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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. 

It was already concluded in [2] that dynamic TDD UL-DL reconfigurations are not feasible unless the new inter-cell interference is mitigated sufficiently. Hence, in order to support the deployment scenarios in the above agreements, the specification should support suitable ICIC schemes. This contribution discusses several ICIC schemes considered so far, focusing on Scenarios 3 and 4 that were taken with the first priority. Discussions on the ICIC schemes in the other scenarios can be found in [3].
2. Discussion on the potential ICIC schemes
In [2], potential ICIC schemes were categorized as follows:

- Scheme 1: Cell clustering interference mitigation
- Scheme 2: Scheduling dependent interference mitigation
- Scheme 3: Interference mitigation based on eICIC/FeICIC schemes
- Scheme 4: Interference suppressing interference mitigation
Schemes 2 and 3 share the commonality that inter-cell interference is mitigated by controlling the wireless resources properly (e.g., reducing the transmission power in some subframes as in ABS). In addition, both schemes complement each other in a typical ICIC operation. Considering an exemplary operation similar to the one based on ABS, the two coordinating eNBs first exchange the information on the sets of subframes subject to interference type 1 (e.g., eNB-to-UE interference) and interference type 2 (e.g., UE-to-UE interference) along with resource-specific UE measurement and report configuration based on  Scheme 3. Then, based on Scheme 2, each of the two eNB properly schedules DL and UL transmissions in its cell by means of transmit power control, link adaptation, resource muting, and so on. As Scheme 4 is largely implementation dependent from the viewpoint of eNB-eNB interference mitigation and may have some relation to the study item of the NA-ICS [4], we focus on the two ICIC schemes throughout this contribution – the cell clustering scheme that is Scheme 1 in [2] and the subframe-specific eNB power setting that can be regarded as a generalized form of the combination of Schemes 2 and 3 (note that setting the zero power transmission is equivalent to muting the corresponding resources). Detailed operations of the two schemes considered in this contribution are as follows:
- Cell clustering scheme: Pico cells are clustered based on the coupling loss in the eNB-eNB links. A pico cell is selected as the center of a cluster and all the pico cells with the coupling loss less than a given threshold are included in the same cluster. The cluster center cell selection and the subsequent clustering are performed in a sequential manner, so as a result, an eNB-eNB link between two cells belonging to different clusters may have a coupling loss less than the threshold because the clustering is determined from the cluster center perspective as illustrated in Figure 1. This phenomenon can cause the inter-cluster interference as will be discussed later. We also note that some clusters may include only one cell depending on pico cell dropping. It is assumed that all the cells within a cluster uses the same UL-DL configuration which is determined by the UL and DL traffic buffer size aggregated in the cluster. The coupling loss threshold is set to 80 dB in the cell clustering scheme.
- eNB power setting scheme: The pico cell layer defines the baseline UL-DL configurations. Each eNB uses the maximum transmission power in the subframes which are configured as DL in the baseline configuration. When an eNB changes its UL-DL configuration and a subframe, which was a UL subframe in the baseline configuration, is changed to a DL subframe, the eNB uses a reduced transmission power to protect the potential UL reception at the other eNBs. To differentiate the subframe types, we use the terminology of “static subframe” and flexible subframe as explained in [5]. In this contribution, static DL subframes are the subframes configured as DL in the baseline configuration, and flexible subframes are those that are configured as UL in the baseline configuration but indicated as DL as a result of dynamic reconfiguration. The DL transmission power in the flexible subframes is determined based on the target IoT of each eNB and the coupling loss between the two eNBs. To be specific, when an eNB sets its target IoT to X (in linear scale), assuming that there are N potential interfering eNBs around it, each interfering eNB determines its transmission power such that its signal arrives at the concerned eNB with the power of X/N. Throughout this contribution, the number of potential interfering eNBs is assumed to be 4, the number of pico eNBs within a macro cell sector. Figure 2 illustrates this eNB power setting scheme.
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Figure 1. Illustration of the cell clustering scheme and potential inter-cluster interference.
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Figure 2. Illustration of the eNB power setting scheme assuming that the baseline configuration is UL-DL configuration 1.
For the performance evaluation that will be discussed in the subsequent sections, we consider the following four operation options. Details of the simulation parameters are in Appendix.
- Option 1: Fixed UL-DL configuration

