 95%} UE average packet throughput
· From the CDF of average packet throughput from all UEs;
· Other metrics (including the definition) to be selectively provided by companies including but not limited to
· Packet drop statistics;
· Packet delay statistics;
· Frequency resource (PRBs) utilizations;
· Time resource (subframes) utilizations.
· Time scale for reconfiguration
· Infinity, i.e., no reconfiguration;
· Reconfiguration every 640ms;
· Reconfiguration every 10ms;
· Reconfiguration every 200ms as an optional.
· Simulation methodology
· DL and UL shall be evaluated in an integrated simulator.
· Reference TDD configurations
· TDD UL-DL configuration 0 with ratio of DL and UL arrival rate = {1/2};
· TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1, 2/1};
· TDD UL-DL configuration 2 with ratio of DL and UL arrival rate = {2/1, 4/1}.
· Link adaptation
· MCS selection with 10% BLER, assuming ideal CSI
· If the highest MCS is selected, the BLER may be less than 10%, which shall be modelled.
· Set of TDD UL-DL configurations
· The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.
· UL modulation order
· All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order.
Other agreed parameters used in our simulations are given in the appendix. In the following section, we will present our evaluation results of the isolated outdoor pico-cell with traffic trigged UL/DL reconfiguration in LTE/TDD. Additionally, our observations and analysis are given as well.
2. Simulation Results
Regarding the TDD UL-DL reconfiguration method, we simply apply that for every Xms (e.g., 10ms or 640ms), the ratio of the DL and UL packets for transmission is recalculated, based on which, one of the seven UL-DL configurations is deployed [3]. We employ the cell-average packet throughput and {5%, 50%, 95%} of the UE average packet throughput as the performance metrics to be evaluated. For 0.5 Mbytes file size, we choose λ = 1, 5 as the low and high load cases for DL, respectively; for 2 Mbytes file size, we choose λ = 0.25, 1.875 as the low and high load cases for DL, respectively. PTD and PTU represent the cell-average packet throughput for downlink and uplink, respectively; X% DL and X% UL denote the X% UE average packet throughput for downlink and uplink, respectively. 
· 0.5 Mbytes, λ = 1
· Config0 as the initial configuration; DL/UL = 1/2
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	7041.685
	403.45
	675.971
	1127.6
	2593.438
	75.2268
	265.503
	377.154

	10ms
	7057.43
	408.766
	685.55
	1187
	2596.532
	108.409
	267.167
	377.535

	640ms
	7051.922
	429.773
	673.756
	1150.8
	2593.852
	103.673
	266.514
	377.465


· Config1 as the initial configuration; DL/UL = 1/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	7867.92
	452.289
	755.644
	1210.1
	2421.931
	121.212
	247.058
	335.634

	10ms
	7919.272
	462.221
	761.702
	1259.82
	3174.065
	240.105
	319.155
	387.39

	640ms
	7912.087
	451.854
	756.21
	1290.3
	3136.465
	244.855
	315.941
	390.395


· Config1 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	7817.128
	438.344
	768.307
	1241.5
	3084.215
	211.404
	285.061
	542.344

	10ms
	7860.341
	438.785
	762.327
	1280.0
	3550.879
	247.371
	326.566
	505.008

	640ms
	7826.136
	438.815
	775.508
	1276.5
	3526.86
	238.513
	329.518
	562.461


· Config2 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	8347.657
	455.143
	806.523
	1406.0
	1409.395
	61.1462
	142.67
	220.188

	10ms
	8794.66
	478.471
	830.782
	1407.3
	3408.165
	255.157
	329.459
	467.824

	640ms
	8397.464
	459.72
	795.373
	1391.8
	3514.363
	246.196
	328.166
	500.528


· Config2 as the initial configuration; DL/UL = 4/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	8335.153
	424.673
	794.007
	1315.0
	1963.733
	134.136
	185.953
	293.83

	10ms
	8580.704
	432.75
	797.913
	1375.4
	3799.205
	218.511
	369.325
	574.241

	640ms
	8372.793
	420.783
	796.873
	1321.0
	3797.508
	238.578
	367.178
	552.921


· 0.5 Mbytes, λ = 5
· Config0 as the initial configuration; DL/UL = 1/2
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	2015.356
	142.442
	197.078
	271.369
	768.714
	61.3661
	76.6073
	95.5147

