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1 Introduction

During the study of the TDD eIMTA, RAN1 had extensively evaluated the performance of dynamically reconfiguring different TDD UL-DL configuration in different cells adaptively with the traffic loading, with three different time scales. These three different time scales represent three types of signalling respectively, that is, 640ms represent the reconfiguration via system information signaling (SIB1), 200ms represent reconfiguration via high layer signalling and 10ms represent reconfiguration via physical signalling. According to the simulation result [1] [2] [3], it can be observed that faster TDD UL-DL reconfiguration time scale could provides larger benefits than its slower counterpart. 
In this contribution, we will discuss the different signalling mechanisms that support different time scales for TDD UL-DL reconfiguration and provide our views.

2 Discussion
2.1 SIB1 signalling
In this solution the reconfiguration is performed through the system information change procedures. In current specification, TDD UL-DL configuration is indicated in system information block type 1 (SIB1) and could be changed according to modification period of SIB1 [4].
The obvious advantages of this method are that all UEs including legacy UEs can enjoy the benefits of TDD UL-DL reconfiguration for dynamic traffic adaptation. However, the drawbacks of this method are also not negligible. According to the specification [4], the minimum timescale for UL-DL reconfiguration of this method is 640ms, such a semi-static updating period would limit the attainable gain of traffic adaptation. Table 1 shows the throughput gains with 640ms and 10ms UL-DL reconfiguration timescales, respectively, compared to the fixed reference TDD UL-DL configurations. Simulation assumptions can be found in the Appendix. It can be observed that 640ms UL-DL reconfiguration timescale can provide only moderate performance gains or even leads to performance degradation at cell edge. Similar simulation results also can be found in technical report [1]. In other word, TDD UL-DL reconfiguration based on SIB1 could hardly exploit full benefits of the dynamic traffic adaptation. 
Table 1：Simulation results for different case
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10ms 54.47% 32.18% 50.69% 55.07% 51.05% 61.73% 47.51% 50.44%

640ms 11.68% -10.87% -15.26% 51.44% -5.00% -47.67% -27.19% 50.44%

10ms 15.84% 13.41% 13.99% 15.78% 199.02% 217.07% 195.01% 200.89%

640ms -15.06% -33.70% -19.98% 15.78% 77.86% 37.23% 69.57% 126.66%
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Moreover, there is also a long ambiguity period that the eNB and the UE may not have consistent understanding about the UL-DL configuration, since the eNB might adopt the new UL-DL configuration when it changes its SIB1 but the UE could not recognize this change until it successfully decodes and applies the changed SIB1. Such ambiguity period will be longer than other UE specific RRC signalling. During the ambiguity period, the inconsistent understanding about the UL-DL reconfiguration between eNB and UE may lead to service loss. Based on this analysis, we have the following observation:
Observation 1: TDD UL-DL reconfigurations via SIB1 information signalling could hardly exploit full benefits of dynamic traffic adaptation, and would suffer the ambiguity problem.
Based on the above observation, we have the following proposal:

Proposal 1: Dynamic TDD UL-DL reconfiguration should not base on the SIB1 signalling. More dynamic solution should be considered.
2.2 RRC signalling or MAC layer signalling
By using RRC signalling or MAC layer signalling, compared to the method based on SIB1 signalling, the supported time scale for traffic adaptation is reduced and hence, it may be able to track the traffic fluctuating better and strive for better throughput performance. 

