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1 Introduction
During the RAN #51 meeting, a study item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was agreed [1]. In the study item, 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, including:
· Identify the proper simulation assumptions, including traffic models.

· Assess the appropriate time scale for DL-UL re-configuration.

· Assess the benefits at least in terms of performance and energy saving.

In this contribution, the appropriate time scale for DL-UL re-configuration and the benefits in terms of performance are 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:

 TDD configuration 0 (3UL:2DL) (UL heavy)

TDD configuration 1 (2UL:3DL)
TDD configuration 2 (1UL:4DL) (DL heavy). 
In this simulation, different traffic loads are generated by setting different RUs (resource utilizations) (seen in Appendix A). RU is a long-term average value calculated also from the reference TDD configuration. To get a very high traffic load, RU can exceed 100%, but it does not mean that more than 100% resource is used; rather it means the generated traffic load is higher than that the resource can support.
In the following sections, the simulation results are given which are used to assess the appropriate time scale and the benefits for DL-UL re-configuration. The detailed simulation assumptions including evaluation scenarios, traffic model, scheduler, reconfiguration algorithm and other details are shown in Appendix A.
2.1 Benefits of DL-UL reconfiguration
The following metric shall be used to evaluate the performance benefit of DL-UL reconfiguration.
· Packet throughput (PT)
· Defined as the packet size over the packet transmission time, including the packet waiting time in the buffer
· Cell average packet throughput (CAPT)
· Defined as the mean of average packet throughput from all UEs
(1) Configuration 0 (3UL:2DL) as the reference configuration
DL and UL Cell average packet throughput gain with TDD DL-UL reconfiguration compared to fixed configuration 0 are shown in Figure 1 and 2.  
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(a) Option 1: λ is predefined (X-axis is RUDL: RUUL andλDL: λUL) 
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(b) Option 2: λis calculated (RUDL= RUUL)
Figure 1 DL Cell average packet throughput gain (configuration 0 as the reference configuration)
From Figure 1, the followings can be observed for DL:

· TDD DL-UL reconfiguration shows a large DL performance gain when compared to a fixed UL heavy reference configuration.

Analysis: Among all the TDD configurations, there are the least DL subframes in a radio frame for configuration 0. If TDD DL-UL reconfiguration is used, more DL subframes can be allocated to satisfy DL traffic, so a large performance gain can be achieved. 
· When traffic load increases, the performance gain will decrease and finally close to 0.
Analysis: When traffic load increases, the available UL resource which can be reconfigured to DL will decrease, so the gain will decrease. As an example, for 0.5-Mbyte packet transmission and 10ms reconfiguration periodicity, the ratios of DL subframes in a radio frame are 0.6130, 0.5516 and 0.4693 for 20% RU, 50% RU and 80%, respectively. 
· Shorter time scale for DL-UL reconfiguration, more performance gain.
Analysis: Small reconfiguration periodicity can track the current UL-DL traffic situation well, so the better gain can be achieved with small reconfiguration periodicity.
· The relative performance benefit for reconfiguration increases when fewer larger packets are present.
Analysis:  When file size increases, fluctuation of UL-DL traffic ratio decreases, so the required TDD configuration can be adjusted better. 
· The benefit of TDD DL-UL reconfiguration is underestimated in option 1, especially for the high traffic load. 
· For example, for the 10ms reconfiguration periodicity and 0.5-Mbyte file size, the performance gain is less than 10% for RUDL=48% in option 1, but the performance gain is more than 90% for RUDL=50% in option 2.
Analysis: The gain from DL-UL reconfiguration will be reduced due to higher average UL-to-DL traffic ratio in option 1 compared to that matching for TDD configuration 0.
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(a) Option 1: λ is predefined (X-axis is RUDL: RUUL andλDL: λUL) 
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(b) Option 2: λis calculated (RUDL= RUUL)
Figure 2 UL Cell average packet throughput gain (configuration 0 as the reference configuration)
From Figure 2, the followings can be observed for UL:

· TDD DL-UL reconfiguration shows a large UL performance reduction when compared to a fixed UL heavy reference configuration.

Analysis: Among all the TDD configurations, there are the most UL subframes in a radio frame for configuration 0. If TDD DL-UL reconfiguration is used, less UL subframes will be allocated, so a lot of performance can be lost. Note that although reconfiguration will deteriorate UL performance, the absolute values are still good compared to other scenarios. 

