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1 Introduction

At the RAN1#72 meeting, the set of deployment scenarios [1] to be used for Rel-12 LTE TDD eIMTA work item [2] was agreed. The following two scenarios were prioritized for system design and evaluation of DL-UL interference mitigation and traffic adaptation techniques [1]:

· Scenario 3: Multiple outdoor Pico cells deployed on the same carrier frequency.
· Scenario 4: Multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration.
In this contribution, we analyze several DL-UL interference mitigation schemes in application to Scenario #3 and share our views on DL-UL interference mitigation schemes that can be applicable for the Pico-Pico scenario.
2 DL-UL Interference in Pico-Pico Co-channel Scenario
The interference analysis conducted during the study item [3] phase has shown that the main DL-UL interference issues in Pico-Pico scenario are observed at the base station side. The main problem exists when two coupled Pico cells (victim and aggressor) use opposite transmission directions in a given subframe: UL (victim cell) and DL (aggressor cell). It is often the case, that Pico cells experience very strong coupling so that significant UL SINR degradation of Pico UEs is observed [5]:
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	Figure 1: UL SINR of Pico UE w/ and w/o DL-UL interference mitigation using cell clustering.


The UL SINR outage is caused by several factors: strong coupling on Pico-Pico links, Pico cell transmission at maximum power level and relatively low power of UE’s UL signals due to UL power control. The simple practical solution to this problem is to identify coupled Pico cells, combine those into cell clusters and jointly coordinate transmission direction (UL-DL configuration) inside the cluster. The initial evaluation of this method was reported in [4]. In this contribution we continue analysis and additionally discuss other potential methods for the DL-UL interference mitigation.

3 DL-UL Interference Mitigation Schemes

The simple way to avoid DL-UL interference problem is to identify isolated cells and restrict dynamic UL-DL re-configuration to isolated cells only. The more intelligent techniques may apply cell clustering, where coupled Pico cells are combined into cell-clusters that jointly adjust amount of UL and DL resources based on traffic conditions inside cell-cluster. In addition, the DL and/or UL power control methods may be considered for DL-UL interference mitigation.
In this contribution, we provide performance analysis for several approaches to handle DL-UL interference issues in Pico-Pico scenario. In particular, we study the following scenarios:
· Reference scenario. All deployed Pico cells apply the same UL-DL configuration #1. This is the baseline scenario, which is used to assess performance benefits from introducing dynamic UL-DL reconfiguration.
· Traffic Adaptation (TA). In this scenario, it is assumed that Pico cells independently adjust the UL-DL configuration based on instantaneous traffic conditions in each cell. In essence, this method can be considered as scheduling dependent interference mitigation (SDIM) without inter-cell coordination. The victim cell operating in UL may detect strong level of interference at flexible subframes and refrain from scheduling UL transmissions if strong DL-UL interference is observed at flexible subframes.
· Cell Clustering (CC). The cell clustering scenario [1], [4] assumes identification of isolated, victim and aggressor cells based on the coupling of Pico-Pico links (pathgain or DL-UL interference level). According to this approach, Pico cells that experience strong coupling (victim and aggressor) are combined into cell clusters. Interference mitigation and traffic adaptation within cell clusters applies coordinated adaptation of UL-DL configuration taking into account aggregated traffic within the cluster. In addition sub-clustering (dynamic de-coupling) is applied if one of the coupling cells does not have traffic. In essence, this method can be considered as scheduling dependent interference mitigation (SDIM) with inter-cell coordination.
In addition, each of the described above scenarios can be used jointly with DL and/or UL power control. In this contribution we study the TA and CC scenarios in combination with:
· DL Power Control at flexible subframes (DLPC). The DL power control reduces transmit power at flexible sub-frames and thus decreases the level of interference in the neighboring Pico cell operating in UL. The considered Pico-Pico hot spot deployment scenario is DL inter-cell interference limited and characterized by high DL SNR. The DL TX power may be reduced to facilitate DL-UL interference mitigation. The reduction of DL transmit power is applied only on flexible subframes and across all cells in order to keep the same signal to interference ratio.
· UL Power Control at flexible subframes (ULPC). In case of uplink power control, different open loop uplink power control settings (P0 and α) are applied at flexible and regular UL sub-frames. In current analysis, the P0 value of UL PC applied at flexible subframes is increased by 20 dB. Note that UL power control is not sufficient to cope with the DL-UL interference problem in case of strongly coupled Pico cells, however still may be applied to improve performance in Pico cells with relatively small coupling or isolated cells.