For RRC signalling, it is necessary to design an additional RRC signalling to carry the information of TDD UL-DL reconfiguration. For MAC layer signalling, we can simply add a MAC control elements (CE) for indicating the TDD UL-DL reconfiguration in MAC header. Both the methods have the ambiguity problems between eNB and UE, i.e., when will the UE apply the new TDD UL-DL configuration? If the RRC signalling or MAC CE carried by PDSCH are not successfully received by the UEs in the first transmission, the reconfiguration ambiguity problem becomes more serious since the ambiguous period is extended by the necessary HARQ/ARQ operation. Surely, compared to the SIB1 signalling, the ambiguous duration of UL-DL reconfiguration via RRC signalling or MAC CE is much shorter. The ambiguity problems could be identified as shown in the sequel. 
Generally, there could be two possible error cases happening in the ambiguous period. One case is that DL subframes in the eNB are regarded as UL subframes by the UE. In this case, all PDSCH packets would have to be retransmitted. At the same time, the UE may miss its UL grant sent in the PDCCH/EPDCCH, so the UE may not access its scheduled UL subframes. UE may also perform UL transmissions in these subframes, such as non-adaptive PUSCH retransmission, and these transmissions would definitely not be received. And even worse, it may interfere to other UEs. The other case is that UL subframes in the eNB are regarded as DL subframes by the UE. In this case, the UL grants for the UL subframe of new UL-DL configuration might not be recognized correctly by the UE, and thus spectral efficiency degrades due the miss of the UL scheduling opportunity by the UE. Furthermore, since the UE will perform DL measurement on the UL subframe, it may lead an over-pessimistic CSI report and increase the possibility of RLF.
According to the above analysis, we provide three solutions to resolve the ambiguity problem as below:
Solution 1: eNB implementation specific method. Since the eNB have the full-knowledge of TDD UL-DL reconfiguration, it can schedule DL and/or UL resource carefully to avoid the misunderstanding between the UE and eNB. The main problem is that it may waste radio resources and thus lead to performance degradation. However, considering SF#0, SF#1, SF#5 and SF#6 always involve the DL transmission chance and SF#2 is always UL subframe in all TDD UL-DL configurations, the maximum number of mismatch subframes between eNB and UE is 5 per radio frame, and thus the performance degradation is limited.  
Solution 2: To introduce an activation time in the new RRC signalling or MAC CE. In this solution, the eNB sends the UL-DL configuration via RRC signalling or MAC CE to the UE, and then eNB and UE apply it after a specific time duration, i.e., the activation time. Hence, the UE may have more time to recognize and apply the new configuration. The value of the activation time is FFS.
Solution 3: Hybrid physical layer and RRC/MAC signalling. In this method, the dynamic UL-DL configuration is sent to UE by eNB via RRC signalling or MAC CE, however, the eNB and UE will not apply the new UL-DL configuration until the eNB triggers via a physical layer signalling.  
According to the above discussion, we have the observation as follow:
Observation 2: TDD UL-DL configuration carried by RRC signalling or MAC CE provides more gains and ambiguity between eNB and UE solutions might be necessary in this case 
Then we have the proposal:
Proposal 2: RRC signalling and MAC CE are recommended for dynamically reconfiguring the TDD UL-DL configuration.

2.3 Indicated by physical layer signalling
The main advantages of reconfiguration via physical layer signalling are the capability of fast traffic adaptation. 
For indicating the TDD UL-DL reconfiguration via PBCH, some reserved bits in the MIB could be used to indicate new TDD UL-DL reconfiguration for UE. Now the interval of PBCH is 40ms, so it can support TDD UL-DL reconfiguration within 40ms time scale without additional changes of PBCH. If we want to support UL-DL reconfiguration with 10ms time scale, some modification of PBCH may be considered, for example, change the current mechanism of MIB and the details can be found in our previous contribution [5]. However, in current specification, UE do not always monitor the MIB change, therefore, if MIB is chosen for indicating UL-DL reconfiguration, the UE has to monitor MIB continuously to get UL-DL configuration in time, which may increase the UE complexity and power consumption.
There are two levels of timescale for TDD UL-DL reconfiguration via PDCCH/EPDCCH, i.e., radio frame level and subframe level. For radio frame level reconfiguration timescale, since all current UL-DL configurations are defined in as 10ms or 5ms inTS36.211 [6], it is straightforward to update the configuration in radio frame level. For subframe level reconfiguration, however, each subframe can be flexibly configured as UL or DL. Thus UL-DL configurations of the radio frame may belong to none of the predefined configuration in TS36.211 [6]. The reconfiguration information can be carried in the DCI explicitly or implicitly. That is, there are two alternatives for indicating TDD UL-DL reconfiguration via PDCCH/EPDCCH:
Alternative 1: Explicitly indicate the subframe directions in DCI.
Alternative 2: Implicitly indicate the subframe directions in DCI, e.g. UL grant and/or DL grant based indication.

