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1. Introduction
In RAN1#72, several deployment scenarios were discussed and the following agreements were made [1]:

· 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)

· Companies are to have offline discussion this week to decide the necessity of email discussion. If  agreed, email discussion until 2/22/2013 on alignment of additional simulation assumption for further evaluation (Chunhai Yao, NSN)

· Conclusion: no email discussion needed at this time. 
This contribution contains the result of further studies on the deployment scenarios not taken with the first priority, that are, the scenarios including Femto cells (Scenarios 1 and 2), the co-channel macro-pico case (Scenario 6 in [2]), and the case where multiple operators deploying small cells with eIMTA operations on adjacent channels. Discussions focused on Scenarios 3 and 4 can be found in [3].
2. Scenarios with Femto cells (Scenario 1 and 2)
Extending X2 interface to CSG femto cells was discussed in RAN3 [4] but such extension is not supported at this moment [5]. So, if CSG femto cells are to be supported in dynamic UL-DL reconfigurations in Scenarios 1 and 2, a non-X2-based solution seems needed. Such non-X2-based solution had been adopted for eICIC operation in a network including CSG femto cells; the ABS configuration was informed by OAM and the eNB power setting was applied. 

As observed in [3], the eNB power setting in some flexible subframes can be an efficient ICIC method in operating dynamic UL-DL reconfigurations. In the scenarios where X2 interface is not available, OAM can be an alternative to the information exchange via backhaul signaling. For example, the information about the static and flexible subframes can be determined by OAM, and each HeNB can be informed of the set of subframe in which DL transmission power should be reduced. HeNB DL transmission power is already controlled by the requirement in [6] to mitigate interference to the systems in the co-channel and adjacent channel. However, as new eNB-to-eNB interference occurs in dynamic UL-DL reconfigurations and coordination message exchange may not be assumed in these scenarios, additional power setting is needed to protect the neighboring cells’ UL reception in the flexible subframes. This additional power setting may follow the operation explained in [3], but further simplification can be considered as well, e.g., by applying a predetermined eNB power backoff to the transmission power used in the static DL subframes. Once such subframe-specific eNB power setting is adopted for any other scenario, no additional specification seems necessary except for the HeNB power setting in the flexible subframes.
Observation 1: Non-X2-based ICIC is needed to support the scenarios containing CSG femto cells. The SF-specific eNB power setting on top of OAM-based UL-DL configuration coordination can be a solution.

3. Co-channel macro-pico scenario (Scenario 6)
This scenario is equivalent to Scenario 4 except the presence of the ACIR added to the link between macro layer and pico layer. As the operation of the eNB power setting scheme in [3] is described in a generic form, no functional difference is expected between Scenarios 4 and 6. We note that, if the transmission power of a certain pico eNB is set to zero (actually below a predetermined minimum transmission power level) as a result of such power setting operation, it can be interpreted as the unavailability of dynamic UL-DL reconfigurations in that pico cell due to the strong coupling between it and a nearby macro eNB. 
UL subframe blanking can be used additionally as indicated in [7]. For example, the macro eNB can blank some UL subframes to allow such closely-located pico eNBs to use them as DL subframes. This operation can be done by sending a kind of UL ABS configuration information from the macro cell to the pico cell.

Observation 2: On the basis of the eNB power setting scheme, the co-channel macro-pico case can be supported within the framework for the other scenarios containing pico cells. Some implementation-based solutions like subframe muting can be taken if necessary.

4. Scenario with multiple operators deploying small cells in adjacent channels
This scenario was not studied during the study item phase, but identified during RAN1#72 as an additional potential deployment scenario. 
According to the deterministic analysis method for the feasibility of the coexistence in [2], the minimum distance between the two eNBs in this scenario is given by 360 m in LOS channel and 11 m in NLOS channel. We note that 24 dBm small cell eNB transmission power is assumed in this analysis but, in the small cell evaluation assumptions in [8], 30 dBm small cell transmission power is also under consideration. Observing this result, it can be claimed that this scenario is not feasible without operating a sufficient ICIC method.
We also conducted system level simulations to check the feasibility further. Each operator has four pico cells in each macro cell area. It is also assumed that only pico cells are present in each operator’s frequency channel like Scenario 3 in [2]. As basic requirement of dynamic UL-DL configurations in this scenario, we assume that the two operators are provided with the radio frame synchronization and baseline UL-DL configuration alignment with UL-DL configuration #1. To check how much an operator is impacted by the dynamic UL-DL reconfigurations in another operator, we assume that Operator 0 has a fixed UL-DL configuration and Operator 1 employ the dynamic UL-DL reconfigurations. The following two options are considered in Operator 1:

- Option 1: The cell clustering scheme taking only Operator 1’s cells into account.

- Option 2: The subframe-specific eNB power setting where the eNB transmission power is set to 4 dBm in a flexible subframe which is used as UL subframe in Operator 0. 
Tables 1 summarizes the DL and UL performance under the above-mentioned assumptions. More detailed assumptions are in Appendix.
Table 1: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:2) in the scenario where two operators deploy small cells in adjacent channels. 

