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1. Introduction

After RAN1 #68bis meeting, email discussion was executed to finalize simulation assumptions to evaluate the benefits of TDD UL-DL reconfiguration for macro layer included in multi-pico 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 multi-cell scenario is to be discussed.
2. Simulation Assumption
In our simulation, we assumed the scenario where outdoor pico cells and macro cells are deployed on the same carrier frequency. Basic simulation assumptions are to be based on [1], and details on additional assumptions are as follows.
· Scheduler
· First-in-first-out (FIFO) packet scheduler
· Link adaptation

· Full bandwidth (i.e., 10MHz) assignment for the transmission of a packet

· No frequency selective scheduling

· Adaptation method of UL-DL reconfiguration
· Macro cell

· UL-DL configurations are fixed as UL-DL configuration #1 (i.e., No DL-UL reconfiguration)
· Pico cell

· 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 predefined UL-DL configuration candidates
· If there exist no data left in DL buffer and UL buffer at the point of DL/UL reconfiguration, choose the initial UL-DL configuration 
· Set of TDD UL-DL configurations
· According to the feasibility study of RAN 4, it was found that the subframe used for macro cell’s DL transmission is very hard to be used for the purpose of pico cell’s UL transmission due to the high interference level [2]. Therefore, in our simulation, the case in which macro cell’s communication direction becomes DL and pico cell’s communication direction becomes UL at the same time point was excluded in selection of UL-DL configuration candidates for pico cell’s traffic adaptation. For example, if macro cell uses fixed UL-DL configuration #1, pico cell may select one of UL-DL configuration #1, #2, #4 and #5 depending on its own traffic condition.
· Pico antenna configuration
· (1 Tx, 2 Rx)
· UL power control
· Open-loop power control with P0 = -76dBm and α = 0.8
· Small scaling fading channel
· Not modeled
· Control channel and reference signal overhead

· DL

· Overhead for PDCCH: 2 OFDM symbols

· UL

· Overhead for PUCCH: 2 PRBs

· Overhead for UL DM-RS: 2symbols per subframe

· HARQ modeling
· DL retransmission uses the first available subframe which appears 8ms after the initial transmission
· UL retransmission uses the first available subframe which appears 10ms after the initial transmission 
· Chase-combining  (CC)
· Interference mitigation scheme
· If interference mitigation scheme is activated, a Pico eNB, which transmits DL signal in a subframe defined as UL in the initial UL-DL configuration, adjusts its DL transmission power. To be specific, the transmission power is determined based on the pathloss to the neighboring cells such that the Pico cell’s DL transmission causes interference no higher than a predetermined target interference over thermal (IoT) level in UL reception at the eNB which is the closest to the Pico eNB. In our simulation, IoT value is set to 11dB. 
3. Simulation Results
Figure 1-4 show individual performance evaluation results, when we execute TDD UL-DL reconfiguration, based on specific reconfiguration period (i.e., infinity, 10ms, 640ms). In our simulation, packet arrival rates (λ) are assumed to {0.5, 1} for 0.5Mbyte file size. 
[image: image1.emf]0

5

10

15

20

25

0.5 1

UE Avg. DL Pkt Thpt [Mbps]

Lamda

Reference Configuration #1

(DL:UL = 1:1)

Fixed (MeNB)

10ms (MeNB)

640ms (MeNB)

Fixed (Pico eNB)

10ms (Pico eNB)

640ms (Pico eNB)

0

1

2

3

4

5

6

7

0.5 1

UE Avg. UL Pkt Thpt [Mbps]

Lamda

Reference Configuration #1

(DL:UL = 1:1)

Fixed (MeNB)

10ms (MeNB)

640ms (MeNB)

Fixed (Pico eNB)

10ms (Pico eNB)

640ms (Pico eNB)


Figure 1: UE Avg. Packet Throughput (0.5Mbyte, DL:UL=1:1, Reference configuration #1)
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Figure 2: UE Avg. Packet Throughput (0.5Mbyte, DL:UL=2:1, Reference configuration #1)
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Figure 3: UE Avg. Packet Throughput (0.5Mbyte, DL:UL=4:1, Reference configuration #1)
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Figure 4: UE Avg. Packet Throughput (with interference mitigation scheme)
(0.5Mbyte, DL:UL=2:1, Reference configuration #1)
From the performance evaluation results shown in Figure 1-3, for pico cell’s UE average DL packet throughput, 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., infinite reconfiguration period). In other words, this means that, in DL heavy traffic situation, pico cell selects more UL-DL configuration with higher proportion of the DL subframe for its own traffic adaption. However, for macro cell’s UL communication, the interference caused by pico cell’s DL communication was increased due to pico cell’s selection of the UL-DL configuration with higher proportion of the DL subframe. Also, the interference of this type becomes relatively higher as the pico cell’s reconfiguration period is set shorter in the DL heavy traffic situation. For example, as shown in Figure 1-3, it is found that when the pico cell’s reconfiguration period is set to 10ms, the macro cell’s UE average UL packet throughput is to be the lowest. Therefore, in the case of macro layer included in multi-pico cell scenario, proper interference coordination scheme is needed to achieve tolerable level of macro cell’s UE average UL packet throughput.
As shown in Figure 4, proper interference coordination such as pico cell’s DL power control provides additional performance gain in terms of UE average UL packet throughput, especially when DL packet arriving rate is set to a higher value than UL packet arriving rate. The reason for this result is that the interference to macro cell’s UL communication described above is reduced by pico cell’s DL power control. 
Observation 1: According to performance evaluation results on macro layer included in multi-pico cell scenario, it is turned out that macro cell’s UL performance is significantly degraded by high level interference from pico cell’s DL transmission, without interference coordination. Therefore, proper interference coordination such as pico cell’s DL power control is needed to achieve tolerable level of macro cell’s UE average UL packet throughput.
Observation 2: When interference coordination scheme is applied in macro layer included in multi-pico cell scenario, we can obtain additional performance gains from the perspective of pico cell’s UE average UL packet throughput, while maintaining tolerable level of macro cell’s UE average UL packet throughput.
4. Conclusion

In this contribution, we performed the simulation to evaluate the benefits of TDD UL-DL reconfiguration based on traffic adaptation, in the multi-cell scenario. We could obtain the following observation, based on performance evaluation results.
Observation 1: According to performance evaluation results on macro layer included in multi-pico cell scenario, it is turned out that macro cell’s UL performance is significantly degraded by high level interference from pico cell’s DL transmission, without interference coordination. Therefore, proper interference coordination such as pico cell’s DL power control is needed to achieve tolerable level of macro cell’s UE average UL packet throughput. 
Observation 2: When interference coordination scheme is applied in macro layer included in multi-pico cell scenario, we can obtain additional performance gains from the perspective of pico cell’s UE average UL packet throughput, while maintaining tolerable level of macro cell’s UE average UL packet throughput. 
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