	10ms
	2139.032
	143.688
	199.18
	343.548
	767.17
	59.9998
	76.9494
	93.2473

	640ms
	2000.262
	144.426
	192.053
	273.303
	773.424
	64.1699
	76.8953
	91.6496


· Config1 as the initial configuration; DL/UL = 1/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	5801.258
	465.851
	578.24
	715.212
	1050.584
	63.3374
	98.2958
	169.098

	10ms
	3141.3
	252.214
	314.085
	376.409
	2028.092
	88.0012
	146.106
	290.879

	640ms
	3262.082
	240.447
	318.27
	435.39
	3300.804
	74.1251
	142.938
	454.251


· Config1 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	5784.306
	465.851
	578.24
	715.212
	1050.584
	63.3374
	98.2958
	169.098

	10ms
	3141.3
	252.214
	314.085
	376.409
	2028.092
	88.0012
	146.106
	290.879

	640ms
	3262.082
	240.447
	318.27
	435.39
	3300.804
	74.1251
	142.938
	454.251


· Config2 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	6781.727
	540.482
	685.785
	879.649
	534.288
	35.9142
	55.2502
	67.6517

	10ms
	3092.333
	231.931
	305.465
	391.399
	2168.869
	76.717
	141.414
	554.184

	640ms
	3385.403
	226.459
	336.817
	468.79
	1853.272
	66.9654
	144.725
	303.752


· Config2 as the initial configuration; DL/UL = 4/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	7011.328
	535.68
	692.729
	881.051
	646.728
	39.5638
	63.2088
	93.5275

	10ms
	5069.969
	391.92
	497.337
	658.608
	2549.571
	133.53
	270.095
	356.495

	640ms
	5061.892
	374.438
	488.739
	658.427
	2439.867
	98.6872
	253.411
	348.292


· 2 Mbytes, λ = 0.25
· Config0 as the initial configuration; DL/UL = 1/2

	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	18467
	1029.6
	1805.1
	2769.2
	5498.099
	249.314
	559.338
	790.498

	10ms
	18982
	1094.3
	1845.8
	2901.9
	5860.065
	265.142
	600.155
	819.641

	640ms
	18536
	1002.7
	1811.9
	2940.9
	5458.673
	250.857
	570.002
	795.955


· Config1 as the initial configuration; DL/UL = 1/1

	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	21316
	1085.0
	1990.9
	3787.3
	5277.035
	296.277
	529.169
	706.483

	10ms
	23442
	1069.3
	2006.8
	4464.0
	7150.755
	474.577
	704.061
	954.433

	640ms
	21633
	1125.2
	1959.3
	3741.4
	7379.399
	506.86
	721.138
	977.608


· Config1 as the initial configuration; DL/UL = 2/1

	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	21148
	1075
	1990.5
	3472.5
	7470.764
	394.51
	627.247
	1258.0

	10ms
	21295
	1087.5
	2014.7
	3576.7
	10040.0
	566.824
	816.03
	1465.4

	640ms
	21241
	1089.0
	1965.8
	3438.5
	9152.104
	564.893
	829.909
	1233.7


· Config2 as the initial configuration; DL/UL = 2/1

	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	23877
	1111.0
	2242.7
	4207
	3182.549
	104.355
	247.262
	477.77

	10ms
	23942
	1110.7
	2319.1
	4243.3
	9464.352
	568.284
	797.161
	1408.8

	640ms
	23889
	1112.0
	2253.8
	4186.6
	8641.369
	525.984
	816.174
	1196.7


· Config2 as the initial configuration; DL/UL = 4/1

	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	23358
	1027.7
	2141.1
	4288.0
	2947.928
	134.808
	277.168
	457.776

	10ms
	24034
	1113.5
	2239.3
	4223.7
	9860.925
	583.529
	946.154
	1446.5

	640ms
	23508
	1098.9
	2147.5
	4173.8
	9487.293
	542.59
	897.953
	1454.6


· 2 Mbytes, λ = 1.875
· Config0 as the initial configuration; DL/UL = 1/2
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	4622.84
	308.344
	422.728
	875.817
	2121.665
	173.682
	214.26
	242.806

	10ms
	4607.717
	317.121
	413.974
	802.22
	2137.705
	182.456
	212.638
	247.028

	640ms
	4627.713
	318.63
	419.893
	826.538
	2113.39
	170.001
	213.049
	244.188


· Config1 as the initial configuration; DL/UL = 1/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	8593.489
	568.293
	818.58
	1281.8
	2079.624
	155.89
	206.418
	274.646