For alternative 1, considering the subframe direction is cell specific, therefore, a straightforward way to indicate the subframe direction to UE is to introduce a new DCI element in common search space (CSS). Moreover, compared with intruding a new DCI element in UE specific search space (USS), the overhead of using CSS is smaller. Consequently, a new RNTI could be defined to scramble the message. Furthermore, if UL-DL reconfiguration time scale is radio frame level, the common PDCCH/EPDCCH would be sufficient to be transmitted in a predefined subframe in each radio frame. 
For alternative 2, a UE always recognizes a subframe as downlink once it detects any DCIs in this subframe unless the subframe is pre-scheduled to transmit in uplink. Therefore UE can recognize the direction of a specific subframe. 
However, some issues of above alternatives need be also noted. For instance, for alternative 1, the capacity of CSS may be not enough to introduce a new DCI element and thus increase the collision rate of DCI in CSS. For alternative 2, a new DCI element need be introduced in USS to implicitly indicate which subframes are UL subframes, and thus the overhead is not negligible by considering that all UEs in the system should be indicated the modification.
According to the above discussion, we have the observation as follow:

Observation 3: PBCH or PDCCH/EPDCCH is feasible to dynamically reconfigure the TDD UL-DL configuration with provided solutions.
Based on the above observation, we propose:
Proposal 3: PBCH and PDCCH/EPDCCH are recommended for dynamically reconfiguring the TDD UL-DL configuration with provided solutions.
Furthermore, for the subframe level reconfiguration, considering the SSS and PBCH have to be transmitted in subframe #0 and #5, and PSS is transmitted in subframe #1 and #6, and the paging information may be transmitted in SF#0, SF#1, SF#5 and SF#6, so it is reasonable that SF#0, SF#1, SF#5 and SF#6 are not reconfigurable. Therefore, considering legacy UE, it is also suitable for fixing SF#0, SF#1, SF#5 and SF#6 as DL subframes, thus legacy UE can make accurate measurements in these subframes. Moreover, considering a special subframe has to be inserted before changing a DL subframe to an UL subframe, the subframe-level reconfiguration should be constraint. Therefore, we have the following proposal:
Proposal 4: If subframe level reconfiguration is enabled, SF#0, and SF#5 should be fixed as DL subframes, including SF#1 and SF#6 as special subframes. 

3 Conclusion

In this contribution, we discussed different signalling methods to support different time scales for TDD UL-DL reconfiguration and provided our recommendations. Based on the discussion, we have follow observations: 

Observation 1: TDD UL-DL reconfigurations via SIB1 information signalling could hardly exploit full benefits of dynamic traffic adaptation, and has the serious ambiguity problem.
Observation 2: TDD UL-DL configuration carried by RRC signalling or MAC CE provides more gains and ambiguity between eNB and UE solutions might be necessary in this case.
Observation 3: PBCH or PDCCH/EPDCCH is feasible to dynamically reconfigure the TDD UL-DL configuration with provided solutions.
Based on above observations, we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: Dynamic TDD UL-DL reconfiguration should not base on the SIB1 signalling. More dynamic solution should be considered.
Proposal 2: RRC signalling and MAC CE are recommended for dynamically reconfiguring the TDD UL-DL configuration.
Proposal 3: PBCH and PDCCH/EPDCCH are recommended for dynamically reconfiguring the TDD UL-DL configuration with provided solutions.
Proposal 4: If subframe level reconfiguration is enabled, SF#0, and SF#5 should be fixed as DL subframes, including SF#1 and SF#6 as special subframes.
4 References

[1] 3GPP TR 36.828 V11.0.0, “Further enhancements to LTE Time Division Duplex (TDD) for Downlink-Uplink (DL-UL) interference management and traffic adaptation”, Jun. 2012
[2] R1-122889, “Evaluation results for eIMTA Phase-3 scenario”, New Postcom, May. 2012
[3] R1-122372, “Updated Phase-2 eIMTA evaluation results”, New Postcom, May. 2012

[4] 3GPP TS 36.331 V11.2.0, “E-UTRA; Radio Resource Control; Protocol specification”, Dec. 2012.

