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1. Introduction

In RAN1 #72 meeting, the scenarios for eIMTA were agreed.
· At least the multi-cell scenarios that show feasibility during study item phase should be supported in Rel-12 LTE TDD eIMTA work item, as the following

· Scenario 1: Multiple Femto cells deployed on the same carrier frequency

· Scenario 2: Multiple Femto 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 Femto cells can adjust UL-DL configuration

· 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

· Take scenarios 3-4 with the first priority for further evaluation and design

· FFS if other scenarios shall be considered in this work item, e.g. multiple operators deploying small cells with eIMTA operations on adjacent channels, co-channel macro-pico case (scenario 6 as in TR)
In this contribution, we propose applying different interference mitigation schemes to fixed and flexible subframes, based on the observation of significantly different interference situations in these two kinds of subframes. We evaluate the performance of an example interference mitigation scheme based on this idea, i.e., orthogonal frequency allocation between the DL and UL in flexible subframes. 
2. Interference Mitigation Schemes
Four potential interference mitigation schemes were described in TR 36.828 [2].
· Scheme 1: Cell clustering interference mitigation (CCIM)
· Scheme 2: Scheduling dependent interference mitigation (SDIM)
· Scheme 3: Interference mitigation based on eICIC/FeICIC schemes
· Scheme 4: Interference suppressing interference mitigation (ISIM)
2.1 Observation of Interference in Dynamic TDD System
For a dynamic TDD system with different UL-DL configurations, fixed subframes and flexible subframes can be defined according to the transmission variability direction of each subframe, as illustrated in Fig. 1. If the transmission direction of one subframe is always the same for the all candidate UL-DL configurations, it is categorized as a fixed subframe. Otherwise, it is a flexible subframe. Given that all seven UL-DL configurations can be utilized for traffic adaptation, subframes 0, 1, 2, 5, and 6 will be fixed subframes and subframes 3, 4, 7, 8, and 9 will be flexible subframes. Here we treat a special subframe as a DL subframe.
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Figure 1. Fixed vs. flexible subframes

It is generally observed [3-5] that in a dynamic TDD system, the interference situations in fixed subframes and flexible subframes are significantly different and the latter is more challenging, especially for data reception in a UL subframe due to strong eNB-to-eNB interference. To illustrate this, we compare the distribution of the UL SINR measured in fixed subframes to that in dynamic subframes. Numerical results are obtained from a system level evaluation and shown in Fig. 2. In our simulation, the ratio of the DL and UL FTP traffic arrival rates, i.e., λDL/λUL is fixed to 2.  Different traffic load values are considered, e.g., a low traffic load with λDL = 0.5 and a high traffic load with λDL = 2. We clearly observe that the UL SINR measured in the flexible subframes is much worse than the UL SINR measured in the fixed subframes, especially when the traffic load is higher. Therefore, it is reasonable to apply different interference mitigation schemes to fixed subframes and flexible subframes.
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Figure 2. SINR distribution in fixed subframes and flexible subframes
Observation 1: The UL SINR measured in the flexible subframes is much worse than the UL SINR measured in the fixed subframes, especially when the traffic load is higher.
Proposal 1: Interference mitigation schemes in flexible subframes should be investigated.
2.2 Interference Mitigation Scheme Based on Semi-orthogonal Frequency Allocation
In order to avoid strong eNB-to-eNB interference in flexible subframes, we propose an interference mitigation scheme based on semi-orthogonal frequency allocation. For one simple example shown in Fig. 3, orthogonal frequency resource allocation is applied to isolate the DL and UL in flexible subframes, while in fixed subframes no additional interference mitigation scheme will be used. Using this scheme, the strong eNB-to-eNB interference in flexible subframes can be avoided, although at the cost of degraded spectrum efficiency to some extent. In order to keep this cost at a tolerable level, some spectrum efficiency improvement techniques can be considered, e.g., combination of other interference mitigation schemes, e.g., CCIM, and full bandwidth transmission in fixed subframes. 
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Figure 3. Interference mitigation scheme based on semi-orthogonal frequency allocation
3. Evaluation Results

To verify the effectiveness of the proposed scheme, we perform system level simulations. Three TDD transmission schemes are considered.
· Fixed TDD UL/DL configuration scheme with reference UL/DL configuration 1
· Dynamic TDD traffic adaptation scheme without interference mitigation

· Dynamic TDD traffic adaptation scheme with interference mitigation wherein the interference is mitigated by orthogonal resource allocation between the DL and UL in flexible subframes

