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1. Introduction

In RAN #58 meeting, the WI of eIMTA [1] has been approved. In RAN1 #72 meeting, the following topics with respect to eIMTA will be discussed
· Deployment scenarios

· Interference mitigation schemes

· Signaling mechanisms
In this contribution, we show our initial views related to eIMTA, including deployment scenarios, interference mitigation schemes, and reconfiguration signaling methods.
2. Deployment Scenarios
In the eIMTA SI phase, following four scenarios were investigated [2]:
· Scenario 1: Isolated pico cell

· Scenario 2: Multi-cell pico scenario

· Scenario 3: Co-channel multi-cell macro-pico scenario

· Scenario 4: Adjacent-channel multi-cell macro-pico scenario

From the performance evaluation results in [2], dynamic TDD can show significant performance gain compared to the fixed TDD configuration in Scenario 1 and Scenario 2, even without interference mitigation schemes. On the contrary, co-channel multi-cell macro-pico scenario is quite challenging to apply eIMTA, due to the strong eNB-to-eNB interference between macro and pico. For adjacent-channel multi-cell macro-pico scenario, the performance gain of eIMTA can be anticipated with some necessary interference mitigation.
In our network, one possible deployment scenario to adopt LTE UL-DL dynamic configuration is a small cell with the higher frequency carrier (e.g., 3.5 GHz) which is one of the target frequency bands in Rel-12 small cell enhancement (SCE). For SCE, we assume following scenarios as described in [3]:
· Frequency separated small cell deployment from macro cell
· Both non-ideal and ideal backhauls between macro and small cells, and among small cells
· Dense small cell deployment (Assume multiple small cells are adjacent with each other considering the dense small cell deployment)
Figure 1 shows one example of small cell deployment scenarios [3]. 
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Figure 1. Example of small cell deployment scenario 

Considering these scenarios, we are currently interested in LTE UL-DL dynamic configuration with following observations:
1) Affinity with “New Carrier Type (NCT) Small Cell using Dual Connectivity” in small cell enhancement
· Dual connectivity with macro cell (legacy carrier) and with small cell (NCT) is assumed

· No cell-specific signals/channels, i.e. PSS/SSS, CRS, MIB/SIB, etc. in NCT 
· Dynamic DL/UL slot reconfigurations can be easily realized in NCT
· Macro cell may assist dynamic DL/ UL assignments in NCT
We expect eIMTA has an affinity with the potential technology of NCT small cell using dual connectivity in SCE. Although it depends on the definition of NCT, UL-DL dynamic configuration can be easily realized in NCT since there are no (or much less) cell-specific signals/channels, i.e. PSS/SSS, CRS, MIB/SIB, etc. In addition, since NCT small cell can be associated with macro cell in R12 dual connectivity, macro cell may assist the dynamic DL/ UL assignments in NCT small cell.
2) Efficient radio resource utilization
· Dynamic UL-DL configuration may achieve more flexible (efficient) resource utilization, where DL/UL traffic is asymmetric and dynamically change
In most of UE cases, such as web browsing, massive file downloading, and video streaming, the DL/UL traffic is asymmetric and dynamically variable. In addition, in small cells, the traffic variation may be more fluctuated for both DL and UL than that in macro cell. Dynamic UL-DL configuration may achieve more flexible (efficient) resource utilization when DL/UL traffic is asymmetric and dynamically changes.
3) Time synchronization cost
Seeing the current discussions, we feel that almost all studies in eIMTA SI assumed the tight synchronization condition. However, in the small cell enhancement deployment scenarios, we could not always assume the tight synchronization. For example, considering the dense small cell deployment scenarios, it would be bothersome to realize complete time synchronization for all small cells. If we use GPS for the small cell, possible small cell deployment scenario would be limited considering the cost of GPS, installation cost, and installation condition (e.g., indoor). We should consider the new requirement regarding the synchronization accuracy level derived from scenarios in Rel-12 small cell enhancement, although the introduction of eIMTA may relax the tight requirement of time synchronization compared to the conventional (static) TDD case.
4) Co-existence possibility between D2D and small cell enhancement in the future cellular network
New SI on LTE device to device (D2D) proximity services is started from this WG meeting. Considering the co-existence possibility between D2D and small cell enhancement in the future cellular network, we can expect the commonality between D2D and eIMTA if we apply eIMTA to the small cell enhancement deployment scenarios. 
5) No coordination would be needed among operators
Adjacent channel interference (ACI) between two different operators’ carriers is one of the critical problems among operators to deploy the TDD system. If we consider applying eIMTA to the small cell enhancement deployment scenarios, we recommend investigating techniques related to the ACI problem assuming the scenarios and requirements in Rel-12 small cell enhancement SI.
Observation 1: eIMTA has an affinity with the potential technology in Rel-12 small cell enhancement
Observation 2: We can expect the commonality between D2D and eIMTA if we apply eIMTA to the small cell enhancement deployment scenarios considering the co-existence possibility between D2D and small cell enhancement in the future cellular network
Proposal 1: Deployment Scenarios which will be discussed in Rel-12 Small Cell Enhancement SI should be considered in eIMTA WI
Proposal 2: Requirements derived from deployment scenarios in Rel-12 small cell enhancement, e.g., the synchronization accuracy level, should be considered in eIMTA WI
Proposal 3: The co-channel multi-pico scenario should be investigated with the highest priority, however, more requirements in small cell deployment should also be considered, e.g.,
· Ideal vs. non-ideal backhaul
· Synchronization requirement
· Deployment density, from sparse (e.g., isolated) to super-dense (e.g. 10 small cells/sector)
· Non-uniform distribution of small cells, UEs and traffic load
Proposal 4: Further investigation is needed related to the adjacent carrier interference problem (i.e., the adjacent channel multi-small cells (pico cells) scenario that was not included in the eIMTA SI should also be considered) especially focusing on the scenarios and requirements in Rel-12 small cell enhancement SI.