[5] R1-122098, “Methods to support different time scales for TDD UL-DL reconfiguration”, New Postcom, May. 2012
[6] 3GPP TS 36.211 V11.1.0, “E-UTRA; Physical Channels and Modulation”, Dec, 2012.
Appendix: Simulation assumptions

Additional simulation assumptions are listed below:

Table 2: Simulation assumptions
	Parameter
	Value

	Simulation Scenario
	The isolated pico cell scenario

	UL Power control
	P0=-76dBm, alpha = 0.8 for both Macro and Pico cells

	Set of TDD UL-DL configurations
	All 7 configurations

	HARQ modelling
	Ideal HARQ timing 

	Scheduler
	PF

	Packet size
	0.5 Mbytes/2Mbytes

	Number of UEs per pico cell
	10

	Maximum pico TX power
	30 dBm

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Reference configuration
	TDD UL-DL configuration 1

	Outdoor Pico DL power control
	Not used

	Small scaling fading channel
	Pico-UE/UE-Pico: TU; 
UE-UE:  not modeled;


	Time scale for reconfiguration
	Focus on 640ms time scale

	Traffic model
	· FTP model 1 in TR36.814

· Poisson distributed with arrival rate λ

· Number of UEs according to the simulated scenario

· A packet is randomly assigned to a UE with equal probability

· Independent traffic modeling for DL and UL per UE

· Fixed size of 0.5Mbytes and 2Mbytes as in TR36.814

· Possible range of file arriving rate (λ) shall cover both low and high load cases. Proposed value range 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. 

	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 modeled
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						DL:UL=1:2
λDL=7.5		File size:
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								File size:
2Mbyte		Reference Config#0		1.2687		0.1244		0.1256		0.1310		1.8096		0.1476		0.1839		0.1880

										Dynamic_TDD_10ms		1.2649		0.1244		0.1256		0.1307		1.8130		0.1476		0.1840		0.1889
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												UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=1:1
λDL=0.5		File size:
0.5Mbyte		Reference Config#1		18.4350		1.4821		1.9504		1.9505		10.9580		0.9129		1.1325		1.2075

										Dynamic_TDD_10ms		25.7780		1.5563		2.5916		3.0504		17.0310		1.4347		1.7828		1.8173

										Gain		39.83%		5.01%		32.88%		56.39%		55.42%		57.15%		57.42%		50.50%

										Dynamic_TDD_640ms		18.1610		1.5288		1.7659		2.2271		12.8530		0.7178		1.1212		1.8124

										Gain		-1.49%		3.15%		-9.46%		14.18%		17.29%		-21.38%		-1.00%		50.10%

								File size:
2Mbyte		Reference Config#1		13.9100		0.9798		1.3757		1.9324		5.0108		0.3887		0.4482		0.8571

										Dynamic_TDD_10ms		19.0510		1.3629		1.7641		3.0567		11.0370		0.6593		1.1085		1.4953
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										Gain		36.96%		39.10%		28.23%		58.18%		120.26%		69.62%		147.31%		74.47%

						Test Cases 2-b						DL Throughput								UL Throughput

												UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=1:1
λDL=7.5		File size:
0.5Mbyte		Reference Config#1		1.9677		0.1952		0.1955		0.2005		1.2131		0.0984		0.1228		0.1271

										Dynamic_TDD_10ms		1.5563		0.1531		0.1552		0.1581		1.6070		0.1300		0.1640		0.1665

										Gain		-20.91%		-21.55%		-20.58%		-21.11%		32.47%		32.09%		33.52%		31.01%
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										Gain		-21.76%		-22.10%		-21.82%		-21.36%		31.84%		31.78%		32.46%		29.84%