Performance of all schemes is compared with the reference case, when all Pico cells use the UL-DL configuration #1. In order to highlight the effects of DL-UL interference issues we study the system performance at the medium loading with ~50% utilization of DL and UL resources in the case of reference UL-DL configuration #1. The DL and UL packet arrival rates per Pico cell are set to λDL = 2 and λUL = 1. The 0.5 MB FTP packet size is used for current analysis.
4 Performance Analysis of DL and UL Packet Throughput
This section provides DL and UL packet throughput analysis for different DL-UL interference mitigation schemes described above. The system level simulation results of DL and UL packet throughput are shown in Figure 2.
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	Figure 2. DL and UL Packet Throughput in Pico-Pico scenario


Based on the results of the system level analysis of different DL-UL interference mitigation schemes in Pico-Pico co-channel scenario we have following observations:

Observations:

· In terms of UL packet throughput, the CC shows consistently better performance comparing to the reference and TA scenarios. The TA performance in UL degrades significantly that can be explained by non-controlled DL-UL interference from neighboring cells.

· CC provides substantial performance improvement comparing to TA. In case of TA, about ~60% of UL packets show degraded performance comparing to the reference scenario.
· In terms of DL packet throughput, the substantial performance improvement is observed in both TA and CC scenarios. The CC shows slight packet throughput loss when it is compared with TA.
· In both CC and TA scenarios, the major DL and UL performance gains come from the existence of isolated cells with low coupling at Pico cell layer.
· The reduction of DL transmission power at flexible subframes (DLPC):

· does not provide meaningful improvement of the DL packet throughput in both TA and CC scenarios;
· shows slight incremental gains of the UL packet throughput in both TA and CC scenarios.
· The increased UL transmission power at flexible subframes:

· does not provide meaningful improvement of the DL packet throughput in both TA and CC scenarios;
· shows slight incremental gains of the UL packet throughput in both TA and CC scenarios.
· From system perspective, the increased UL power at flexible sub-frames increases power consumption of mobile terminal and also injects additional interference. On the other hand, the DL transmission power reduction may result in energy savings at the base station side.
5 Conclusions

In this contribution, we have studied different DL-UL interference mitigation mechanisms that can be applied in LTE-TDD systems with dynamic UL-DL reconfiguration at low power nodes. In our view, the approaches based on cell clustering and coordinated traffic adaptation (with identification of isolated cells, victim and aggressor cells) are straightforward and practical solutions, that can be recommended for DL-UL interference mitigation in LTE-TDD networks with dynamic UL-DL reconfiguration. In the considered scenario, the cell clustering techniques even without any power control provide substantial performance improvement comparing to the reference system. In addition, those methods prevent harmful UE-UE interference issues and transparent for UE implementation in terms of DL-UL interference mitigation. Inter-cell coordination is essential component for reliable operation of LTE-TDD systems with dynamic UL-DL reconfiguration and should be supported for handling DL-UL interference issues in practical TDD systems. Our evaluation of DL and/or UL power control in the Pico-Pico deployment scenario has shown relatively small incremental gains. Based on current analysis, we have the following proposals:
Proposal 1:

· Agree on the necessity of inter-cell coordination and cell-clustering based approaches for handling DL-UL interference issues in practical LTE-TDD systems.