3. Interference Mitigation Schemes
Following four potential interference mitigation schemes were captured in TR 36.828 [2]:
· Scheme 1: Cell clustering interference mitigation (CCIM)
· Divide the cells into cell clusters according to some metric(s), such as coupling loss, interference level, etc., between cells

· Scheme 2: Scheduling dependent interference mitigation (SDIM)
· Adjust the scheduling strategies e.g. link adaptation, resource allocation, DL/UL transmit power, transmission direction of a subframe

· Scheme 3: Interference mitigation based on eICIC/FeICIC schemes
· Reuse the interference mitigation schemes and procedures from eICIC/FeICIC
· Scheme 4: Interference suppressing interference mitigation (ISIM)
· Suppress one or more of the dominant eNB-to-eNB interfering signals

Each of the above four interference mitigation schemes has its own pros and cons and the specification impact of different schemes are also different. Seeing the current discussions, we feel that the study and performance evaluation of different interference mitigation schemes may be not enough due to the limited time of eIMTA SI. In addition, if we consider applying eIMTA to the small cell enhancement deployment scenarios, we should investigate the interference mitigation schemes by assuming the scenarios and requirements in Rel-12 small cell enhancement SI. Considering these situation, we have following views:
· Further investigation including performance evaluation is needed for the interference mitigation schemes especially focusing on deployment scenarios and requirements in Rel-12 small cell enhancement
· We should consider the requirements derived from deployment scenarios in Rel-12 small cell enhancement, e.g., the synchronization accuracy level, to investigate interference mitigation schemes
· Considering the possible requirements and scenarios in small cell enhancement SI, we are currently interested in following interference mitigation schemes as a starting point
· Scheme 1 and 2, especially focusing on the resource orthogonalization, power control, etc.
Proposal 5: Further investigations including performance evaluations would be needed for the interference mitigation schemes especially focusing on deployment scenarios and requirements in Rel-12 small cell enhancement. Unified interference mitigation schemes for different scenarios are desirable
3.1 Half-duplex FDD like radio resource assignment
In this section, we propose one of the possible approaches to achieve the interference mitigation and the ACI problem, named half-duplex FDD like radio resource assignment in a NCT small cell using dual connectivity. In this technique, the DL and UL take place not only on distinct carriers but also at different subframes for one particular UE. An example of the scheme for one particular small cell is shown in Fig. 2. In this example, each cell can use both carriers with DL only on carrier #0 and UL only on carrier #1. Basically, the half-duplex FDD like technique can be regarded as a hybrid combination of TDD and FDD. In stand-alone half-duplex FDD, the scheduler would need to consider whether or not UE has to receive common signals/channels, such as MIB/ SIB and paging signals. In the proposed half-duplex FDD in NCT small cell using dual connectivity, cell-specific signals/ channels can be removed, and so BS scheduling flexibility/ complexity would be reduced. Furthermore, the DL/ UL bandwidth may be flexibly adjusted in NCT and efficient radio resource utilization would be possible, because the fixed system bandwidth may not be needed for NCT.
It is noted that, the base station can be full-duplex while the UEs are half-duplex. Compared to full-duplex FDD, half-duplex FDD has the advantage of that there will be no need for duplexer for the UEs, thus conventional TDD UEs can be used for both TDD system and the proposed half-duplex FDD-like operation system. It should also be noted that there may be some spacing needed between the two carriers (which is not shown in Fig. 2). The spacing is related to the adjacent channel interference ratio (ACIR), which may affect the system performance.
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Figure 2. Half-duplex FDD like radio resource assignment
4. Reconfiguration Signaling Methods
Following four UL-DL reconfiguration signaling methods were captured in TR 36.828 [2]:
· Method 1 – System information signaling
· Method 2 – RRC signaling
· Method 3 – MAC control element signaling
· Method 4 – Physical layer signaling