								File size:
2Mbyte		Reference Config#1		1.9973		0.1951		0.1959		0.2170		1.2115		0.0984		0.1229		0.1270

										Dynamic_TDD_10ms		1.6239		0.1592		0.1612		0.1672		1.5169		0.1233		0.1534		0.1587

										Gain		-18.70%		-18.39%		-17.68%		-22.94%		25.21%		25.31%		24.83%		24.94%
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												UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=2:1
λDL=0.5		File size:
0.5Mbyte		Reference Config#1		17.5080		1.2878		1.9505		1.9510		11.7290		1.0422		1.2047		1.2047

										Dynamic_TDD_10ms		27.0450		1.7022		2.9392		3.0254		17.7170		1.6856		1.7770		1.8124
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												UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%
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λDL=7.5		File size:
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										Dynamic_TDD_640ms		2.1553		0.2142		0.2149		0.2191		1.1572		0.0933		0.1183		0.1220

										Gain		6.89%		7.84%		6.61%		7.61%		-11.35%		-13.29%		-9.56%		-11.25%

								File size:
2Mbyte		Reference Config#1		1.9720		0.1950		0.1960		0.2049		1.2492		0.0984		0.1230		0.1461
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										Gain		11.07%		10.83%		10.65%		9.69%		-14.24%		-11.52%		-12.07%		-21.34%
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0.5Mbyte		Reference Config#2		24.6740		2.1426		2.4599		2.6565		5.6645		0.4201		0.6024		0.6024

										Dynamic_TDD_10ms		28.5820		2.4299		2.8040		3.0758		16.9380		1.3320		1.7770		1.8124

										Gain		15.84%		13.41%		13.99%		15.78%		199.02%		217.07%		195.01%		200.89%

										Dynamic_TDD_640ms		20.9570		1.4206		1.9684		3.0758		10.0750		0.5765		1.0214		1.3653

										Gain		-15.06%		-33.70%		-19.98%		15.78%		77.86%		37.23%		69.57%		126.66%

								File size:
2Mbyte		Reference Config#2		21.4240		1.7928		2.1104		2.5661		4.3052		0.3054		0.3678		0.6002

										Dynamic_TDD_10ms		20.1040		1.5481		1.9689		2.9444				1.2047		1.7867

										Gain		-6.16%		-13.65%		-6.70%		14.74%		-100.00%		294.48%		385.82%		-100.00%

										Dynamic_TDD_640ms		18.7080		1.4557		1.6200		2.3187		15.6520		1.0250		1.6359		1.8004

										Gain		-12.68%		-18.80%		-23.24%		-9.64%		263.56%		235.64%		344.82%		199.99%

						Test Cases 4-b						DL Throughput								UL Throughput

												UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=4:1
λDL=7.5		File size:
0.5Mbyte		Reference Config#2		2.7372		0.2724		0.2733		0.2757		0.6380		0.0499		0.0646		0.0681

										Dynamic_TDD_10ms		2.9168		0.2878		0.2913		0.2956		1.0635		0.0903		0.1069		0.1135

										Gain		6.56%		5.66%		6.58%		7.25%		66.70%		80.98%		65.50%		66.68%

										Dynamic_TDD_640ms		2.6087		0.2583		0.2595		0.2639		0.7557		0.0616		0.0764		0.0813

										Gain		-4.69%		-5.17%		-5.03%		-4.25%		18.46%		23.48%		18.28%		19.40%

								File size:
2Mbyte		Reference Config#2		2.6704		0.2644		0.2659		0.2735		0.6243		0.0492		0.0616		0.0726

										Dynamic_TDD_10ms		2.6417		0.2606		0.2621		0.2712		0.6610		0.0511		0.0661		0.0774

										Gain		-1.07%		-1.42%		-1.44%		-0.83%		5.88%		3.81%		7.41%		6.57%

										Dynamic_TDD_640ms		2.5961		0.2561		0.2574		0.2668		0.7121		0.0554		0.0713		0.0824