· When traffic load increases, the performance reduction will first increase and then decrease to a constant value.
Analysis: At first, when traffic load increases, more UL required resource can be reconfigured for DL, so performance reduction will increase. However, when traffic load exceeds a certain degree, with the traffic load increasing, the fluctuation of UL-DL traffic ratio becomes more stable.
· Shorter time scale for DL-UL reconfiguration, less performance reduction.
· The relative performance benefit for reconfiguration increases when fewer larger packets are present.
Analysis:  When file size increases, fluctuation of UL-DL traffic ratio decreases, so the required TDD configuration can be adjusted better.
· The performance reduction due to TDD DL-UL reconfiguration is underestimated in option 1, especially for the high traffic load.
Analysis: In option 1, the average UL-to-DL traffic ratio is higher compared to that matching for TDD configuration 0, which alleviate the performance reduction.
(2) Configuration 1 (2UL:3DL) as the reference configuration

DL and UL Cell average packet throughput gain with TDD DL-UL reconfiguration compared to fixed configuration 1 are shown in Figure 3 and 4.
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(a) Option 1: λ is predefined (X-axis is RUDL: RUUL andλDL: λUL)
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(b) Option 2: λis calculated (RUDL= RUUL)
Figure 3 DL Cell average packet throughput gain (configuration 1 as the reference configuration)
From Figure 3, the followings can be observed for DL:
· The performance trends are similar with reference TDD configuration 0. The main difference for the DL is that there is less relative gain because the reference TDD configuration 1 has more DL subframes.
[image: image7.png]50.00%
45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%

0.00%

0.5Mbytes 2Mbytes
m10ms
m200ms
m640ms
3%:7%,  32%:74%, 64%:148%, 3%:7%,  26%:59%, 64%:148%,

0.25:0.25 2.52.5 5:5 0.06:0.06 0.5:0.5 1.25:1.25





(a) Option 1: λ is predefined (X-axis is RUDL: RUUL andλDL: λUL) 
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(b) Option 2: λis calculated (RUDL= RUUL)
Figure 4 UL Cell average packet throughput gain (configuration 1 as the reference configuration)
From Figure 4, the followings can be observed for UL:
· The performance trends are similar with reference TDD configuration 0.  The main difference for the UL is that gains are observed as some DL subframes can be reconfigured to UL subframes, especially for the non-heavy-loaded cell, where there are enough free DL resources reconfigured to UL.
(3) Configuration 2 (1UL:4DL) as the reference configuration

DL and UL Cell average packet throughput gain with TDD DL-UL reconfiguration compared to fixed configuration 2 are shown in Figure 5 and 6.
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(a) Option 1: λ is predefined (X-axis is RUDL: RUUL andλDL: λUL) 
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(b) Option 2: λis calculated (RUDL= RUUL)
Figure 5 DL Cell average packet throughput gain (configuration 2 as the reference configuration)
From the Figure 5, the followings can be observed for DL:

· The performance trends are similar with reference TDD configuration 0. The main difference for the DL is that there is limited relative gain or even performance degradation because the reference TDD configuration 2 has the second most DL subframes among all the TDD configurations. When traffic load is very high, the DL performance can deteriorate since the required DL resources may be reconfigured to UL.
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(a) Option 1: λ is predefined (X-axis is RUDL: RUUL andλDL: λUL) 
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(b) Option 2: λis calculated (RUDL= RUUL)
Figure 6 UL Cell average packet throughput gain (configuration 2 as the reference configuration)
The followings can be observed for UL:

· The performance trends are similar with reference TDD configuration 0.  The main difference for the UL is a lot of gains are observed as many DL subframes can be reconfigured to UL subframes for reference TDD configuration 2, especially for  the non-heavy-loaded cell, there are enough free DL resources reconfigured to UL.
(4) Summary

· Overall, TDD DL-UL reconfiguration can bring benefit, especially in the non-heavy-loaded cell.

· For the extreme configurations such as configuration 0, there will be of no gain for one direction (UL or DL) but a lot of gain for another direction.

· For the moderate configuration, the gains can be achieved for both directions. 

· Shorter time scale, better performance gain.
2.2 Time scale for DL-UL re-configuration
In last section, we can see that dynamic reconfiguration with 10ms periodicity can achieve the best performance. However the reconfiguration does not happen every 10ms.  In this section, we will observe how often the reconfiguration can happen.