- Option 2: Dynamic reconfiguration without any ICIC

- Option 3: Dynamic reconfiguration with the cell clustering scheme
- Option 4: Dynamic reconfiguration with the eNB power setting scheme
We note that the two discussed ICIC schemes can be combined in the operation. For example, the eNB power setting can be adopted on top of the cell clustering scheme as a tool for inter-cluster interference mitigation.

3. Evaluation in the ideal backhaul case
This section provides the evaluation result assuming the ideal backhaul, i.e., zero delay in exchanging any ICIC information among cells. As it was assumed that the UL-DL reconfiguration signaling to the UEs can transmitted in every 10 ms, the UL-DL configuration is updated with the 10 ms period based on the buffer status observed at the time instance of the update.
3.1. Scenario 3
In this scenario, Option 1, the fixed UL-DL configuration, uses UL-DL configuration 1. The baseline configuration for the eNB power setting scheme is set to UL-DL configuration 0 in order to allow each eNB to select any of the 7 UL-DL configurations. Note that the clustering scheme is insensitive to the baseline configuration as any of the 7 UL-DL configurations can be used for each cluster. 
Table 2 and 3 summarize the evaluation results for the UL-DL traffic arrival ratio (1:1) and (1:2), respectively. The tables also show the relative performance gain compared to that of the fixed UL-DL configuration (i.e., Option 1).
Table 2: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:1) in Scenario 3 with the ideal backhaul.

	Arrival rate 
	ICIC option
	Average DL throughput in kbps
	Average UL throughput in kbps

	0.5
	Option 1
	19331
	11875.5

	
	Option 2
	23567.1 (21.9%)
	15996.3 (34.7%)

	
	Option 3
	22478.5 (16.3%)
	16043.2 (35.1%)

	
	Option 4
	23927.2 (23.8%)
	17043.5 (43.5%)

	1
	Option 1
	17168.5
	9868.02

	
	Option 2
	17874.5 (4.1%)
	12693.4 (28.6%)

	
	Option 3
	17215.5 (0.3%)
	12913.3 (30.9%)

	
	Option 4
	18237.7 (6.2%)
	13553.5 (37.3%)

	1.5
	Option 1
	15973
	8655.89

	
	Option 2
	14827.4 (-7.2%)
	9985.34 (15.4%)

	
	Option 3
	14253.2 (-10.8%)
	10301.3 (19.0%)

	
	Option 4
	15047.9 (-5.8%)
	10950 (26.5%)

	2.5
	Option 1
	13620.4
	6602.97

	
	Option 2
	10148 (-25.5%)
	6684.55 (1.2%)

	
	Option 3
	9902.34 (-27.3%)
	6959.95 (5.4%)

	
	Option 4
	10420.2 (-23.5%)
	7188.82 (8.9%)


Table 3: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:2) in Scenario 3 with the ideal backhaul.

	Arrival rate 
	ICIC option
	Average DL throughput in kbps
	Average UL throughput in kbps

	0.5
	Option 1
	19449.5
	13396.2

	
	Option 2
	25989.7 (33.6%)
	17374.6 (29.7%)

	
	Option 3
	24634.2 (26.7%)
	17273.5 (28.9%)

	
	Option 4
	26015.4 (33.8%)
	18251.4 (36.2%)

	1
	Option 1
	17127.6
	12137.2

	
	Option 2
	20054.2 (17.1%)
	14268.3 (17.6%)

	
	Option 3
	19174.1 (11.9%)
	14251.2 (17.4%)

	
	Option 4
	20219.5 (18.1%)
	15190.7 (25.2%)

	1.5
	Option 1
	16436.7
	10551.4

	
	Option 2
	17961.6 (9.3%)
	11817 (12.0%)