										Gain		-2.78%		-3.13%		-3.20%		-2.45%		14.06%		12.66%		15.86%		13.49%

						Test Cases 5-a						DL Throughput								UL Throughput

												UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=2:1
λDL=0.5		File size:
0.5Mbyte		Reference Config#2		25.2680		2.2456		2.6410		2.6565		5.9706		0.5749		0.6024		0.6024

										Dynamic_TDD_10ms		27.0450		1.7022		2.9392		3.0254		17.7170		1.6856		1.7770		1.8124

										Gain		7.03%		-24.20%		11.29%		13.89%		196.74%		193.21%		195.01%		200.89%

										Dynamic_TDD_640ms		19.5530		1.1478		1.6528		2.9546		11.0710		0.5454		0.8771		1.8124

										Gain		-22.62%		-48.89%		-37.42%		11.22%		85.43%		-5.13%		45.61%		200.89%

								File size:
2Mbyte		Reference Config#2		17.9890		1.1603		1.7731		2.3533		4.9115		0.2995		0.4289		0.6002

										Dynamic_TDD_10ms		21.2620		1.3171		1.7823		3.0758		11.9220		0.6082		1.1538		1.8004

										Gain		18.19%		13.51%		0.52%		30.70%		142.74%		103.05%		169.01%		199.99%

										Dynamic_TDD_640ms		21.2620		1.3171		1.7823		3.0758		11.9220		0.6082		1.1538		1.8004

										Gain		18.19%		13.51%		0.52%		30.70%		142.74%		103.05%		169.01%		199.99%

						Test Cases 5-b						DL Throughput								UL Throughput

												UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=2:1
λDL=7.5		File size:
0.5Mbyte		Reference Config#2		2.6877		0.2653		0.2687		0.2715		0.6275		0.0493		0.0627		0.0673

										Dynamic_TDD_10ms		2.1708		0.2138		0.2169		0.2189		1.1739		0.0958		0.1186		0.1229

										Gain		-19.23%		-19.41%		-19.29%		-19.39%		87.08%		94.18%		89.14%		82.48%

										Dynamic_TDD_640ms		2.2389		0.2217		0.2232		0.2274		1.1534		0.0931		0.1166		0.1207

										Gain		-16.70%		-16.44%		-16.96%		-16.26%		83.81%		88.62%		85.92%		79.23%

								File size:
2Mbyte		Reference Config#2		2.6935		0.2644		0.2661		0.2793		0.6188		0.0492		0.0619		0.0693

										Dynamic_TDD_10ms		2.4191		0.2391		0.2399		0.2519		0.9141		0.0734		0.0912		0.1046

										Gain		-10.19%		-9.56%		-9.86%		-9.78%		47.71%		49.31%		47.45%		51.03%

										Dynamic_TDD_640ms		2.1898		0.2161		0.2169		0.2293		1.0764		0.0870		0.1081		0.1206

										Gain		-18.70%		-18.27%		-18.49%		-17.90%		73.95%		76.95%		74.60%		-76.37%

		Conclusion

						Observation1:				The benefits at least include improved packet throughput

						Observation2:				The benefits may be observed in either DL or UL or both directions,  e.g. the less number of DL (or UL) subframes in the fixed reference TDD UL-DL configuration, the higher DL (or UL) packet throughput gain (if any) achieved by TDD UL-DL reconfiguration

						Observation3:				The benefits are mainly observed in low to medium cell traffic load region

						Observation4:				Faster TDD UL-DL reconfiguration provides larger benefits than slower TDD UL-DL reconfiguration

						Observation5:				The gain of faster TDD UL-DL reconfiguration over slower TDD UL-DL reconfiguration reduces with the increase of cell traffic load and/or packet size

						λ Ratio		Packet 
Size		DL Throughput Gain								UL Throughput Gain

										UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=1:1
λDL=0.5		0.5Mbyte		-1.49%		3.15%		-9.46%		14.18%		17.29%		-21.38%		-1.00%		50.10%

								2Mbyte		36.96%		39.10%		28.23%		58.18%		120.26%		69.62%		147.31%		74.47%

						DL:UL=1:1
λDL=7.5		0.5Mbyte		-21.76%		-22.10%		-21.82%		-21.36%		31.84%		31.78%		32.46%		29.84%