	10ms
	4444.769
	290.628
	412.213
	762.163
	2447.556
	193.731
	243.027
	305.905

	640ms
	4523.051
	297.266
	406.432
	832.985
	2386.757
	172.366
	237.165
	311.293


· Config1 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	14905
	1087.9
	1473.6
	1998.7
	1288.84
	77.9548
	134.265
	167.277

	10ms
	5850.935
	402.488
	539.209
	1127
	2835.38
	188.548
	272.185
	405.843

	640ms
	5867.111
	386.88
	536.925
	1077.8
	2852.083
	202.967
	283.907
	391.501


· Config2 as the initial configuration; DL/UL = 2/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	14997
	1075.8
	1445.6
	2013.4
	1440.128
	89.4579
	143.247
	207.746

	10ms
	5835.451
	368.115
	515.531
	1189.7
	2796.199
	185.903
	279.844
	369.796

	640ms
	5844.746
	388.415
	519.464
	1122.1
	2739.785
	177.213
	268.815
	387.412


· Config2 as the initial configuration; DL/UL = 4/1
	
	PTD (Kbps)
	5% DL (Kpbs)
	50% DL (Kbps)
	95% DL (Kbps)
	PTU (Kbps)
	5% UL (Kbps)
	50% UL (Kbps)
	95% UL (Kbps)

	Infinity
	8567.576
	589.82
	810.212
	1264.3
	1869.453
	138.718
	189.813
	225.76

	10ms
	7641.545
	501.229
	737.63
	1118.4
	2966.043
	183.492
	283.524
	434.952

	640ms
	7617.231
	545.355
	743.88
	1112.6
	2820.46
	159.824
	279.218
	406.225


From the above system level evaluation results, we observe that

Observation 1: In general, the system performance of 640ms dynamic change is inferior relative to 10ms dynamic change, in terms of both the cell-average and UE-average packet throughput.
Observation 2: For relatively low packet arrival rate, both the downlink and uplink system performances of the dynamic reconfiguration (both 10ms and 640ms) outperform that of  no reconfiguration, in terms of both the cell-average and UE-average packet throughput; this performance gain is especially significant for uplink.
Observation 3: For relatively high packet arrival rate, the downlink system performance of the dynamic reconfiguration (both 10ms and 640ms) is inferior to that of no reconfiguration; while the uplink system performance of the dynamic reconfiguration (both 10ms and 640ms) is superior to that of no reconfiguration, in terms of both the cell-average and UE-average packet throughput; i.e., the dynamic reconfiguration approach better compromises the uplink and downlink performances according to the packet arrival rate.
3. Conclusion 
This contribution evaluates the benefits of TDD UL-DL reconfiguration of isolated outdoor pico-cell. According to the evaluation results, we conclude that
Observation 1: In general, the system performance of 640ms dynamic change is inferior relative to 10ms dynamic change, in terms of both the cell-average and UE-average packet throughput.

Observation 2: For relatively low packet arrival rate, both the downlink and uplink system performances of the dynamic reconfiguration (both 10ms and 640ms) outperform that of  no reconfiguration, in terms of both the cell-average and UE-average packet throughput; this performance gain is especially significant for uplink.

Observation 3: For relatively high packet arrival rate, the downlink system performance of the dynamic reconfiguration (both 10ms and 640ms) is inferior to that of no reconfiguration; while the uplink system performance of the dynamic reconfiguration (both 10ms and 640ms) is superior to that of no reconfiguration, in terms of both the cell-average and UE-average packet throughput; i.e., the dynamic reconfiguration approach better compromises the uplink and downlink performances according to the packet arrival rate.
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Appendix-Simulation assumptions

	Parameter 
	Assumptions used for simulation 

	Pico deployment
	Single cell with a radius of 40m

	Pico antenna gain
	5dBi

	Pico antenna pattern
	2D, Omni-directional

	Pico noise figure
	13dB

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE power class
	23dBm (200 mW)

	Minimum distance between UE and pico
	10m

	Number of UEs per pico cell
	10

	Shadowing standard deviation
	3dB for LoS and 4dB for NLoS

	Pathloss
	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))

	Scheduler
	FIFO, PF

	HARQ modeling
	N/A

	eNB antenna configuration
	{1Tx, 2Rx}

	UE antenna configuration
	{1Tx, 2Rx}

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	CP length
	Normal in both downlink and uplink

	Special subframe configuration
	#8

	DL/UL receiver type
	MRC with ideal CSI

	Small scale fading channel
	ITU UMi

	UL power control
	P0 = -75dBm; alpha = 0.8
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