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1. Introduction
In RAN#58 meeting, a Study Item on Small Cell Enhancements in physical layer aspects was approved [1].  
In last RAN1#72 meeting, deployment scenarios and evaluation assumptions for small cell enhancement were agreed. Based on [2], the small cell enhancement study should target various scenarios, such as small cells with or without macro coverage, outdoor or indoor, dense or sparse, with ideal or non-ideal backhaul. Deployment of co-channel or different frequency with macro should be both considered. 
One of the major challenges for these deployments is interference management. Efficient interference avoidance and coordination schemes are required to mitigate inter-cell interference in these scenarios. Thus, one objective of the SID is:

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 

· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements,  focusing on multi-carrier deployments in the small cell layer and, dynamic on/off switching of small cells

In this contribution, we discuss some potential enhancements of interference avoidance and coordination for efficient operation of small cell deployment. We also present some preliminary simulation results to show the benefits of enhanced interference management.
2. Mechanisms for interference management in dense small cell scenarios

Previously, interference coordination scheme such as eICIC has been studied for sparse deployment such as four picos per macro. A more dense deployment of small cells (e.g., more than 10 small cells within the coverage of a macro cell) could potentially provide significant capacity gain compared to traditional sparse macro/pico deployment.  However, the interference issue is expected to be more severe in these scenarios. In this section, we describe some potential enhancements of interference management in a dense small cell deployment.

2.1 Time domain interference coordination
eICIC is a time domain interference coordination scheme to reduce the macro to pico co-channel interference by configuring ABS on macro.  It is usually used in combination of cell range expansion (CRE) which helps offloading traffic to small cells.  

In a dense co-channel scenario, there’re two sources of interference, i.e. interference between macro and small cell and interference among small cells.  Previously in eICIC, coordination between macro and small cell is assumed as the interference from macro cell is dominant. For the dense co-channel scenario, the interference among small cells may need to be evaluated. As shown in [3], in dense deployment of small cells, interference from macro cells is not the only major interference source. Interference between small cells can be significant when the number of deployed small cells increased. Similarly, even for a dense non-co-channel small cell deployment, interference between small cells may not be negligible any more. Therefore, interference coordination between small cells is needed. As shown in [3], a simple extension to eICIC scheme can support ABS coordination among small cells. It is also illustrated in Figure 1. 
Figure 2 shows the UE geometry in a non-co-channel (i.e., small cells are deployed on different frequency with macro cell) deployment with either 1 or 5 small cell(s) per cluster and total four clusters in a macro cell area. It is observed that the interference increases when the deployed number of small cells increases from 4 to 20. In the dense small cell deployment (i.e. 20 picos per macro), a significant SINR gain is observed when interference coordination among small cells in terms of ABS coordination (as illustrated in Figure 1) is enabled. Detailed simulation parameters are listed in Annex-A Table A.1.
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Figure 1.  ABS coordination between small cells
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Figure 2.  SINR gain after coordination between small cells in non-co-channel deployment


For the co-channel dense deployment where the interference issue is more sever, we showed the SINR gain of dense small cell deployment in [3]. In this contribution, further simulations were performed to investigate how much performance improvement can be achieved after applying interference coordination between small cells. Interference co-ordination is done in terms of ABS coordination among cells. The simulation assumptions are selected to model a dense small cell co-channel deployment and to have a fair comparison to R10 eICIC. Detailed simulation parameters are listed in Annex-A Table A.2. Three cases are considered:

· 4 picos per macro cell, ABS coordination from macro to pico cells;

· 20 picos per macro cell, ABS coordination from macro to pico cells;

· 20 picos per macro cell, ABS coordination from macro to pico cells and among pico cells within a small cell cluster.