	
	Option 3
	17279.6 (5.1%)
	11891.8 (12.7%)

	
	Option 4
	18295.1 (11.3%)
	12604.8 (19.5%)

	2.5
	Option 1
	13502.5
	8424.23

	
	Option 2
	12673.3 (-6.1%)
	7837.79 (-7.0%)

	
	Option 3
	12284.6 (-9.0%)
	7959.23 (-5.5%)

	
	Option 4
	12851.7 (-4.8%)
	8538.33 (1.4%)


From the two tables, we can observe that the eNB power setting scheme (i.e., Option 4) shows the best performance both in DL and UL throughput. There is a general tendency that the performance benefit of dynamic UL-DL reconfiguration decreases as the arrival rate increases, and even some performance loss can be observed in a relatively high arrival rate. The above result reveals that the eNB power setting can provide the benefit of dynamic UL-DL reconfigurations in a wider operation range.

In the eNB power setting, the benefit in the UL performance comes from the lowered eNB transmission power which reduces the eNB-to-eNB interference. On the other hand, using the cell clustering scheme alone cannot fully address the eNB-to-eNB interference problem due to the discussed inter-cluster interference. As a result, even though Option 3 improves the UL performance compared to Option 2 at the cost of compromised DL performance, it still has worse UL performance than Option 4. Improving the UL performance by the eNB power setting is also beneficial in the DL throughput because an eNB can empty its UL buffer fast with the improved UL throughput and has more chance to select DL-heavy UL-DL configuration when a DL packet arrives.
3.2. Scenario 4
In this scenario, the macro cell uses UL-DL configuration 1 and does not change the configuration. The same configuration is used for pico cells in Option 1. For any dynamic reconfiguration operation, it is prohibited for a pico eNB to configure a subframe, which is configured as DL subframe or special subframe in the macro cell, as a UL subframe in order to avoid strong macro-to-pico interference. This implies that the baseline configuration for the eNB power setting is set to UL-DL configuration 1. 
Table 4: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:1) in Scenario 4 with the ideal backhaul.

	Arrival rate 
	ICIC option
	Average macro DL throughput in kbps
	Average macro UL throughput in kbps 
	Average pico DL throughput in kbps
	Average pico UL throughput in kbps

	0.5
	Option 1
	13027.1
	1682.67
	21071.7
	11368.1

	
	Option 2
	13027.6 (0.0%)
	1603.84 (-4.7%)
	30582.3 (45.1%)
	10947.3 (-3.7%)

	
	Option 3
	13027.6 (0.0%)
	1608.67 (-4.4%)
	30389.8 (44.2%)
	10965.6 (-3.5%)

	
	Option 4
	13026.7 (0.0%)
	1640.94 (-2.5%)
	30821.5 (46.3%)
	11159.5 (-1.8%)

	1
	Option 1
	5448.85
	1784.58
	21024.1
	9149.36

	
	Option 2
	5448.34 (0.0%)
	1721.57 (-3.5%)
	28588.5 (36.0%)
	8756.8 (-4.3%)

	
	Option 3
	5448.59 (0.0%)
	1728.36 (-3.2%)
	28054.9 (33.4%)
	8782.6 (-4.0%)

	
	Option 4
	5448.54 (0.0%)
	1751.84 (-1.8%)
	29209.4 (38.9%)
	8895.25 (-2.8%)

	1.5
	Option 1
	5240.8 
	2668.95
	21202
	9040.3

	
	Option 2
	5240.81 (0.0%)
	2491.12 (-6.7%)
	27595.7 (30.2%)
	8430.32 (-6.7%)

	
	Option 3
	5240.81 (0.0%)
	2511.68 (-5.9%)
	26737.3 (26.1%)
	8528.97 (-5.7%)

	
	Option 4
	5240.81 (0.0%)
	2572.41 (-3.6%)
	28670.4 (35.2%)
	8637.01 (-4.5%)

	2.5
	Option 1
	4441.48
	2627.89
	20067.6
	8055.17

	
	Option 2
	4441.48 (0.0%)
	2498.95 (-4.9%)
	23908 (19.1%)
	7344.66 (-8.8%)

	
	Option 3
	4441.48 (0.0%)
	2515.09 (-4.3%)
	23507.7 (17.1%)
	7387.11 (-8.3%)

	
	Option 4
	4441.49 (0.0%)
	2547.8 (-3.0%)
	24751.5 (23.3%)
	7546.89 (-6.3%)


Table 5: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:2) in Scenario 4 with the ideal backhaul.