As we can see our performance evaluation results in Appendix, supportable minimum reconfiguration time scale becomes smaller and a higher traffic adaptation capability can be achieved. However, considering the specification impact, signaling overhead, and influence to legacy UEs, further investigation may be needed. In addition, if we consider applying eIMTA to the small cell enhancement deployment scenarios, we should investigate the reconfiguration signaling methods by assuming the scenarios and requirements in Rel-12 small cell enhancement SI. Considering these situation, we have following views:
· Further investigation including performance evaluation is needed for the reconfiguration signaling methods especially focusing on deployment scenarios and requirements in Rel-12 small cell enhancement
· We should consider the requirements derived from deployment scenarios in Rel-12 small cell enhancement, e.g., the synchronization accuracy level to investigate reconfiguration signaling
Proposal 6: Further investigations including performance evaluations would be needed for the reconfiguration signaling methods especially focusing on deployment scenarios and requirements in Rel-12 small cell enhancement 
5. Summary
In this contribution, we showed our initial views related to eIMTA, including deployment scenarios, interference mitigation schemes, and reconfiguration signaling methods as follows.
Observation 1: eIMTA has an affinity with the potential technology in Rel-12 small cell enhancement
Observation 2: We can expect the commonality between D2D and eIMTA if we apply eIMTA to the small cell enhancement deployment scenarios considering the co-existence possibility between D2D and small cell enhancement in the future cellular network
Proposal 1: Deployment Scenarios which will be discussed in Rel-12 Small Cell Enhancement SI should be considered in eIMTA WI
Proposal 2: Requirements derived from deployment scenarios in Rel-12 small cell enhancement, e.g., the synchronization accuracy level, should be considered in eIMTA WI
Proposal 3: The co-channel multi-pico scenario should be investigated with the highest priority, however, more requirements in small cell deployment should also be considered, e.g.,
· Ideal vs. non-ideal backhaul
· Synchronization requirement
· Deployment density, from sparse (e.g., isolated) to super-dense (e.g. 10 small cells/sector)
· Non-uniform distribution of small cells, UEs and traffic load
Proposal 4: Further investigation is needed related to the adjacent carrier interference problem (i.e., the adjacent channel multi-small cells (pico cells) scenario that was not included in the eIMTA SI should also be considered) especially focusing on the scenarios and requirements in Rel-12 small cell enhancement SI

Proposal 5: Further investigations including performance evaluations would be needed for the interference mitigation schemes especially focusing on deployment scenarios and requirements in Rel-12 small cell enhancement. Unified interference mitigation schemes for different scenarios are desirable
Proposal 6: Further investigations including performance evaluations would be needed for the reconfiguration signaling methods especially focusing on deployment scenarios and requirements in Rel-12 small cell enhancement
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Appendix: Initial Evaluation Results and Simulation Assumptions

In our initial performance evaluation of eIMTA, the cell average packet throughput (PTP) for both DL and UL are simulated for Scenario 1 and Scenario 2, as specified in TR 36.828. No interference mitigation schemes are implemented. In order to simplify the evaluation cases, only a subset of configurable parameters is considered, e.g., the 0.5Mbytes file size, the fixed DL/UL ratio of 2:1, two arriving rates, and 4 time scales. More simulation assumptions can be found in Table I.
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Figure A-1. Cell Average PTP for Scenario 1.
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Figure A-2. Cell Average PTP for Scenario 2.

According to Figure A-1 and A-2, we can observe that dynamic TDD reconfiguration can always achieve performance gain in terms of cell average PTP for scenario 1. For scenario 2, the performance gain is still apparent when the traffic load is low, even without any interference mitigation schemes. Also, the influence of reconfiguration time scale is consistent for different scenarios and different traffic load, i.e., the smaller reconfiguration time scale, the larger performance gain.
Table I – Simulation Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

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

	Inter-site distance
	500 m

	Outdoor Pico deployment
	40m radius, random deployment

	Number of Pico cells per sector
	4

	Minimum distance 
between outdoor Pico cells
	40 m

	Minimum distance between outdoor Pico and Macro
	75 m

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

	Minimum distance 
between UE and outdoor Pico
	10 m

	Outdoor Pico antenna pattern
	2D, Omni-directional

	Outdoor Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Outdoor Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Outdoor Pico max transmission power
	24 dBm

	UE power class
	23 dBm (200 mW)

	Shadowing standard deviation between  outdoor Pico cells
	6dB

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

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5

	Pathloss model

	Outdoor Pico to outdoor Pico
	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 Pico to UE
	PLLOS(R)=103.8+20.9log10(R)    PLNLOS(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))

	UE to UE
	If R<=50m, PL=98.45+20*log10(R), R in m
If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)

	Penetration loss between Pico and UE
	20 dB

	Simulation methodology
	Integrated DL/UL simulator

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

	Reference TDD configuration
	TDD UL-DL configuration 1

	Scheduler
	FIFO

	Pico antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	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 Pico DL power control
	Not modeled

	UE UL Power control
	open-loop : alpha = 0.8, Po= -76dBm

	Small scaling fading channel
	Not modeled

	CP length
	Normal

	Special subframe configuration
	Special subframe configuration #8

	Packet drop
	Not modeled

	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 arriving rate for all the cells, λDL={0.5,2}, λUL={0.25,1}, file size 0.5Mbytes

	HARQ modeling
	Ideal HARQ timing, i.e., a retransmission can happen 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 to 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 DMRS: 2 symbols per subframe
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