Table 1. CRS interference is not modeled
	Co-Ch
	Macro Area Throughput (Mbps)
	Mean UE Throughput (Mbps)
	5% UE Throughput (Mbps)
	50% UE Throughput (Mbps)
	95% UE Throughput (Mbps)
	Resource Utilization

	4 picos
	32.20
	43.78
	11.72
	47.22
	64.52
	0.1578

	20 picos
	32.01
	55.02
	28.80
	61.73
	64.52
	0.0276

	Gain
	-0.59%
	25.67%
	145.79%
	30.72%
	0.00%
	

	20 picos & coordination
	32.46
	57.53
	30.47
	64.52
	64.52
	0.0265

	Gain
	0.81%
	31.41%
	160.08%
	36.63%
	0.00%
	


Table 2. CRS interference is modeled
	Co-Ch
	Macro Area Throughput (Mbps)
	Mean UE Throughput (Mbps)
	5% UE Throughput (Mbps)
	50% UE Throughput (Mbps)
	95% UE Throughput (Mbps)
	Resource Utilization

	4 picos
	32.62
	25.97
	3.08
	20.75
	64.52
	0.3876

	20 picos
	32.26
	24.25
	6.11
	20.80
	54.36
	0.0919

	Gain
	-1.12%
	-6.64%
	98.58%
	0.27%
	-15.74%
	

	20 picos & coordination
	32.92
	25.54
	6.18
	23.00
	54.52
	0.0835

	Gain
	0.92%
	-1.69%
	100.90%
	10.88%
	-15.49%
	


Table 1 and 2 shows the performance results when CRS interference is not modeled and is modeled, respectively. The gain is calculated against the baseline case of 4 picos per macro. It is observed that network densification does indeed improve system performance compared to sparse deployment. For dense small cell deployment where interference among small cells needs to be considered, a potential coordination between small cells can further improve UE performance. A significant gain is observed for edge UE and median UE throughput in particular.
Proposal 1: study interference conditions and impact to system performance of dense small cell deployment.
2.2 Power setting
As shown in the above section, different ABS patterns can be configured for different groups of small cells to reduce the interference among densely distributed small cells. However, this may lower the resource usage efficiency. To improve the resource usage efficiency, reduced power scheduling in ABS should be considered, which has been studied in feICIC in macro and pico scenario at R11 stage. But the interference issue in a dense small cell deployment is more severe than a macro-pico scenario due to overlapped coverage of small cells and smaller inter-site distance between densely distributed small cells.
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Figure 3. Illustration of reduced power scheduling in small cell scenario

An example is shown in Figure 3. One small cell schedules its UE with lower power, while another cell schedules its UE with higher power alternately in the two sets of ABS. In which case, the lower power scheduled UE may be interfered by another higher power cell. As the number of neighboring small cells increase, accumulating interference may occur and further deteriorate the SINR of small cell UEs. One of the efficient ways to tackle this problem is the power setting, e.g., by measuring interference and setting the transmitting power of the interfering small cell according to the measurement to reduce the interference to the victim UEs. 
To adjust the transmit power, one small cell needs to know the transmit power of its neighbor cells. Basically, there are two ways to estimate the neighbor cell transmit power. For example, the power from cell 1 is measured and averaged by the cell 2 eNB or UE in cell 2. Or, the cell 1 informs it’s predicted transmit power related information to cell 2.
Proposal 2: study benefits of power setting and coordination techniques for dense small cell deployment.

2.3 Interference measurement and listening
For efficient interference management, accurate interference measurement using small amount of overhead is necessary to ensure efficient operation of small cells. As discussed above, the interference power can be measured and reported by the victim UE. In general, such information should be coordinated among cells via backhaul. However, for backhaul with long delay, it may not be acceptable for coordination. In that case, cell listening can be considered. Some coordination among small cells may be needed for efficient and accurate interference listening. The merit of listening is that the overhead is less than that of UE interference measurement feedback. No matter UE interference measurement or cell interference listening, what resource can be used and how the measurement should be taken is FFS.
UE interference measurement using IMR is introduced in Rel-11 CoMP. However, the consideration was mainly on sparse small cell deployment. Here we list some of the potential enhancements on interference measurement and/or interference listening for dense small cell deployment.  

