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1. Introduction

In RAN1#73 meeting, we demonstrated that the interfered eNB has a high probability to correctly judge interference type in multi-cell pico-pico co-channel scenario[1]. This contribution further evaluates the effectiveness of interference type (eNB-to-eNB, UE-to-eNB) determination in macro-pico adjacent channel scenario and with the enhanced uplink power control to be activated. The potential OI enhancement schemes are also discussed followed by the performance simulation.
2. Interference type identification
The interference type identification used by interfered eNB is described as following:
1) Set a local high interference IoT threshold, IoTTH. Here in evaluation IoTTH is set as 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 interference type identification 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 identified as eNB-to-eNB interference; otherwise it is considered as UE-to-eNB interference. Here IoTdiff is set to overcome the IoT measurement error. Note that it is also reasonable to define the second threshold, which works together with IoTdiff to support the existence of interference type in which both eNB-to-eNB and UE-to-eNB interferences have comparable contributions.
The simulation results for reliability of interference type identification are given in Table 1 for pico-pico co-channel scenario and in Table 2 for macro-pico adjacent channel scenario. Here, ‘ePC(+10dB)’ means uplink power control parameter P0 in flexible uplink subframes is 10dB higher than that in uplink subframe #2; IoTdiff-M and IoTdiff-P refer to the predefined IoT comparison threshold IoTdiff used in macro cell and pico cell, respectively. 
Table 1 Error probability of interference type identification in pico-pico co-channel scenario
	pico-pico co-channel scenario
(IoTTH =15dB)
	Error Prob. 
{Downlink→Uplink}
	Error Prob. 
{Uplink→Downlink}

	without ePC (IoTdiff-P =10dB)
	0.54%
	0.22%

	with ePC(+10dB, IoTdiff-P =10dB)
	0.42%
	0.93%

	with ePC(+10dB, IoTdiff-P =15dB)
	0.71%
	0.34%


Table 2 Error probability of interference type identification in macro-pico adjacent channel scenario

	macro-pico adjacent channel scenario
(IoTTH =15dB)
	Error Prob. 
{Downlink→Uplink}
	Error Prob. 
{Uplink→Downlink}

	without ePC (IoTdiff-M =IoTdiff-P =10dB)
	0.83%
	0.62%

	with ePC(+10dB, IoTdiff-M =IoTdiff-P =10dB)
	0.83%
	2.62%

	with ePC(+10dB, IoTdiff-M =10dB, IoTdiff-P =15dB)
	2.25%
	0.44%


It can be observed from Table 1 and Table 2 that the application of enhanced uplink power control would increase the chance to mistakenly identify the UE-to-eNB interference as eNB-to-eNB interference. However, such error probability is still very low in both studied scenarios; in addition, it can be reduced by properly adjust the predefined IoT comparison threshold IoTdiff.
Observation 1: The error probability of interference type identification is very low in both pico-pico co-channel scenario and macro-pico adjacent channel scenario, even with enhanced uplink power control to be activated.
3. OI enhancement
It is shown in [2] that legacy OI cannot distinguish between UE-to-eNB interference and eNB-to-eNB interference in the same subframe and indicate the per-subframe interference level, both of which are considered important in the interference coordination when the dominant interference in one UL subframe may come from either DL or UL, and such interference construction can vary on a per-subframe basis. 
It is already shown that the interfered eNB has the ability to identify whether it is downlink signal or uplink signal that causes dominant interference in one subframe. The eNBs obtaining this information together with OI can determine if they interfere with the reporting eNB based on the recorded transmission direction in the corresponding resource, and thus avoid unnecessary IM operation if the actual transmission direction does not match what interfered eNB perceives.
There are several ways to exchange the above information between interfered eNB and interfering eNB. 
·  Time domain extended OI with interference type identification extends legacy OI to a matrix of N*T elements that correspond to N resource blocks in the frequency domain and T subframes in the time domain. Each matrix element contains the information of both interference level and interference type, though these two pieces of information can be combined into one enumerate IE type. In this solution, the interfered eNB generates the OI together with interference type identification and send to the surrounding eNBs. The eNBs receiving this OI information firstly judge whether it is its DL or UL transmission that causes the reported interference by comparing the interference type and its own scheduling history, and then, if the comparison matches, carry out appropriate interference mitigation schemes, such as adjustment of DL/UL transmission powers.
·  New array of indicators showing the downlink (eNB-to-eNB) interference level uses the IE data structure of, for example, an array of T elements that correspond to T subframes in the time domain. Each array element indicates the interference level (e.g. low vs. high) in the corresponding subframe. In this solution, interfered eNB generates the new indicators according to interference type identification and send the new indicators together with legacy OI to the surrounding eNBs. The receiving eNB can carry out interference coordination based on the combination of legacy OI and the new indicator. 
The performance of above enhanced OI mechanism is simulated by adopting the second solution with T=6. The performance comparisons between enhanced open loop power control (eOLPC) to be activated alone and eOLPC plus enhanced OI (eOLPC&eOI) are shown in Figure 1 for uplink and in Figure 2 for downlink. The interference mitigation scheme used by interfering eNB in the simulation is to reduce DL transmission power by 6dB in corresponding subframes, but imposing no modification to UL transmission power. 
It is observed that

