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1 Introduction

In the new TDD enhancement SID[1][2], RAN1 has been tasked to evaluate the benefits of uplink-downlink reconfiguration dependent upon traffic conditions:
·  Identify the proper simulation assumptions, including traffic models

·  Assess the appropriate time scale for uplink-downlink reconfiguration

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

This contribution mainly focuses on traffic models for evaluating the benefits of reconfiguration. Fluctuation of instantaneous traffic load in uplink and downlink bears close relation to the achievable gain and appropriate time scale of uplink-downlink reconfiguration. Thus, the adopted traffic models and their parameters would significantly influence the evaluations, as shown in the results in the companion contribution [4]. To identify the beneficial scenarios and correctly assess potential gain of TDD traffic adaptation, it is necessary to select proper traffic models and reflect the realistic traffic situations as much as possible. In this contribution, we discuss impact of parameters of burst traffic on the resulting traffic load/fluctuation, and propose parameters and modeling of the burst traffic for the evaluation of TDD UL-DL reconfiguration.
2 Traffic model discussion
In TR36.814 [3], a non-full buffer traffic model is defined for evaluating burst traffic scenarios for HetNet and CoMP, in addition to the full buffer traffic model. A key motivation to adopt the non-full buffer traffic model is to evaluate system-level performance with reflecting situations of resource underutilization in the cells, which is difficult to model with full buffer traffic models.  Under the burst traffic model, fluctuation of inter-cell interference become more severe compared to the cases of full buffer traffic models due to the sporadic underutilization of resources. In the evaluations for TDD dynamic re-configuration, burst traffic model can create fluctuation of traffic ratio between DL and UL with time, and thus is useful to identify the scenarios (TDD configuration, traffic load/ratio, etc.) in which the dynamic reconfiguration could potentially provide benefits and to assess the resulting gain.
Table 1 shows parameters of the burst traffic model, captured from LTE TR36.814 [3]. Three parameters have been defined for the generation of FTP traffic; file size, reading time and number of users. To control the traffic load per cell in the methodology of TR36.814, only number of users (K) was used as the simulation input and the fixed values were used for file size and reading time. For example, in order to have resource utilization less than 50%, the number of users per cell should be reduced from 10 to 2~5 while keeping 0.5 Mbytes file size and 5 second mean reading time. 
However, due to different number of DL and UL subframes in TDD UL-DL subframe configurations, it is not possible to achieve the same level of resource utilization for a given number of subframes in the respective links with adopting the same values for the traffic parameters between DL and UL. In order to achieve a similar level of resource utilization in DL and UL, the amount of respective traffic generated in DL and UL should be in proportion to the number of subframes for the respective links. It is noted that the number of users K cannot be different between DL and UL in simulations in practice. Taking TDD configuration 5 as an example, 9 subframes can be used for downlink including special subframe and only one subframe is for uplink. If we just follow the methodology of burst traffic model used in LTE TR 36.814 and thus the same parameters for file size and reading time are used in both DL and UL, the resource utilization in uplink will be high due to just one subframe available in UL. On the other hand, the utilization in downlink will be low due to many DL subframes. 
Table 1.  FTP Traffic Model in TR36.814
	Parameter
	Statistical Characterization

	File Size, S
	0.5 Mbytes

	Reading Time, D
	Exponential Distribution, Mean= 5 seconds
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Figure 1: Traffic generation of FTP Model 2
With having the same number of UEs K for both downlink and uplink for the TDD simulations, two remaining parameters available to control the traffic load in DL and UL are file size and reading time. In per-UE buffer perspective, the files arrive in a sporadic manner as illustrated in Figure 1. All files have the same size S and after completing transmission of a previous file, the next file will arrive after a reading time D, which is randomly determined for every instance by the exponential distribution with mean 1/. When the K UEs in a cell are considered altogether, the status of transmission buffer in the eNB to store DL data for transmission will follow the statistic corresponding to the aggregation of the data traffic for the K UEs. 
Figure 2 shows conceptual illustrations of the eNB buffer status. Figures 2(a) through 2(d) illustrates different levels of traffic fluctuation depending on different parameters for file size and reading time in the FTP traffic model. In Figure 2(a), it is assumed that 6 files are arrived to the eNB buffer in downlink for three UEs (UE1, UE2, UE3) and 5 files are arrived in uplink to the respective transmission buffers of the three UEs during an observation interval. Each file has the same size S and reading time for each UE is randomly determined (generated) with the same mean. Based on the traffic load in DL and UL shown in the upper plot of Figure 2(a), we illustrate traffic ratio between DL and UL in the lower plot, computed by the amount of total DL traffic over total UL traffic, remaining in the transmit buffers of the eNB and the UEs. In the plots, it is assumed for simplicity that the DL and UL data are sent out from the buffers with an identical transmission rate, which is not quite true and actually affected by the number of DL and UL subframes in a given TDD UL-DL subframe configuration. In the traffic ratio plot, we can see the fluctuation of traffic ratio between downlink and uplink buffer status. With arrivals of new files in the respective links, the DL to UL instantaneous traffic ratio dynamically varies during the observation interval. 
[image: image3.emf]1

