3GPP TSG RAN WG1 Meeting #68                                                                            R1- 120459
Dresden, Germany, 6th –10th February 2012
______________________________________________________________________ Agenda item: 7.9

Source: LG Electronics

Title: Performance Evaluation for LTE TDD Enhancement
Document for: Discussion and Decision
1. Introduction
In RAN#54 meeting, we have agreed to resume the study of further enhancements to LTE TDD. Accordingly, email discussions were executed to finalize simulation assumptions to evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation for the isolated cell scenario. In this contribution, a system simulation was performed based on the agreed simulation assumption that was described in [1], and based on simulation result, the benefits of TDD UL-DL reconfiguration in the isolated cell scenario is to be discussed. 

2. Simulation Assumption
In the isolated cell scenario, which is different from the multi-cell scenario, co-channel interference (or adjacent interference) from neighbor cell does not exist. Consequently, we can expect relatively higher UE DL/UL geometry in the isolated cell scenario, than in the multi-cell scenario. Figure 1 shows UE DL/UL geometry in the isolated cell scenario, based on the simulation assumption [1].
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Figure 1: DL/UL Geometry Result for the Isolated Cell Scenario

Considering the higher UE DL/UL geometry in the isolated cell scenario, we can simplify the simulation to evaluate the benefits (or performance gains) of TDD UL-DL reconfiguration based on traffic adaptation. Basic simulation assumptions are to be based on [1], and details on additional assumptions are as follows [2].
· Scheduler
· First-in-first-out (FIFO) packet scheduler
· Link adaptation

· Full bandwidth (i.e., 10MHz) assignment  for the transmission of a packet 
· Constant DL and UL spectral efficiency (i.e., 3.7bps/s/Hz for DL and 2.1bps/s/Hz for UL)
· Fixed TB size of 36696 with 64QAM for DL 

· Fixed TB size of 21384 with 16QAM for UL 
· No frequency selective scheduling 

· No link adaptation

· Adaptation method of DL/UL reconfiguration
· Choose the closest UL-DL configuration by comparing two values: one is calculated ratio of each remaining data in DL buffer and UL buffer, the other is calculated ratio of DL subframe and UL subframe in the seven DD UL-DL configurations.
· If there exist no data left in DL buffer and UL buffer at the point of DL/UL reconfiguration, choose the initial TDD configuration.  

3. Simulation Results
Table 2 and Table 3 show individual performance evaluation results, when we execute TDD UL-DL reconfiguration, based on specific reconfiguration period (i.e., infinity, 10ms, 200ms, 640ms). Here, Table 1 shows simulation parameter settings for Table 2 and Table 3. Additional evaluation results which are based on other simulation parameters are also provided in appendix.
Table 1: Simulation Parameter
	Simulation Parameter
	Table 2
	Table 3

	Packet size
	0.5Mbyte
	2Mbyte

	Ratio of DL and UL arriving rate (λDL : λUL)
	2/1
	2/1

	DL arriving rate (λDL)
	2
	0.5

	UL arriving rate (λDL)
	1
	0.25

	Reference TDD configuration
	UL-DL configuration #1
	UL-DL configuration #1


Table 2: Performance Result #1 (0.5Mbyte)
	DL/UL
	Reconfiguration

Period [ms]
	RU [%]
	Cell Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	UE Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	X-percentile UE Avg. Pkt

Thpt [kbps]

	
	
	
	
	
	
	
	X = 5%
	X = 50%
	X = 95%

	DL
	Infinity
	41.1%
	14718 
	N/A
	16766 
	N/A
	7704
	19780
	19973

	
	10
	40.3%
	14453 
	-1.8%
	23748 
	41.6%
	10616
	26399 
	31488

	
	200
	39.4%
	14133 
	-4.0%
	20472 
	22.1%
	10209
	20516
	31488

	
	640
	39.1%
	14025 
	-4.7%
	18812 
	12.2%
	7924
	19780
	31488

	UL
	Infinity
	45.3%
	9469 
	N/A
	6568 
	N/A
	2651
	8306
	8357

	
	10
	46.0%
	9610 
	1.5%
	9660 
	47.1%
	4783
	10236
	12482

	
	200
	47.4%
	9901 
	4.6%
	8853 
	34.8%
	4623
	8980
	12332

	
	640
	47.9%
	10001 
	5.6%
	7783 
	18.5%
	4182
	7845
	12482


Table 3: Performance Result #2 (2Mbyte)

	DL/UL
	Reconfiguration

Period [ms]
	RU [%]
	Cell Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	UE Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	X-percentile UE Avg. Pkt

Thpt [kbps]

	
	
	
	
	
	