	Arrival rate 
	ICIC option in Operator 1
	Operator 0
	Operator 1

	
	
	Average macro DL throughput in kbps
	Average pico UL throughput in kbps
	Average macro DL throughput in kbps
	Average pico UL throughput in kbps

	0.5
	Fixed configuration
	20880.1
	14166.7
	20942.9
	14159

	
	Option 1
	20873.8 (0.0%)
	14053.8 (-0.8%)
	30122.7 (43.8%)
	12670.4 (-10.5%)

	
	Option 2
	20872.7 (0.0%)
	14122.1 (-0.3%)
	30433.9 (45.3%)
	13994.9 (-1.2%)

	1
	Fixed configuration
	19383.6
	12894.3
	19435.6
	13196.1

	
	Option 1
	19359.7 (-0.1%)
	12710.5 (-1.4%)
	26891 (38.4%)
	11523.1 (-12.7%)

	
	Option 2
	19372.9 (-0.1%)
	12880 (-0.1%)
	27684.1 (42.4%)
	12882.1 (-2.4%)

	1.5
	Fixed configuration
	18755.3
	12052.8
	19047.8
	12649.3

	
	Option 1
	18717.6 (-0.2%)
	11708 (-2.9%)
	24988.4 (31.2%)
	10470.5 (-17.2%)

	
	Option 2
	18757.7 (0.0%)
	11986.1 (-0.6%)
	26621.2 (39.8%)
	12198.4 (-3.6%)

	2.5
	Fixed configuration
	17342.5
	10690
	17496.3
	10970.8

	
	Option 1
	17300.9 (-0.2%)
	10177.2 (-4.8%)
	21445.4 (22.6%)
	8466.96 (-22.8%)

	
	Option 2
	17269.6 (-0.4%)
	10561.5 (-1.2%)
	23571.4 (34.7%)
	10379.5 (-5.4%)

	5
	Fixed configuration
	13790.9
	8090.96
	14249.6
	7992.81

	
	Option 1
	13484.3 (-2.2%)
	7285.98 (-9.9%)
	15530.4 (9.0%)
	5857.59 (-26.7%)

	
	Option 2
	13784.5 (0.0%)
	7974.29 (-1.4%)
	17660.8 (23.9%)
	7246.96 (-9.3%)


From this table, we can observe that using the maximum transmission power in a flexible subframe in Operator 1 (Option 1) leads to UL performance degradation in Operator 0 when the arrival rate is relative high. This degradation is caused by the eNB-to-eNB interference across the two operators. On the other hand, the negative impact on the UL performance in Operator 0 can be alleviated by reducing the eNB transmission power in Operator 1 in flexible subframes (Option 2) and the benefit of the dynamic UL-DL reconfigurations can be exploited. We also observe that such eNB transmission power reduction is more beneficial than the cell clustering scheme in terms of Operator 1 performance, which is in line with the observation in [3].
Observation 3: In the scenario where two operators deploy small cells in adjacent channels, dynamic UL-DL reconfiguration can provide performance benefit if the eNB transmission power is properly adjusted in the flexible subframes. This requires inter-operator coordination including radio frame synchronization and the baseline configuration alignment. 
5. Conclusion
This contribution discussed the femto cells scenarios, the co-channel macro-pico scenario, and the scenario where multiple operators deploying small cells with eIMTA operations on adjacent channels. The following observations were made:
Observation 1: Non-X2-based ICIC is needed to support the scenarios containing CSG femto cells. The SF-specific eNB power setting on top of OAM-based UL-DL configuration coordination can be a solution.

Observation 2: On the basis of the eNB power setting scheme, the co-channel macro-pico case can be supported within the framework for the other scenarios containing pico cells. Some implementation-based solutions like subframe muting can be taken if necessary.

Observation 3: In the scenario where two operators deploy small cells in adjacent channels, dynamic UL-DL reconfiguration can provide performance benefit if the eNB transmission power is properly adjusted in the flexible subframes. This requires inter-operator coordination including radio frame synchronization and the baseline configuration alignment. 

From these observations, we can conclude that the subframe-specific eNB power setting can be an effective ICIC method applicable to all the scenarios considered in this contribution. This leads to the following proposal:

Proposal: In order to broaden the applicable scenarios of the dynamic TDD UL-DL reconfigurations, it is suggested that a universal solution is supported for the ICIC operation. The subframe-specific eNB power setting can be an example of such solution.
______________________________________________________________________
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Appendix. Simulation parameters
Basic simulation assumptions are to be based on [2], and details on additional assumptions are as follows.

Table 2: Simulation assumptions
	Parameters
	Assumptions

	Deployment scenario
	19*3 Macro, 8 picos per Macro
(i.e., each operator has four pico cells in each macro cell area)

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	eNB antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Reconfiguration time scale 
	Every 10ms

	Metric
	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

·  Average throughput

· defined as the mean of packet throughput from all UEs

	Traffic model
	· FTP model 1 in 36.814

· Fixed packet size of 0.5M

· Poisson distributed with arrival rate λ

· Independent traffic modeling for DL and UL per UE

· Both low and high load cases shall be covered, value of lambda is selected within the value range

	Small scaling fading channel
	Not modeled

	DL/UL CSI feedback
	Ideal

	Control channel and reference signal overhead
	· DL

· Overhead for PDCCH: 2 OFDM symbols

· UL

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

	Channel estimation
	Ideal

	Scheduler
	· First-in-first-out packet scheduler

· Full bandwidth assignment, i.e. without frequency selective scheduling

· MCS selection by the large scale channel quality.

	· HARQ modeling
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms

· Chase-combining scheme

	UL power control
	· Open-loop power control with P0 = -76dBm and α = 0.8



































































































































PAGE  
5