Reconfiguration frequency can be observed by changing time (the time from the beginning of one configuration to the beginning of another different configuration). The CDF of changing time is shown in Figure 7 (As an example, configuration 1 is assumed. For other scenarios, the similar results can be achieved). From Figure 7, we can see that the file size and RU (λ) affect the changing time and thus will affect the required time-scale of DL-UL reconfiguration. It can be simply summarized as follows:

· When file size increases, changing time increases since fluctuation of traffic ratio decreases;

· When traffic load increases, changing time decreases since fluctuation of traffic ratio increases.
· Note that when traffic load increases to a certain degree, fluctuation of traffic ratio will become stable.
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(a) 0.5Mbytes packet
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(b) 2Mbytes packet
Figure 7. CDF of changing time 
Although dynamic reconfiguration with 10ms periodicity can achieve the best performance shown in last section, there are other factors to be considered which may favor semi-static reconfiguration.

· In the multi-cell scenario, interference management with semi-static reconfiguration may be needed.
· The performance difference between semi-static and dynamic configuration may be reduced when considering realistic traffic model with a mix of varying packet sizes, UL-DL traffic ratios, etc.
· 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.
· 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.
Proposal: Both dynamic and semi-static reconfiguration need to be considered at the initial stage.
3 Conclusion
In this simulation, FTP model 1 is used to evaluate the benefits of TDD DL-UL reconfiguration dependent upon traffic conditions in isolated cell scenario. From the simulation, we can see that
· Overall, TDD DL-UL reconfiguration can bring benefit, especially in the non-heavy-loaded cell.

· For the extreme configurations such as configuration 0, there will be of no gain for one direction (UL or DL) but a lot of gain for another direction.

· For the moderate configuration, the gains can be achieved for both directions. 

· Shorter time scale, better performance gain.
As expected, dynamic DL-UL reconfiguration with a 10ms time scale has the best performance in the isolated cell. However, there are other factors (e.g. interference management, realistic traffic model, 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 considered at the initial stage.
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Appendix A. Simulation Assumption
Simulation assumption including evaluation scenario, traffic model, scheduler, reconfiguration algorithm and other details is shown as follows.
(1) Evaluation scenario

Isolated outdoor pico cell is modeled according to the agreed simulation parameters [3].

(2) Traffic model

Although the realistic traffic models need to be evaluated, as the initial evaluation, FTP model 1 in [2] can be modeled to realize the traffic fluctuation. Table 1 shows the parameters for FTP traffic model 1.
Table 1. FTP Traffic Model 1
	Parameter
	Statistical Characterization

	File size, S
	2 Mbytes, 0.5 Mbytes (one user downloads a single file)

	User arrival rate λ
	Poisson distributed with arrival rate λ


For FTP Model 1, 
offered traffic = RU * BW * SE * Rsbf =λ* S
· RU is the resource utilization. Different RU represents different traffic load. Low to high RU should be evaluated.

· BW is the system bandwidth.
· SE is the spectrum efficiency which is got from full buffer simulation.
· For 2x2 antenna configuration, the spectrum efficiencies for DL and UL are 5.2 and 3.38 bits/s/Hz/cell respectively, which is used in this simulation.

· 
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 is the ratio of DL/UL subframes in a radio frame. 
λ can be obtained by two options:

Option 1: λ is predefined according to [3]. 
In [3], the 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 and [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, which are {1/2}, {1/1, 2/1} and {2/1, 4/1} for TDD UL-DL configuration 0, 1 and 2,respectively. In this simulation, the chosen values are shown in Table 2~4.
In option 1, the gain of TDD DL-UL reconfiguration may be overestimated or underestimated due to the different RUs for UL and DL. For the direction with a higher RU, the gain can be got due to the traffic adaptive DL-UL reconfiguration and higher average UL-to-DL traffic ratio compared to the reference TDD configuration. The latter part is not the gain from DL-UL reconfiguration and lead to the overestimation of DL-UL reconfiguration gain. On the contrary, for the direction with lower RU, the gain will be underestimated. 