	Arrival rate 
	ICIC option
	Average macro DL throughput in kbps
	Average macro UL throughput in kbps 
	Average pico DL throughput in kbps
	Average pico UL throughput in kbps

	0.5
	Option 1
	13579.10 
	4085.66 
	20995.00 
	11372.30 

	
	Option 2
	13579.20 (0.0%)
	3616.78 (-11.5%)
	30879.00 (47.1%)
	10915.10 (-4.0%)

	
	Option 3
	13579.20 (0.0%)
	3623.11 (-11.3%)
	30730.00 (46.4%)
	10916.50 (-4.0%)

	
	Option 4
	13579.20 (0.0%)
	3833.20 (-6.2%)
	31069.00 (48.0%)
	11142.10 (-2.0%)

	1
	Option 1
	5958.46 
	3168.11 
	20912.00 
	9750.83 

	
	Option 2
	5958.56 (0.0%)
	2821.45 (-10.9%)
	29602.70 (41.6%)
	9312.81 (-4.5%)

	
	Option 3
	5958.56 (0.0%)
	2822.62 (-10.9%)
	29304.40 (40.1%)
	9358.92 (-4.0%)

	
	Option 4
	5958.50 (0.0%)
	2958.34 (-6.6%)
	30155.20 (44.2%)
	9446.56 (-3.1%)

	1.5
	Option 1
	5543.57 
	3599.84 
	21205.50 
	9504.25 

	
	Option 2
	5543.57 (0.0%)
	3302.92 (-8.2%)
	29264.00 (38.0%)
	9007.99 (-5.2%)

	
	Option 3
	5543.57 (0.0%)
	3306.90 (-8.1%)
	28996.90 (36.7%)
	8986.17 (-5.5%)

	
	Option 4
	5543.57 (0.0%)
	3413.22 (-5.2%)
	29946.50 (41.2%)
	9225.30 (-2.9%)

	2.5
	Option 1
	4610.47 
	3209.51 
	20172.90 
	8784.55 

	
	Option 2
	4610.47 (0.0%)
	2897.71 (-9.7%)
	25846.90 (28.1%)
	7844.22 (-10.7%)

	
	Option 3
	4610.47 (0.0%)
	2906.22 (-9.4%)
	24936.20 (23.6%)
	7941.46 (-9.6%)

	
	Option 4
	4610.47 (0.0%)
	3001.92 (-6.5%)
	26873.10 (33.2%)
	8179.75 (-6.9%)


From the above tables, it can be observed that the macro cell UL performance is impacted by the interference from the pico eNBs, and this impact is effectively mitigated by the eNB power setting scheme. We can also observe that the eNB power setting scheme provides the pico cells with better UL and DL performance than the other evaluated ICIC options. 
The results summarized Tables 1 – 4 reveal the effectiveness of the eNB power setting scheme in both Scenarios 3 and 4.
Observation 1: The eNB power setting in flexible DL subframes can provide effective ICIC operations in Scenario 3 and 4. Significant performance improvement can be observed in both DL and UL when compared to the dynamic UL-DL reconfigurations without having such eNB power adjustment.
4. Evaluation in the non-ideal backhaul case
This section provides the evaluation result assuming the non-ideal backhaul. The backhaul latency is assumed to be {10, 50} ms, the two large latency values in the evaluation assumptions for the small cell study [6]. We note that this backhaul latency affects only the cell clusters containing more than one cell. We assume that each eNB in a cluster reports its traffic status to the cluster scheduler and the cluster scheduler determines the most suitable configuration to be informed to the cluster members. As a result, even though the reconfiguration message can be transmitted to the UEs in every 10 ms, the buffer status reflected in the reconfiguration message is not the one observed at the update time instance. Based on the above assumptions, the UL-DL configuration informed to the UEs at the subframe n is determined based on the buffer status observed at the subframe n-2*d where d denotes the backhaul latency.
Table 6 and 7 show the average DL and UL throughput in the presence of the backhaul latency for the UL-DL arrival ratio (1:1) and (1:2), respectively. Scenario 3 is assumed and all the operations are the same as those in Section 4.1 except that the backhaul latency was reflected in the clusters having more than one cell in Options 3.
Table 6: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:1) in Scenario 3 with the non-ideal backhaul.