								2Mbyte		-19.24%		-18.54%		-18.50%		-23.08%		25.98%		26.10%		25.60%		25.69%

						DL:UL=2:1
λDL=0.5		0.5Mbyte		11.68%		-10.87%		-15.26%		51.44%		-5.00%		-47.67%		-27.19%		50.44%

								2Mbyte		30.81%		0.50%		9.53%		57.69%		74.65%		33.76%		91.55%		67.78%

						DL:UL=2:1
λDL=7.5		0.5Mbyte		6.89%		7.84%		6.61%		7.61%		-11.35%		-13.29%		-9.56%		-11.25%

								2Mbyte		11.07%		10.83%		10.65%		9.69%		-14.24%		-11.52%		-12.07%		-21.34%

						λ Ratio		Time scale		DL Throughput Gain								UL Throughput Gain

										UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=2:1
λDL=0.5		10ms		54.47%		32.18%		50.69%		55.07%		51.05%		61.73%		47.51%		50.44%

								640ms		11.68%		-10.87%		-15.26%		51.44%		-5.00%		-47.67%		-27.19%		50.44%

						DL:UL=4:1
λDL=0.5		10ms		15.84%		13.41%		13.99%		15.78%		199.02%		217.07%		195.01%		200.89%

								640ms		-15.06%		-33.70%		-19.98%		15.78%		77.86%		37.23%		69.57%		126.66%





Sheet2

		

						Test Cases 2-a								DL Throughput								UL Throughput

														UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=1:1
λDL=0.5				File size:
0.5Mbyte		Reference Config#1		18.4350		1.4821		1.9504		1.9505		10.9580		0.9129		1.1325		1.2075

												Dynamic_TDD_10ms		25.7780		1.5563		2.5916		3.0504		17.0310		1.4347		1.7828		1.8173

												Gain		39.83%		5.01%		32.88%		56.39%		55.42%		57.15%		57.42%		50.50%

												Dynamic_TDD_640ms		18.1610		1.5288		1.7659		2.2271		12.8530		0.7178		1.1212		1.8124

												Gain		-1.49%		3.15%		-9.46%		14.18%		17.29%		-21.38%		-1.00%		50.10%

										File size:
2Mbyte		Reference Config#1		13.9100		0.9798		1.3757		1.9324		5.0108		0.3887		0.4482		0.8571

												Dynamic_TDD_10ms		19.0510		1.3629		1.7641		3.0567		11.0370		0.6593		1.1085		1.4953

												Gain		36.96%		39.10%		28.23%		58.18%		120.26%		69.62%		147.31%		74.47%

												Dynamic_TDD_640ms		19.0510		1.3629		1.7641		3.0567		11.0370		0.6593		1.1085		1.4953

												Gain		36.96%		39.10%		28.23%		58.18%		120.26%		69.62%		147.31%		74.47%

										Case				DL Throughput Gain								UL Throughput Gain

														UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

										DL:UL=1:1
λDL=0.5		0.5Mbyte

												2Mbyte

												0.5Mbyte

												2Mbyte

												0.5Mbyte

												2Mbyte

												0.5Mbyte

												2Mbyte

						λ Ratio		Reference TDD UL-DL 
configuration				Time scale		DL Throughput Gain								UL Throughput Gain

														UE avg		UE 5%		UE 50%		UE 95%		Cell avg		UE 5%		UE 50%		UE 95%

						DL:UL=2:1
λDL=0.5		Configuration 1				10ms		54.47%		32.18%		50.69%		55.07%		51.05%		61.73%		47.51%		50.44%

												640ms		11.68%		-10.87%		-15.26%		51.44%		-5.00%		-47.67%		-27.19%		50.44%

						DL:UL=4:1
λDL=0.5		Configuration 2				10ms		15.84%		13.41%		13.99%		15.78%		199.02%		217.07%		195.01%		200.89%

												640ms		-15.06%		-33.70%		-19.98%		15.78%		77.86%		37.23%		69.57%		126.66%
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