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1. Introduction
Efficient interference avoidance and coordination schemes are required to mitigate inter-cell interference in the scenarios considered for the Study Item on Small Cell Enhancements (SCE) [1, 2].  
In last RAN1#73 meeting, several candidate techniques of interference avoidance and coordination for small cell enhancement were proposed for further study. Among them, enhancement of ABS to multi-cell scenarios is one of such technologies [3 – 5].
In this contribution, we discuss aspects of eICIC enhancement in detail for efficient operation of small cell deployment. We also present some preliminary simulation results to show the benefits of enhanced eICIC in multi-cell scenarios.
2. Enhancement of ABS to multi-cell scenarios
In previous 3GPP Rel-10 and Rel-11, interference coordination scheme such as eICIC has been studied for heterogeneous networks. eICIC is a time domain interference coordination scheme to reduce the macro to pico co-channel interference by configuring ABS on macro. The Rel-10/11 specifications include ABS information exchange from macro to small cell via X2. The small cell uses the ABS information in its scheduling decisions, e.g. mainly scheduling small cell edge user in the CRE area when macro uses ABS, and also for configuring measurement restrictions for its UEs. 
Compared to Rel-10 and Rel-11, some difference may need to be taken into account in the scenarios of Rel-12 small cell enhancement. Previously in eICIC, only coordination between macro and small cell is needed as the interference from macro cell is dominant for the typical sparse deployment such as four pico cells per macro cell area. 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. As shown in [3], in dense deployment of small cells, interference from macro cells is not the single dominant interference source anymore. Interference between small cells can be significant when the number of deployed small cells increased. Similarly, for a dense non-co-channel small cell deployment, interference between small cells has been shown to be significant [3]. Therefore, interference coordination between small cells is needed. 
A direct usage of eICIC by utilizing ABS between small cells could be possible. However, due to complex interference condition in a dense small cell deployment where multiple dominant interferes exist, interference may still be severe in a victim cell if ABS patterns from its’ neighbouring interfering cells are not aligned well. Therefore, interference management in terms of ABS pattern coordination is needed at least among small cells in a cluster such that interference management can be effective. Some enhancement of eICIC to multi-cell scenarios has been proposed for small cells deployments [3 – 5]. 

3. Performance evaluation

Some preliminary simulation results were shown in [3]. In this contribution, further simulations and refinements were performed to investigate how much performance improvement can be achieved after applying interference coordination among small cells. Interference co-ordination is done in terms of semi-static ABS coordination among cells. The small cell co-channel deployment with macro cell (SCE scenario 1) has been chosen as it represents the most severe interference condition for dense small cell deployments. Detailed simulation parameters are listed in Appendix Table A.1. Two cases are considered:

· 20 small cells per macro cell, ABS coordination only from macro to small cells as the baseline;

· 20 small cells per macro cell, ABS coordination from macro to small cells and among small cells within a small cell cluster.
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Figure 1 Performance gains of ABS coordination among small cells over the baseline
Figure 1 shows the UE spectrum efficiency performance gains. The gain is calculated against the baseline case of 20 small cells per macro but without coordination among small cells. It is observed that for dense small cell deployment where interference among small cells needs to be considered, interference coordination among small cells can significantly improve performance of edge UEs, whose performance are affected the most due to strong interference in a dense deployment. 
Observation: interference coordination among small cells is beneficial to system performance of dense small cell deployment.

4. Potential standard impact for ABS enhancement

X2 signalling

As discussed above, coordination in terms of ABS pattern and possible other related information exchange over backhaul among multiple small cells is necessary. 

In the case where a central scheduler is presented, e.g., CoMP with good to ideal backhaul, such coordination could be implementation dependent. However, for the typical small cell deployment scenario where no central scheduler or the backhaul condition is not ideal, a distributed coordination is required. One possible distributed coordination method would be the resource in terms of ABS allocation is pre-determined for each small cell in a cluster during network planning stage. However, such static ABS allocation may not be suitable if the traffic load of small cells varies all the time. Another possible method would be the small cells share their ABS allocation among small cells via backhaul such that a coordinated ABS allocation with some common ABS subframes among small cells is possible.

Reduced power ABS

Due to the high density of small cells in a cluster, zero power ABS utilization (or the extreme case of total OFF state) of multiple cells may lower the resource usage efficiency. To improve the resource usage efficiency, more flexible usage of ABS such as reduced power scheduling may be considered. The transmitting power of a small cell node in subframes can be adjusted considering the load and other factors such as the QoS of its serving UEs and the interference to neighbour cells. Note that, reduced power ABS has been studied in feICIC in macro and pico scenario during Rel-11. The performance of reduced power ABS in dense small cell deployments should be studied.
UE measurement

A third aspect of specification impact to enable ABS extension to multi-cell scenarios is the interference measurement enhancement. Previously, two CSI reports have been specified to support eICIC in Rel-10 in order to support correct UE link adaptation in ABS and non-ABS subframes. This may not be enough as there’re multiple dominant interfering cells. Multiple CSI reports may be considered. 
It would also be useful to use the scheme discussed/adopted in CoMP. UE interference measurement using Interference Measurement Resource (CSI-IMR) is introduced in Rel-11 for CoMP. A Zero-Power (ZP) CSI-RS resource can be configured as an IMR to measure interference from other transmission points (TPs) no matter the TPs are in the same or different cell. Comparing with the legacy CRS based interference measurement scheme, IMR in general reflects more accurately the interference experienced by the UE especially in HetNet scenarios in which colliding CRS happens more often.  Moreover, multiple CSI processes can be configured with multiple IMRs to measure different interference conditions. However, the current limit of maximum 4 CSI processes for a UE may not be enough for the interference combination. Furthermore, in dense small cell deployments, IMRs of densely deployed small cells are required to be orthogonal in time and frequency domain to ensure accurate interference measurement. The number of available IMRs may be not enough to support a 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.

Proposal: consider to introduce the following mechanisms to support ABS enhancement in small cell scenarios:
· X2 signalling
· RP-ABS
· UE measurement enhancement

5. Conclusions
In this contribution, we discussed ABS enhancement for efficient operation of small cell deployment. We also presented some preliminary simulation results to show the benefits of enhanced ABS to multi-cell scenarios. The proposals are summarized as follows:
Proposal: consider to introduce the following mechanisms to support ABS enhancement in small cell scenarios:

· X2 signalling
· RP-ABS
· UE measurement enhancement
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Appendix
	Table A.1 Simulation parameters for small cell deployment
　Parameters
	Scenario #1

	　
	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 
	2.0GHz
	2.0GHz

	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 to Table 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
	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 UE randomly and uniformly dropped throughout the macro geographical area. 80% UE indoor, 20% UE outdoor. 

	Macro ABS Ratio
	25%

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	60m

	Cell selection criteria
	RSRP for intra-frequency, with 9 dB CRE bias

	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
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