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1. Introduction
In RAN #66 meeting, a new SI “Study on possible additional configuration of LTE TDD” was approved [1]. The objective of the study is to evaluate issues related to the potential introduction of the following additional configuration(s) for LTE TDD; 10:0:0 and 9:1:0 (DL:Sp:UL). 
In RAN #67 meeting, evaluation scenarios for possible additional TDD configuration(s) are approved [2] and captured in TR36.825 [3]. 
In this contribution, we provide our simulation results of performance evaluation set 1 for possible additional TDD configuration(s) according to the agreed scenarios and simulation assumptions in [4].
2. Discussions
In the mobile network, the load of downlink data traffic is much higher than uplink according to the traffic trend. In the current LTE spec, seven TDD UL-DL configurations have been supported to address different DL and UL traffic ratios. Configuration 5 supports the largest downlink resources, where 8 DL subframes and one DwPTS in a special subframe can be used for downlink transmission. However, about 11.4~20% of radio resource will be wasted when there is little UL traffic, which is a significant performance loss. In order to meet the great market demand and the traffic trend, the introduction of a new TDD UL-DL configuration, ‘10:0:0/9:1:0 configuration’, is quite necessary. This 10:0:0 /9:1:0 configuration can be configured as a Secondary Cell only when a UE is configured with CA which will result in facilitating the availability of TDD in the global market, the details can be found in an accompany contribution [5].
2.1 Deployment scenario
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]The scenario for performance evaluation set 1 is captured in TR 36.825, where no adjacent channel interference is present. In our simulation, supplementary downlink (SDL with new TDD UL-DL configuration 10:0:0) and baseline are evaluated. For both two cases, when UE is configured with CA, macro cell (FDD) is configured as a Primary cell (Pcell). For SDL, small cell with UL-DL configuration 10:0:0 is configured as a Secondary Cell (Scell), for baseline, small cell with UL-DL configuration #5 (8:1:1) with special subframe configuration #4 (12 downlink symbols) is configured as a Scell. 
The UL-DL configurations of Scell for baseline and SDL can be found in Figure 1-a, and 1-b.


Figure 1-a TDD UL-DL configuration #5(8:1:1) for baseline


Figure 1-b TDD new UL-DL configuration (10:0:0) for SDL
2.2 Performance estimation
As mentioned in section 2.1, for the non-CA UE, macro cell is the only serving cell, so the performance of this kind of UE is the same for baseline and SDL. For the CA capable UE, Pcell (FDD) is the same for both cases, the performance gain for SDL is provided from Scell for the additional downlink subframes.
For the baseline, the number of Pcell subframes is 10, and the number of Scell subframes is about 8.86 (8 downlink subframes and 12 downlink symbols in special subframe). For SDL case, the number of Pcell subframes is 10, and the number of Scell subframes is 10. The links between Pcell and Scell are different, we assume link capacity of Pcell and Scell is  and respectively.
The gain of SDL compared with baseline can be estimated as:

The upper bound is the traffic only on Scell, the gain is 10/8.86-112.9%, the lower bound is the traffic only on Pcell, the gain is 0.
3. Performance evaluation
In this contribution, we provide the performance evaluation of SDL and baseline. The details of simulation assumption can be found in the appendix. The simulation results of traffic arrival rate lambda=2, 3, 4 for baseline and SDL are shown in Table 1-a, 1-b and 1-c.
Table 1-a Traffic arrival rate lambda = 2 for baseline and SDL, FTP model 1
	Cases
	RU-Pcell
	RU-Scell
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Mean(Mbps)

	Baseline
	65.88%
	10.59%
	0.081
	9.908
	30.30
	11.78

	SDL
	64.28%
	9.67%
	0.084 (+3.70%)
	10.58(+6.87%)
	32.52(+7.33%)
	12.64(+7.30%)


Table 1-b Traffic arrival rate lambda = 3 for baseline and SDL, FTP model 1
	Cases
	RU-Pcell
	RU-Scell
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Mean(Mbps)