	Arrival rate 
	ICIC option
	Average DL throughput in kbps
	Average UL throughput in kbps

	0.5
	Option 1
	19331
	11875.5

	
	Option 3 (d=0ms)
	22478.5 (16.3%)
	16043.2 (35.1%)

	
	Option 3 (d=10ms)
	22266 (15.2%)
	16068.8 (35.3%)

	
	Option 3 (d=50ms)
	21380.8 (10.6%)
	16145 (36.0%)

	
	Option 4
	23927.2 (23.8%)
	17043.5 (43.5%)

	1
	Option 1
	17168.5
	9868.02

	
	Option 3 (d=0ms)
	17215.5 (0.3%)
	12913.3 (30.9%)

	
	Option 3 (d=10ms)
	17186 (0.1%)
	12886.5 (30.6%)

	
	Option 3 (d=50ms)
	16896.4 (-1.6%)
	12842.6 (30.1%)

	
	Option 4
	18237.7 (6.2%)
	13553.5 (37.3%)

	1.5
	Option 1
	15973
	8655.89

	
	Option 3 (d=0ms)
	14253.2 (-10.8%)
	10301.3 (19.0%)

	
	Option 3 (d=10ms)
	14176 (-11.3%)
	10329.2 (19.3%)

	
	Option 3 (d=50ms)
	14056.3 (-12.0%)
	10260.1 (18.5%)

	
	Option 4
	15047.9 (-5.8%)
	10950 (26.5%)

	2.5
	Option 1
	13620.4
	6602.97

	
	Option 3 (d=0ms)
	9902.34 (-27.3%)
	6959.95 (5.4%)

	
	Option 3 (d=10ms)
	9889.27 (-27.4%)
	6950.28 (5.3%)

	
	Option 3 (d=50ms)
	9851.12 (-27.7%)
	6954.26 (5.3%)

	
	Option 4
	10420.2 (-23.5%)
	7188.82 (8.9%)


Table 7: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:2) in Scenario 3 with the non-ideal backhaul.

	Arrival rate 
	ICIC option
	Average DL throughput in kbps
	Average UL throughput in kbps

	0.5
	Option 1
	19449.5
	13396.2

	
	Option 3 (d=0ms)
	24634.2 (26.7%)
	17273.5 (28.9%)

	
	Option 3 (d=10ms)
	24129.6 (24.1%)
	17295.6 (29.1%)

	
	Option 3 (d=50ms)
	22666.1 (16.5%)
	17380.4 (29.7%)

	
	Option 4
	26015.4 (33.8%)
	18251.4 (36.2%)

	1
	Option 1
	17127.6
	12137.2

	
	Option 3 (d=0ms)
	19174.1 (11.9%)
	14251.2 (17.4%)

	
	Option 3 (d=10ms)
	19046.8 (11.2%)
	14283.7 (17.7%)

	
	Option 3 (d=50ms)
	18649.4 (8.9%)
	14416.1 (18.8%)

	
	Option 4
	20219.5 (18.1%)
	15190.7 (25.2%)

	1.5
	Option 1
	16436.7
	10551.4

	
	Option 3 (d=0ms)
	17279.6 (5.1%)
	11891.8 (12.7%)

	
	Option 3 (d=10ms)
	17155.3 (4.4%)
	11835.7 (12.2%)