Table 2. Configuration 0 (λDL: λUL =1/2)
	
	0.5 Mbytes file size
	2 Mbytes file size

	λDL (RU)
	0.25 (5%)
	1 (19%)
	2.5 (48%)
	5 (96%)
	0.06 (5%)
	0.25 (19%)
	0.5 (38%)
	1.25 (96%)

	λUL (RU)
	0.5 (10%)
	2 (39%)
	5 (99%)
	10 (197%)
	0.12 (9%)
	0.5 (39%)
	1 (79%)
	2.5 (197%)


Table 3. Configuration 1 (λDL: λUL =1/1)
	
	0.5 Mbytes file size
	2 Mbytes file size

	λDL (RU)
	0.25 (3%)
	2.5 (32%)
	5 (64%)
	0.06 (3%)
	0.5 (26%)
	1.25 (64%)

	λUL (RU)
	0.25 (7%)
	2.5 (74%)
	5 (148%)
	0.06 (7%)
	0.5 (59%)
	1.25 (148%)


Table 4. Configuration 2 (λDL: λUL =2/1)
	
	0.5 Mbytes file size
	2 Mbytes file size

	λDL (RU)
	0.5 (5%)
	5 (48%)
	7.5 (72%)
	0.12 (5%)
	1.25 (48%)
	1.875 (72%)

	λUL (RU)
	0.25 (15%)
	2.5 (148%)
	3.75 (222%)
	0.06 (14%)
	0.625 (148%)
	0.938 (222%)


Option 2: λis calculated by 
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In option 2, RUs for UL and DL are the same. To evaluate the real benefit, the same RU for DL and UL should be a typical case for the simulation. 
Note that λis calculated based on the reference TDD configuration. Different λ values for different traffic load are given in Table 5 and 6.

Table 5.  λDL
	
	Configuration 0
	Configuration 1
	Configuration 2

	RU
	20%
	50%
	80%
	20%
	50%
	80%
	20%
	50%
	80%

	S=0.5 bytes
	1.04
	2.6
	4.16
	1.56
	3.9
	6.24
	2.08
	5.2
	8.32

	S=2 Mbytes
	0.26
	0.65
	1.04
	0.39
	0.98
	1.56
	0.52
	1.3
	2.08


Table 6.  λUL
	
	Configuration 0
	Configuration 1
	Configuration 2

	RU
	20%
	50%
	80%
	20%
	50%
	80%
	20%
	50%
	80%

	S=0.5 bytes
	1.01
	2.54
	4.06
	0.68
	1.69
	2.70
	0.34
	0.85
	1.35

	S=2 Mbytes
	0.25
	0.63
	1.01
	0.17
	0.42
	0.68
	0.08
	0.21
	0.34


(3) Scheduler 
The scheduler related assumption is shown in Table 7.
Table 7. Scheduler
	Parameter
	Assumption

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

	HARQ modeling
	Not modeled

	HARQ retransmission scheme
	Not modeled

	DL power control
	Not modeled

	UL power control
	open-loop : alpha = 0.6, Po=-60dbm


(4) DL_UL Reconfiguration Algorithm
TDD UL-DL allocation is adjusted based on the UL and DL traffic load. In this simulation, TDD UL-DL allocation will be reconfigured when R(t) varies from one range to another range as shown in Table 8.

Table 8.  Threshold trigger
	R(t) (UL:DL)
	>=3:2
	3/2~1
	1~2/3
	2/3~3/7
	3/7~1/4
	1/4~1/9

	Configuration
	0
	6
	1
	3
	2, or 4 Note1
	5


Note 1: Configuration 2 is chosen in this simulation.
R(t) is the valid RB utilization ratio of UL to DL.
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· 
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 is the current-TTI RB utilization ratio of UL to DL. 

· T is the duration of the time-domain window in number of TTI. 
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 is equal to 1/T.
· 
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 are DL and UL spectrum efficiency, respectively, which are obtained from full buffer simulation.

· 
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 are DL and UL payload size in current TTI, respectively.

(5) Others
Table 9. Others
	Parameter
	Assumption

	BW
	10MHz

	Antenna configuration Note2
	DL: 2x2 codebook-based SU-MIMO
UL: 1x2 SIMO

	Number of UEs per pico cell
	10

	Small scale fading Channel 
	ITU UMi

	Special subframe configuration
	Configuration#8

	UL/DL receiver  type
	MMSE

	Channel estimation
	Ideal

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

	Simulation Time
	200000ms


Note 2: A 1x2 configuration was preferred by some companies to reduce simulation time. Considering 2x2 is a more typical configuration in LTE system, a 2x2 antenna configuration is used in this simulation. It is useful to see if observed trends are the same or different in the 1x2 and 2x2 cases.
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