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1. Introduction

In RAN1 #72bis meeting, we analysed the issues in interference mitigation (IM) method based on legacy OI when dynamic TDD D/U reconfiguration is applied [1], and introduced the enhancement that the judgement of whether the interference is mainly caused by downlink transmission or uplink transmission is conveyed together with OI report. This contribution further demonstrates that the interfered eNB has a higher probability to correctly judge interference type and meanwhile costs less standard effort. 
2. Identification of interference type
It is shown in [1] that legacy OI cannot distinguish UE-to-eNB interference and eNB-to-eNB interference in the same subframe and thus information of interference type is needed. This information indicates whether it is downlink or uplink signal that causes interference in one subframe. eNBs obtaining this information together with OI can determine if they interfered other eNBs based on the transmission direction in the corresponding resource, and thus avoid unnecessary IM operation if the actual transmission direction does not match what interfered eNB perceives from enhanced OI information. 
The first question is who should make the decision of interference type, the interfered eNB or the interfering eNB.  Table 1 given the comparisons between these two candidates. It is clearly shown that the decision of interference type, if necessary to make, should be made at interfered eNB. 
Table 1 Comparison between interference type decided at interfering eNB and interfered eNB

	
	Interfering eNB decides interference type
	Interfered eNB decides interference type

	Decision source
	· OI report from interfered eNB;
· eNB-to-eNB measurement may be needed, which further requires the exchange of actual directions in each flexible subframe.  
	· IoT measurement (including priori knowledge in various types of subframes); 
· Flexible subframe set in neighbouring cells can be helpful. 

	Decision accuracy 
	· Low accuracy due to coarse quantization on OI report;
· For the OI report from a particular interfered eNB, different judging eNBs may come up with different decisions on interference type, especially when the high interference indication from interfered eNB corresponds to the time instances in which judging eNB has UL transmissions.   
	More local measurement information available to improve the accuracy.


Observation1: It is beneficial and appropriate for interfered eNB to judge whether its observed interference is mainly constructed with uplink transmission or downlink transmission. The judgement should be conveyed together with OI message to neighbouring eNBs.
Next we demonstrate whether interfered eNB can judge interference type effectively in pico-pico co-channel scenario.  The simulation assumptions used in study is given in Appendix. 
The study first decides the “high interference threshold” in terms of IoT, above which the interference can be considered as high-level interference, and below which the receiving SINR at interfered eNB does not have to require enhancement to current OI mechanism. Figure 1a and Figure 1b show the CDF of IoT and UL SINR respectively at pico cell in different subframes. It can be seen that, when IoT is 10dB, most-likely UL SINR can reach 20dB, which is high enough to have little impact to uplink performance. So it is reasonable to assume 10dB as the high interference threshold in pico-pico scenario, above which the interference is classified as high interference and the OI enhancement is needed. For comparison purpose, we also adopt the threshold of 15dB in our study.
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Figure 1a. CDF of Pico-cell IoT in different subframes                        Figure 1b. CDF of UL SINR of Pico UE
Next we show the statistics distributions of high interferences that are caused mainly by DL transmission, UL transmission or both. For all the subframes whose instance IoT are larger than high level threshold, the aggregated interference from downlink (marked as DL_Int) and the aggregated interference from uplink (marked as UL_Int) are collected. 
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Figure 2 the CDF of the ratio DL_Int/UL_Int
The CDF of the ratio DL_Int/UL_Int in Figure 2 shows that:
· The probability for DL_Int/UL_Int>10dB is nearly 63%, which means in about 63% of subframes suffering high interference, the aggregated eNB-to-eNB interference is at least ten times greater than aggregated UE-to-eNB interference. It is reasonable to classify these subframes suffering mainly eNB-to-eNB interference.

· The probability for UL_Int/DL_Int>10dB is about 36%, which means in about 36% of subframes suffering high interference, the aggregated UE-to-eNB interference is at least ten times greater than aggregated eNB-to-eNB interference. It is reasonable to classify these subframes suffering mainly UE-to-eNB interference.
· The probability for comparable DL_Int and UL_Int (shown as Area1 and Area2) is about 1%, which means high interference is rarely caused by both DL and UL transmissions simultaneously. In addition, there is no need to judge whether interference is mainly caused by DL or UL for this case, because both eNB-to-eNB interference and UE-to-eNB interference have the similar contribution to the total interference.

The judgement method used by interfered pico eNB is described as: 
1) Set a local high interference IoT threshold, IoTTH. Here in evaluation IoTTH is set as 10dB and 15dB.
2) For a subframe used for UL transmission at interfered eNB, if the IoT measured in that subframe is higher than IoTTH, the subframe is marked with high interference. The judgement method is only applied to subframes marked with high interference.
3) Interfered eNB compares the IoT in subframes marked with high interference (denoted as IoTx) to long-term average IoT in subframe #2 (denoted as IoTSF2). If IoTx - IoTSF2 > IoTdiff, where IoTdiff is a predefined threshold, the interference is judged as eNB-to-eNB interference; otherwise it is judged as UE-to-eNB interference. Note that it is also reasonable to define the second threshold, which works together with IoTdiff  to support the judgement of  interference type in which both eNB-to-eNB and UE-to-UE interferences have comparable contribution.   

The simulation result to verify the above judgement method is given in the Table 2, which shows the interference type can be judged with a very low error probability. In the judgement method described above, measurement and comparison of IoT are implementation issues. The only standardization effort needed is to enhance the judgement by notifying the interfered eNB about the flexible subframe set or flexible subframe configuration in neighbouring eNBs.
Table 2: error probability based on above judgement method
	
	P{Downlink→Uplink}
	P{Uplink→Downlink}

	IoTTH =10dB

IoTdiff =6dB
	0.50%
	0.24%

	IoTTH =15dB

IoTdiff =10dB
	0.54%
	0.22%


Observation 2: The interfered eNB has the ability to judge the interference type correctly with little standard effort.
3. Conclusions
From above discuss and simulation results, we can see that:

Observation1: It is beneficial and appropriate for interfered eNB to judge whether its observed interference is mainly constructed with uplink transmission or downlink transmission. The judgement should be conveyed together with OI message to neighbouring eNBs.

Observation 2: The interfered eNB has the ability to judge the interference type correctly with little standard effort.
Based on above observations, we propose that:

Proposal: Further evaluate the effectiveness and gain of interference type (eNB-to-eNB vs. UE-to-eNB) judgement, especially in pico-macro scenario.
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Appendix

Table 3 Simulation assumptions

	Parameters
	Assumptions

	Scenario
	Multi-cell, Pico-Pico Co-channel

	Traffic model
	· FTP model 1, 0.5Mbytes file size
· ratio of DL and UL arriving rate = 2/1
· Independent traffic generation per cell
· Same arriving rate for all the cells

	Reference TDD configuration
	TDD UL-DL configuration 1

	Time scale for reconfiguration
	time scale is 10ms, seven UL-DL configurations defined in Rel-8 are used

	Pico eNB TX power
	24 dBm

	UE power class
	23 dBm

	UE Power Control
	Po = -82dBm, alfa = 0.9

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Small scaling fading channel
	Not modeled

	PDCCH symbol number
	2

	PUCCH PRB number
	2

	Scheduler
	FIFO

	DL CSI feedback period
	10ms

	UL CSI feedback period
	10ms

	HARQ retransmission scheme
	CC

	Max retransmission times
	4
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