	Baseline
	84.99%
	19.83%
	0.0189
	6.71
	26.85
	8.90

	SDL
	84.27%
	18.27%
	0.0195(+3.17%)
	7.18(+7.00%)
	29.20(+8.75%)
	9.60(+7.87%)


Table 1-c Traffic arrival rate lambda = 4 for baseline and SDL, FTP model 1
	Cases
	RU-Pcell
	RU-Scell
	5% UPT(Mbps)
	50% UPT(Mbps)
	95% UPT(Mbps)
	Mean(Mbps)

	Baseline
	93.80%
	30.19%
	0.00880
	4.62
	23.39
	6.92

	SDL
	93.54%
	29.18%
	0.00891(+1.25%)
	4.90(+6.06%)
	25.64(+9.62%)
	7.48(+8.09%)



Take the traffic arrival rate lambda=3 for example, the CDF of Pcell and Scell throughput for SDL and Baseline is shown in Figure 2.
In SDL, more downlink subframes can be used for data transmission, which leads to that the performance of SDL-Scell is better than that of baseline. In addition, more traffic can be off-loaded to Scell, there are more resources available in Pcell, leading to the better performance in Pcell of SDL compared with Pcell of baseline, as shown in Figure 2.
From the simulation results, we can observe that the cell edge (5% UPT) UEs are mainly macro-only UE, while for 50% and 95% UPT UEs, most have Scell links. So the performance gain is mainly focused on 50% and 95% UEs.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 1: SDL can provide performance gain of 6 to 10% with the additional downlink subframe, and the performance gain is mainly focused on the 50% and 95% UPT UEs.

[image: ]
Figure 2 CDF of Pcell and Scell for SDL and Baseline (Lambda=3 for example)
Figure 3 shows the traffic allocation of Pcell from the total throughput for UEs with different traffic arrival rates.
From Figure 3, we can observe that about 63% UEs can get the Scell activated. And among these Scell activated UEs, most have better Scell links than Pcell (The UEs with Pcell throughput ratio < 0.5 shown in Figure 3).
With traffic arrival rate increasing, as shown in Figure 3, the throughput provided from Pcell (Macro) is getting smaller, and the Pcell is becoming more resource-constrained, this will lead to the cell edge (5% UPT) UE throughput gain gets smaller. While for the Scell activated UEs, more traffic is off-loaded on Scell, especially for high traffic arrival rate, leading the larger gain of mean UPT. So the SDL is more suitable for hot spots scenarios with high traffic arrival rate.
Observation 2: SDL is more suitable for hot spots scenarios with high traffic arrival rate.
[image: ]
Figure 3 CDF of Pcell throughput ratio for SDL and Baseline
4. Conclusions
In this contribution, we analysed the performance of SDL and baseline, and we provided the simulation results with different traffic arrival rates. We observe that,
Observation 1: SDL can provide performance gain of 6 to 10% with the additional downlink subframe, and the performance gain is mainly focused on the 50% and 95% UPT UEs.
Observation 2: SDL is more suitable for hot spots scenarios with high traffic arrival rate.
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6. Appendix
Table 2 Simulation assumption
	Scenario
	Small cell 2a [6]

	Duplex Mode
	Macro as Pcell: FDD;

	
	Small cell as Scell: TDD

	Traffic model
	FTP model 1

	Bandwidth
	10MHz

	Pcell central frequency
	2GHz

	Scell central frequency
	3.5GHz

	Scell configuration
	Baseline: TDD UL-DL configuration #5 (8:1:1) with special subframe configuration #4 (12 downlink symbols)

	
	SDL: New TDD UL-DL configuration (10:0:0)

	Wrapping method
	Geographical distance based

	Channel estimation
	Ideal

	Transmission mode
	TM2

	Feedback
	PUCCH 1-0

	Number of BS transmit antennas
	2

	Number of UE receive antennas
	2

	Ratio of CA capable UEs
	1:0

	Others
	[3][4][6]
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