Proposal 2:

· Continue work and discussion on technical details of inter-cell coordination to be specified in LTE Rel.12 for DL-UL interference mitigation and traffic management including potential changes in X2 interface.

Proposal 3:
· Consider to introduce eNB-eNB measurements and coordination to facilitate DL-UL interference mitigation techniques.
Proposal 4:

· Further study DL and UL power control schemes for DL-UL interference mitigation in other deployment scenarios (e.g. Scenario 4).
· Continue analysis of DL-UL interference mitigation schemes and analyze tradeoff between implementation complexity and incremental performance gains.
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Appendix – System Level Simulation Assumptions

Table 1. System level simulation assumptions for Pico-Pico scenario.
	Simulation Scenario
	Co-channel outdoor Pico-outdoor Pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m; [case1 in 36.942]

	Macro deployment
	The typical 19-cell and 3-sectored hexagon system layout [36.942]. Note that macro cells are deployed but not activated 

	Outdoor Pico deployment
	40m radius, random deployment; [36.814]

	Number of Pico cells per sector
	4

	Min. distance between outdoor Pico cells
	40m; [36.814]

	Min. distance between UE and outdoor Pico
	10m; [36.814]

	Outdoor Pico antenna pattern
	2D, Omni-directional; [36.814]

	Outdoor Pico antenna gain
	5 dBi; [36.814]

	UE antenna gain
	0 dBi; [36.942]

	Outdoor Pico noise figure
	13 dB; [36.104]

	UE noise figure
	9 dB; [36.814]

	Outdoor Pico max transmission power
	24 dBm as in [36.104]

	UE power class
	23 dBm (200 mW); [36.814]

	Number of UEs per Pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	Shadowing standard deviation between outdoor Pico cells
	6dB; [36.814]

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5; [36.814]

	Pathloss model
	

	Outdoor Pico to outdoor Pico
	LOS: 
if R<2/3 km, 
    PL(R)=98.4+20log10(R) [ free space loss]
else
    PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]
NLOS: 
PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probability of Relay-UE case1]

	Outdoor Pico to UE
	PL LOS(R)=103.8+20.9log10(R)    
PL NLOS(R)=145.4+37.5log10(R) 
For 2GHz, R in km 
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 Pico-UE]

	Penetration loss
	0 dB (Not modeled)

	UE to UE
	If R<=50m, PL=98.45+20*log10(R), R in km
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)
[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Evaluation metrics
	DL and UL metrics collected separately, following metrics can be used

· Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer

	Time scale for reconfiguration
	10ms

	Simulation methodology
	DL and UL shall be evaluated in an integrated simulator

	Scheduler
	FIFO

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Adaptation method of UL-DL reconfiguration
	The standard set of seven LTE UL-DL configurations was used for adaptation. The traffic adaptation algorithm was based on the estimation of the required number of the DL and UL subframes by taking into account the amount of data in DL/UL user queues and UE throughput capabilities.

	Link adaptation
	MCS selection with 10% BLER
If the highest MCS is selected, the BLER may be less than 10%

	Outdoor Pico DL power control
	According to analyzed interference management scheme

	UE UL Power control
	Open Loop Power Control P0 = -76 dBm, α = 0.8 on regular subframes

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations.

	Small scaling fading channel
	ITU UMi

	CP length
	Normal CP in both downlink and uplink.

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	The packet drop time is modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB). 

	Receiver type
	MMSE receiver

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order

	Shadowing standard deviation between outdoor Pico and UE
	3dB for LOS and 4dB for NLOS; [ ITU-R M.2135 UMi]

	Traffic model
	Same traffic generation methodology and arriving rate as agreed in isolated cell case [R1-120080], independent traffic generation per cell.  Same arriving rate for all the cells

	Reference TDD configuration
	TDD UL-DL # 1 with ratio of DL and UL arrival rate = 2/1

	HARQ modeling
	HARQ is modeled in combination with RLC Acknowledged Mode. Maximum 4 HARQ transmissions are used.

	HARQ retransmission scheme
	CC
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