· eOI can increase uplink performance of pico cell, the gain of eOLPC&eOI over eOLPC is 2.2% for UE average throughput, 10% for 5%-ile UE throughput, and 2% for 50%-ile UE throughput.

· The performances of eOLPC and eOLPC&eOI are similar on macro-cell downlink/uplink and pico-cell downlink. 
Note that the missing of handling interference from uplink in the simulation may keep the macro-cell uplink performance lower than what it could be.
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Figure 1 Uplink Performance
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Figure 2 Downlink Performance

Observation 2: OI could be enhanced to carry the information of interference type, e.g. time domain extended OI with interference type identification, or a new indicator on top of legacy OI showing downlink interference level.
Observation 3: IM based on OI enhancement brings uplink performance gains, especially for cell edge UEs.
Proposal: Consider the enhanced OI schemes which carry the information of interference type, e.g. time domain extended OI with interference type identification, or a new indicator on top of legacy OI showing DL interference level.
4. Conclusions
In this contribution, we further evaluate the effectiveness of interference type identification in macro-pico adjacent channel scenario with the enhanced uplink power control to be activated. The potential OI enhancement schemes are also discussed followed by the performance simulation. It is observed that
Observation 1: The error probability of interference type identification is very low in both pico-pico co-channel scenario and macro-pico adjacent channel scenario, even with enhanced uplink power control to be activated.
Observation 2: OI could be enhanced to carry the information of interference type, e.g. time domain extended OI with interference type identification, or a new indicator on top of legacy OI showing downlink interference level.
Observation 3: IM based on OI enhancement brings uplink performance gains, especially for cell edge UEs.
It is proposed that

Proposal: Consider the enhanced OI schemes which carry the information of interference type, e.g. time domain extended OI with interference type identification, or a new indicator on top of legacy OI showing DL interference level.
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Appendix
Table 3 Simulation assumptions

	Parameters
	Assumptions

	Scenario
	Multi-cell, pico-pico co-channel
	Multi-cell, macro-pico adjacent channel

	Traffic model
	· FTP model 1, 0.5Mbytes file size
· Independent traffic generation per cell 
· ratio of DL and UL arriving rate = 2:1, λ for DL is 0.5 for each cell
	· FTP model 1, 0.5Mbytes file size
· Traffic generation per macro area 
· ratio of DL and UL arriving rate = 2:1, λ for DL is 2.5

	Reference TDD configuration
	TDD UL-DL configuration 1
	TDD UL-DL configuration 1 

	Time scale for reconfiguration
	Time scale is 40ms. Seven Rel-8 UL-DL configurations are used
	For macro cell D/U configuration is fixed as D/U configuration 1

For pico cell, time scale is 40ms. Seven Rel-8 D/U configurations are used

	Macro eNB Tx power
	-
	46dBm

	Pico eNB TX power
	24 dBm
	24 dBm

	UE power class
	23 dBm
	23 dBm

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

	Macro antenna configuration
	-
	2Tx, 2Rx

	Pico antenna configuration
	2Tx, 2Rx
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx
	1Tx, 2Rx

	Small scaling fading channel
	Not modelled
	Not modelled

	PDCCH symbol number
	2
	2

	PUCCH PRB number
	2
	2

	Scheduler
	FIFO
	FIFO

	DL CSI feedback period
	10ms
	10ms

	UL CSI feedback period
	10ms
	10ms

	HARQ retransmission scheme
	CC
	CC

	Max retransmission times
	4
	4
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