	
	X = 5%
	X = 50%
	X = 95%

	DL
	Infinity
	41.1%
	14718 
	N/A
	16798 
	N/A
	7706
	19925
	19973

	
	10
	40.3%
	14458 
	-1.8%
	23937 
	42.5%
	10634
	26653
	31488

	
	200
	40.1%
	14373 
	-2.3%
	22920 
	36.4%
	10692
	25856
	31163

	
	640
	39.8%
	14249 
	-3.2%
	21048 
	25.3%
	10524
	21999
	31488

	UL
	Infinity
	45.3%
	9469 
	N/A
	6576 
	N/A
	2651
	8344
	8357

	
	10
	46.0%
	9607 
	1.5%
	9714 
	47.7%
	4803
	10307
	12521

	
	200
	46.4%
	9680 
	2.2%
	9497 
	44.4%
	4744
	10148
	12435

	
	640
	46.9%
	9795 
	3.4%
	9066 
	37.9%
	4729
	9456
	12286


Regarding UE average packet throughput in Table 2 and Table 3, we can see the highest performance gains when reconfiguration period is set to 10ms, compared with the case of no UL-DL reconfiguration (i.e., infinity). In other words, we can get higher performance gain, as reconfiguration period has smaller values, relatively. For example, when reconfiguration period is set to 640ms, we have lower performance gain in UE average packet throughput, compared with when it is set to 10ms. Consequently, we can increase the benefits of TDD UL-DL reconfiguration based on traffic adaptation, by setting 10ms reconfiguration period.
Observation 1: According to performance evaluation results in the isolated cell scenario, we can see the highest performance gain in terms of UE average packet throughput when reconfiguration period is set to 10ms, compared with the case of no UL-DL reconfiguration (i.e., infinity).
4. Conclusion

In this contribution, we performed the simulation to evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation, in the isolated cell scenario. We could obtain the following observation, based on performance evaluation results.
Observation 1: According to performance evaluation results in the isolated cell scenario, we can see the highest performance gain in terms of UE average packet throughput when reconfiguration period is set to 10ms, compared with the case of no UL-DL reconfiguration (i.e., infinity).
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Appendix: Simulation Result
In appendix, we provide the additional performance evaluation results in case of lower resource utilization (RU) environment. Here, for lower RU case, DL arriving rate (λDL) in Table 5 and Table 6 is assumed to be half value set in Table 2 and Table 3, respectively. Table 5 and Table 6 show each result of performance evaluation when TDD UL-DL reconfiguration was applied to each of reconfiguration period (i.e., infinity, 10ms, 200ms, 640ms). And simulation parameter settings for Table 5 and Table 6 are provided in Table 4. When performance evaluation results of Table 2 and Table 5 are compared, we can know that when RU is relatively small, UL-DL reconfiguration of 10ms period has a much higher performance gain than no UL-DL reconfiguration in terms of UE average packet throughput.
Table 4: Simulation Parameter
	Simulation Parameter
	Table 5
	Table 6

	Packet size
	0.5Mbyte
	2Mbyte

	Ratio of DL and UL arriving rate (λDL : λUL)
	2/1
	2/1

	DL arriving rate (λDL)
	1
	0.25

	UL arriving rate (λDL)
	0.5
	0.125

	Reference TDD configuration
	UL-DL configuration #1
	UL-DL configuration #1


Table 5: Performance Result #3 (0.5Mbyte)
	DL/UL
	Reconfiguration

Period [ms]
	RU [%]
	Cell Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	UE Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	X-percentile UE Avg. Pkt

Thpt [kbps]

	
	
	
	
	
	
	
	X = 5%
	X = 50%
	X = 95%

	DL
	Infinity
	20.5%
	7361 
	N/A
	18430 
	N/A
	10635
	19876
	19973

	
	10
	20.2%
	7253 
	-1.5%
	27473 
	49.1%
	14730
	30729
	31488

	
	200
	19.9%
	7126 
	-3.2%
	23059 
	25.1%
	13992
	23020
	31488 

	
	640
	19.8%
	7101 
	-3.5%
	20130 
	9.2%
	10820
	19973
	31488

	UL
	Infinity
	22.7%
	4735 
	N/A
	7615 
	N/A
	4294 
	8323
	8357

	
	10
	23.0%
	4804 
	1.5%
	11225 
	47.4%
	6638
	12407
	12521

	
	200
	23.6%
	4918 
	3.9%
	10220 
	34.2%
	6259
	10775
	12482

	
	640
	23.6%
	4939 
	4.3%
	9070 
	19.1%
	5217
	8841
	12521


Table 6: Performance Result #4 (2Mbyte)
	DL/UL
	Reconfiguration

Period [ms]
	RU [%]
	Cell Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	UE Avg. Pkt

Thpt [Kbps]
	Gain

[%]
	X-percentile UE Avg. Pkt

Thpt [kbps]

	
	
	
	
	
	
	
	X = 5%
	X = 50%
	X = 95%

	DL
	Infinity
	20.5%
	7361 
	N/A
	18470 
	N/A
	10650
	19949
	19973

	
	10
	20.2%
	7254 
	-1.5%
	27738 
	50.2%
	14687
	31295
	31488

	
	200
	20.2%
	7221 
	-1.9%
	26351 
	42.7%
	14737
	28563
	31307

	
	640
	20.0%
	7174 
	-2.5%
	23713 
	28.4%
	14256
	24088
	31428

	UL
	Infinity
	22.7%
	4734 
	N/A
	7627 
	N/A
	4309
	8348
	8357

	
	10
	23.0%
	4803 
	1.5%
	11292 
	48.0%
	6664
	12501
	12530

	
	200
	23.1%
	4832 
	2.1%
	11003 
	44.3%
	6571
	11989
	12473

	
	640
	23.3%
	4875 
	3.0%
	10483 
	37.4%
	6397
	11081
	12426 
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