	
	Option 3 (d=50ms)
	16956.4 (3.2%)
	11897.2 (12.8%)

	
	Option 4
	18295.1 (11.3%)
	12604.8 (19.5%)

	2.5
	Option 1
	13502.5
	8424.23

	
	Option 3 (d=0ms)
	12284.6 (-9.0%)
	7959.23 (-5.5%)

	
	Option 3 (d=10ms)
	12284.4 (-9.8%)
	7935.36 (-5.8%)

	
	Option 3 (d=50ms)
	12151 (-10.0%)
	7915.38 (-6.0%)

	
	Option 4
	12851.7 (-4.8%)
	8538.33 (1.4%)


From the above two tables, we can observe that the performance of the cell clustering scheme is quite sensitive to the backhaul latency and the performance benefit of dynamic UL-DL reconfigurations degraded much in the non-ideal backhaul case. In contrast, as no dynamic inter-eNB signaling is required for the eNB power setting scheme, there is no impact from the backhaul latency.
Observation 2: The cell clustering scheme is sensitive to the backhaul condition and performance is degraded as the backhaul latency increases.
5. Specification support of ICIC schemes for dynamic UL-DL reconfigurations
As observed from the evaluation results in the previous sections, the eNB power setting scheme is an effective method in supporting dynamic UL-DL reconfigurations for a stand-alone ICIC solution as well as for a complimentary solution operated on top of the cell clustering scheme. This section first illustrates what specification support will be needed to operate such eNB power setting scheme.
· Backhaul signaling to determine the subframes to which the power setting is to be applied
As the eNB power setting is specific to the flexible subframes, some backhaul signaling is needed to identify which subframe is static DL subframe and which subframe is the flexible subframe. Signaling the information on each cell’s own baseline configuration can be an example. Additionally, backhaul signaling in the reverse direction may be needed to aid the determination of such fixed and flexible subframes. Basically, from the eNB behavior perspective, there is some similarity to the backhaul signaling of ABS in the sense that eNB informs/requests a set of subframe in which the DL transmission power is to be reduced. In addition, as explained in [5], such signaling is in line with the backhaul information exchange to assist each cell’s resource configurations (e.g., identification of the static DL subframe for the restricted RRM/RLM, identification of the static UL subframe to be used reliable UCI transmissions, and so on). 
· eNB measurement and backhaul signaling to determine the proper eNB power level in the subframe to which the power setting is applied
Some information needs to be delivered to each eNB in order to find out the adequate eNB transmission power level in the flexible subframes. In general, this power level is specific to each eNB-to-eNB link, so each eNB needs to measure the other eNBs’ signal and feed back the measurement result (e.g., the received power level) to the potential aggressor eNBs. In addition, as the tolerable interference level at each eNB needs to be reflected in determining the eNB power setting, some related information like the interference headroom needs to be signaled together via the backhaul link. We note that the required eNB measurement is quite similar to the HeNB measurement defined in [7] where the HeNB measures the CRS received power of each neighboring cell, the total received DL power, and the uplink received interference power. So, the above-mentioned backhaul signaling can be easily defined by reusing most of the HeNB measurement parameters in [7].
· Air interface to cope with the variance of transmission power and interference across subframes
As eNB changes DL transmission power on top of dynamic UL-DL reconfigurations, DL and UL signal in a cell is exposed to the variance across subframes from the desired signal power as well as the interference power. In order to enable stable link adaptation in the presence of such power fluctuation, some air interface specification support is needed. For PDSCH transmissions, feICIC and CoMP WI already defines several tools to cope with such power fluctuations, including multiple CSI processes, subframe restricted measurement, multiple CSI-RS-to-PDSCH power ratio values, and so on. Some additional change can be considered for more flexibility in the PDSCH-related operations as discussed in [5]. Relatively less work had been done for PUSCH transmissions so far, on the other hand. One potential improvement would be UL power control; for example, a UE can be configured with subframe-specific PUSCH power control parameters so that PUSCH transmissions in a flexible subframe can use more power to overcome the increased interference caused by UL-DL reconfigurations in the other cells.
Overall, the eNB power setting scheme can be built mostly by reusing the existing specifications since it stems from Scheme 2, the scheduling dependent interference mitigation which can be largely handled by eNB implementation, and Scheme 3, interference mitigation based on eICIC/FeICIC schemes, which is supported by the current specifications. 
Observation 3: The eNB power setting requires eNB measurement and backhaul signaling to determine the set of power controlled subframes and the proper eNB power level. The required air interface support can mostly reuse the existing feICIC and CoMP operations.
Regarding the cell clustering scheme, beside how to form the clusters and determine the UL-DL configuration used within a cluster, the operation with non-ideal backhaul needs to be considered further. As discussed in Section 5, simply following a single UL-DL configuration in the slow-backhaul case decreases the traffic adaptation speed and degrades the benefit of dynamic UL-DL reconfigurations. One way to overcome this limitation would be interpreting the UL-DL configuration selected for a cluster as a high-level guidance which is taken into consideration when each eNB still dynamically selects its own UL-DL configuration and performs the proper ICIC operation accordingly.
Another issue in the cell clustering scheme is the potential difficulty in UL and DL link adaptations. If an eNB does not know the exact duplex direction of neighboring cells in a given flexible subframe due to the lack of inter-cell coordination, the eNB will have difficulty in setting a proper MCS level for PDSCH and PUSCH scheduling. This is because there is big difference in the transmission power of eNB with the maximum transmission power and UE whose transmission power is controlled. Evidently, the eNB power setting can be a solution to this issue because the eNBs adjust their transmission power in a flexible subframe such that the interference they cause are at the level comparable to the interference from the UE.