· Configurable interference averaging window

The traffic of small cell deployment is considered rapidly changing (uniformly or non-uniformly). There is currently no restriction on how UE do the interference averaging. It becomes hard for the network to trace what UE is exactly measuring. In [4], it has been proposed that the averaging window length of interference measurement is signaled to UE by higher layer signaling so that the network side can have better control on interference measurement accuracy according to different situations, e.g. network traffic loading, CSI/IMR periodicity, UE speed, backhaul type etc.  
· Stabilizing interference by using multiple subframe scheduling

To cope with the fluctuation of small cell traffic, multiple subframe scheduling can be considered to make interference more predictable. The network knows how interference will be in the future subframes if it has the scheduling information from coordinating cells. Together with configurable interference averaging window, the network therefore can obtain more accurate interference measurement from UEs which improves link adaptation in fluctuated traffic.  
· Increase of IMR re-use factor

In dense small cell deployments, IMRs of densely deployed small cells are required to keep orthogonal in time and frequency domain to ensure accurate interference measurement.  The number of available IMRs may be not enough to support large number of small cells. Aperiodic IMR and Frequency-domain multiplexing of IMR are some ways of increasing the reuse factor of IMRs without increasing the overhead [3]. 
Proposal 3: study enhancements of interference measurement and interference listening for dense small cell deployment.

3. Conclusions
In this contribution, we discussed some potential enhancements of interference avoidance and coordination for efficient operation of small cell deployment. We also presented some preliminary simulation results to show the benefits of enhanced interference management. The proposals are summarized as follows:
Proposal 1: study interference conditions and impact to system performance of dense small cell deployment.
Proposal 2: study benefits of power setting and coordination techniques for dense small cell deployment.

Proposal 3: study enhancements of interference measurement and interference listening for dense small cell deployment.
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Annex-A

	Table A.1 Simulation parameters for non-co-channel small cell deployment
　Parameters
	Scenario #2a

	　
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0 GHz
	3.5 GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm 

	Distance-dependent path loss
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,UE-to-eNB distance)] for each link)


	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL, 1Tx2Rx in UL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	4

	Number of small cells per cluster
	1, 5

	Number of small cells per Macro cell
	4*Number of clusters per macro cell geographical area

	Number of UEs 
	60 UEs 

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	60m

	Cell selection criteria
	RSRP for intra-frequency and RSRQ for inter-frequency, with CRE is 18dB.

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro-small cell cluster center: 95m

	
	Macro-UE : 35m

	
	cluster center-cluster center: 90m


Table A.2 Simulation parameters for co-channel small cell deployment

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around

	LPN Configuration
	4 clusters with 1 or 5 low power nodes per cluster

per macro cell

	Number of UEs dropped within each macro geographical area
	Config 4b:  60

	Carrier number
	1

	Carrier frequency 
	2.0 GHz

	Channel Model
	ITU UMa for Macro, Umi for low power node (Outdoor modeling)

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	46 dBm for macro and 30 dBm for LPN

	UE Speed
	3 km/h

	Association bias
	6 dB

	Antenna configuration
	Transmitter: 2 Tx cross-polarized antenna at macro eNB, 2 Tx cross-polarized antenna at LPN RRH

Receiver: 2 Rx cross-polarized antenna at UE

ITU: 12 degrees for Macro, 0 degrees for Pico

	CQI/PMI reporting interval and frequency granularity
	5 ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook

	Delay for scheduling and AMC
	6 ms

	Scheduler
	Proportional Fair

	Traffic Model
	Non-full buffer (lambda=2)

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	ABS ratio
	25%

	Radius for small cell dropping in a cluster
	40 m

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro-small cell cluster center: 95m

	
	Macro-UE : 35m

	
	cluster center-cluster center: 80m
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