The performance is evaluated with different traffic loads. In all cases, the ratio of the DL and UL FTP traffic arrival rates, i.e., λDL/λUL is fixed to 2. The DL traffic arrival rate takes a value from {0.5, 2}. The dynamic TDD UL/DL reconfiguration time scale is assumed to be 10 ms. The packet throughput performance of the three considered schemes is summarized in Fig. 4.
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Figure 4. Packet throughput performance comparison
We observe that both traffic adaptation schemes, i.e., with and without interference mitigation, demonstrate a packet throughput performance gain over the fixed TDD configuration scheme, which indicates the traffic adaptation effectiveness. The traffic adaptation scheme without interference mitigation may face some problems in the UL when the traffic load is high. This is due to the fact that when the traffic load is high, there is a high probability that the UL data reception will be affected by the strong interference from the neighboring eNB DL transmission. The semi-orthogonal frequency allocation based interference mitigation scheme can avoid such interference by allocating orthogonal frequency resources to the UL and DL transmissions separately. The optimal solution for semi-orthogonal frequency allocation based on an interference mitigation scheme should be further designed to achieve the best tradeoff between resource utilization efficiency and interference avoidance.
4. Summary
In this contribution, we proposed applying different interference mitigation schemes to fixed and flexible subframes and evaluated the performance of one implementation example based on semi-orthogonal frequency allocation between the DL and UL in flexible subframes. The observation and proposals are summarized as follows.
Observation 1: The UL SINR measured in the flexible subframes is much worse than the UL SINR measured in the fixed subframes, especially when the traffic load is higher.
Proposal 1: Interference mitigation schemes in flexible subframes should be investigated.
References

[1] 3GPP, R1-130755, DOCOMO, “Deployment scenarios and interference mitigation schemes for eIMTA”
[2] 3GPP, TR 36.828, “Further enhancements to LTE TDD for DL-UL interference management and traffic adaptation”
[3] 3GPP, R1-122643, Intel, “Discussion on MCS mismatch between regular and flexible subframes in multi-cell outdoor pico scenario”
[4] 3GPP, R1-130290, Samsung, “Power control in flexible subframes for eIMTA”
[5] 3GPP, R1-130586, Qualcomm, “Interference mitigation schemes”
Appendix: Simulation Assumptions

In our performance evaluation of eIMTA, the cell average packet throughput (PTP) for the DL and UL are simulated for Scenario 3. In order to simplify the evaluation cases, only a subset of configurable parameters is considered, e.g., the 0.5 Mbytes file size, the fixed DL/UL ratio of 2:1, the two arrival rates, and the reconfiguration time scale of 10 ms. More simulation assumptions can be found in Table I.

Table I.  Simulation Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Macro deployment
	Typical 19-cell and 3-sectored hexagon system layout. Note that macrocells are deployed but not activated

	Inter-site distance
	500 m

	Outdoor picocell deployment
	40 m radius, random deployment

	Number of picocells per sector
	4

	Minimum distance 

between outdoor picocells
	40 m

	Minimum distance between outdoor pico and macrocells
	75 m

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

	Minimum distance 

between UE and outdoor picocell
	10 m

	Outdoor picocell antenna pattern
	2D, omni-directional

	Outdoor picocell antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Outdoor picocell noise figure
	13 dB

	UE noise figure
	9 dB

	Max. transmission power for outdoor picocell 
	24 dBm

	UE power class
	23 dBm (200 mW)

	Shadowing standard deviation between outdoor picocells
	6 dB

	Shadowing standard deviation between outdoor picocell and UE
	3 dB for LOS and 4 dB for NLOS

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor picocells
	0.5

	Path loss model

	Outdoor picocell to outdoor picocell
	LOS: if R<2/3 km, PL(R) = 98.4+20log10(R)

else, PL(R) = 101.9+40log10(R), R in km

NLOS: PL = 40log10(R)+169.36, R in km

Case 1: Prob(R) = 0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Outdoor picocell to UE
	PLLOS(R) = 103.8+20.9log10(R)    PLNLOS(R) = 145.4+37.5log10(R)  

For 2 GHz, R in km

Case 1: Prob(R) = 0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	UE to UE
	If R <= 50 m, PL = 98.45+20*log10(R), R in m

If R > 50 m, PL = 55.78 +40*log10(R), R in m (Xia model)

	Penetration loss between picocell and UE
	20 dB

	Simulation methodology
	Integrated DL/UL simulator

	Time scale for reconfiguration
	10 ms, 200 ms, 640 ms

	Reference TDD configuration
	TDD UL-DL configuration 1

	Scheduler
	FIFO

	Picocell antenna configuration
	1 Tx, 2 Rxs

	UE antenna configuration
	1 Tx, 2 Rxs

	Adaptation method of UL-DL reconfiguration
	Reconfiguration based on the amount of DL and UL data currently in the buffer

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

	System-to-link mapping
	AVI

	Link adaptation
	MCS selection with 10% BLER

	DL CSI feedback
	Ideal

	UL sounding
	Ideal

	Channel estimation
	Ideal

	Outdoor picocell DL power control
	Not modeled

	UE UL power control
	Open-loop: alpha = 0.8, Po = -76 dBm

	Small scale fading channel
	Not modeled

	CP length
	Normal

	Special subframe configuration
	Special subframe configuration #8

	Packet drop
	8 s

	Receiver type
	MMSE

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

	Traffic model
	FTP traffic model 1, independent traffic generation per cell. Same arrival rate for all cells, λDL = {0.5,2}, λUL = {0.25,1}, file size 0.5 Mbytes

	HARQ modeling
	Ideal HARQ timing, i.e., a retransmission can occur in the first available subframe after 8 ms. If the maximum number of HARQ transmissions (4) is reached for a TB, the TB is put back at the front of the data buffer.

	HARQ retransmission scheme
	CC

	Control channel and reference signal overhead
	DL:

• Overhead for CRS port 0

• Overhead for PDCCH: 2 OFDM symbols

UL:

• No SRS overhead

• Overhead for PUCCH: 2 PRBs

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


- 6/7 -