Observation 4: Further study is needed regarding the sensitivity of the clustering scheme to the backhaul latency for the operation in non-ideal backhaul cases. Also, further study is needed on how to perform the UL and DL link adaptations in the cell clustering scheme when an eNB does not know the duplex direction of neighboring cells that do not control their DL transmission power in flexible subframes.

6. Conclusion
This contribution discussed the ICIC schemes proposed for dynamic UL-DL reconfigurations, mainly focusing on the cell clustering scheme and the subframe-specific eNB power setting scheme. The following observations were made from the performance evaluation results:
Observation 1: The eNB power setting in flexible DL subframes can provide effective ICIC operations in Scenario 3 and 4. Significant performance improvement can be observed in both DL and UL when compared to the dynamic UL-DL reconfigurations without having such eNB power adjustment.

Observation 2: The cell clustering scheme is sensitive to the backhaul condition and performance is degraded as the backhaul latency increases.

Also, from the specification perspective, the following can be observed for the two considered ICIC schemes:

Observation 3: The eNB power setting requires eNB measurement and backhaul signaling to determine the set of power controlled subframes and the adequate eNB power level. The required air interface support can mostly reuse the existing feICIC and CoMP operations.

Observation 4: Further study is needed regarding the sensitivity of the clustering scheme to the backhaul latency for the operation in non-ideal backhaul cases. Also, further study is needed on how to perform the UL and DL link adaptations in the cell clustering scheme when an eNB does not know the duplex direction of neighboring cells that do not control their DL transmission power in flexible subframes.

From these observations, the following is proposed as the conclusion of this contribution:
Proposal: The subframe-specific eNB power setting scheme is supported to make the dynamic TDD UL-DL reconfigurations feasible. Further study is needed on its specification impact including

· Backhaul signaling to determine the subframes to which the power setting is to be applied,

· eNB measurement and backhaul signaling to determine the proper eNB power level in the subframe to which the power setting is applied,

· Air interface to cope with the variance of transmission power and interference across subframes mostly by reusing the outcomes of feICIC and CoMP WIs.
______________________________________________________________________
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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 8: Simulation assumptions
	Parameters
	Assumptions

	Deployment scenario
	19*3 Macro, 4 picos per Macro

	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

	Cell range expansion (CRE)
	· Pico

·  9dB bias for CRE 
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