2

3

Max

1/2

1/3

Min

Total DL buffer status

File arrival for UE1

File arrival for UE2

Total reported UL buffer status

Ratio between DL 

and UL buffer

S

File arrival for UE1

File arrival for UE2 File arrival for UE3

File arrival for UE3

UE1

UE3

UE2

UE1

S

 [image: image4.emf]1

2

3

Max

1/2

1/3

Min

1

2

3

Max

1/2

1/3

0

Total DL buffer status

File arrival for UE1

File arrival for UE2

Total reported UL buffer status

Ratio between DL 

and UL buffer

Total DL buffer status

Total reported UL buffer status

Ratio between DL 

and UL buffer

Min


 (a) Transmit buffer status in DL and UL (Case 1) 

    (b) Half file size, same reading time (Case 2)
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(c) Same file size, double reading time (Case 3)



(d) Half file size, half reading time (Case 4)
Figure 2: Traffic fluctuation in downlink and uplink
In Figure 2(b), we consider a case of half file size with the same reading time compared to the example of Figure 2(a), and illustrated the corresponding DL and UL buffer status (upper plot) and the DL/UL traffic ratio (lower plot). In Case 3 (Figure 2(c)), file size is the same, but reading time is doubled, and in Case 4 (Figure 2(d)), both file size and reading time is reduced in half. 
In Case 2, by reducing the file size in half (=S/2) compared to Case 1, the total amount of the generated traffic decreases by half accordingly during the observation internal. However, it should be noted that fluctuation of the traffic ratio between DL and UL becomes more dynamic compared to Case 1, as seen by comparing the plots for the DL/UL traffic ratio of Figures 2(a) and 2(b). In cases that the total amount of generated traffic is comparable to the amount of respective DL and UL resources available in a given TDD configuration, dynamic reconfiguration of DL and UL subframes can contribute to increasing the user throughput significantly, as shown in preliminary evaluation results in the companion contribution [4]. 
In Case 3 (same file size S and doubled reading time 2D than Case 1), although the total amount of the generated traffic during an observation internal is similar to that of Case 2, the traffic fluctuation is less frequent than Case 2 because with increasing the reading time, a new traffic arrives more slowly. In this case, the time-scale of reconfiguration can be longer than Case 2 and gain of dynamic reconfiguration would be smaller than the fast fluctuation scenarios. Comparing Case 1 and Case 4, although similar amount of traffic would be generated during an observation interval, fluctuation of the traffic ratio between DL and UL becomes more severe in Case 4 as more data files are generated during the observation interval, and thus larger gain may be obtained through dynamic reconfiguration in Case 4.

As discussed above, the file size and reading time parameters affect both traffic ratio fluctuation and the required time-scale of UL-DL reconfiguration. It can be simply summarized as follows:
	
	File size, S
	Reading time, D
	Number of UEs, K

	
	Increase
	Decrease
	Increase
	Decrease
	Decrease

	Fluctuation of traffic ratio
	Decrease
	Increase
	Decrease
	Increase
	Decrease

	Traffic load
	Increase
	Decrease
	Decrease
	Increase
	Decrease


When the generated traffic is too much or too small compared to the number of DL and UL subframes in a given TDD configuration, the dynamic reconfiguration would not provide meaningful gain. Thus, to assess whether the dynamic reconfiguration provides any meaningful benefit, it is recommended to adopt a range of parameters for the burst traffic model in the way that about 10% to 90% of DL/UL resources are utilized on average. The average resource utilization is decided by the selected parameters for the file size and the reading time for a given TDD UL-DL subframe configuration. Under a given TDD configuration and a given set of traffic parameters, gain of dynamic reconfiguring TDD subframes in adaptation to traffic situations can be evaluated as done in [4].

3 Conclusion
In this contribution, we discussed burst traffic model for evaluating benefits of TDD UL-DL reconfiguration dependent upon traffic conditions. The resource utilization and DL/UL traffic fluctuation for a given TDD configuration vary depending on the parameters for the burst traffic model, which are file size and reading time. Based on the discussions in this contribution, it is proposed that the following aspects are taken into account in deciding on the traffic model for the evaluations;

· Full queue traffic model
· Burst traffic model

	Parameter
	Statistical Characterization

	File Size, S
	Multiple values  within  [0.01~0.5] Mbytes

	Reading Time, D
	Exponential Distribution, Mean= multiple values within [1~9] seconds
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· S and D values covering the range of 10% to 90% resource utilization under static configuration are adopted to identify the scenarios that dynamic reconfiguration provides meaningful benefits.
· Different values for S and D can be used for downlink and uplink
In addition, the following performance metrics can be used in evaluating the benefits as defined in TR 36.814 [3] and has been used in the evaluations presented in the companion contribution [4]:

· Average user throughput

· 5% user throughput

· Cell throughput.
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