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1 Introduction
Release 11 is approaching completion of the first priority objectives. The FeICIC techniques of the latest release give a full solution for inter-cell interference cancellation/avoidance in heterogeneous network.  Accompanied by exploding traffic growth in future network, offloading only by pico cells may not be enough. Local access node by offloading traffic in a small cell is an important tool. Characteristics of these offloading scenarios can be, e.g., indoor and hotspot, higher carrier frequency etc. Coordination between all these small cells becomes more difficult. This contribution discusses the possible enhancement of the reference signals from autonomous interference avoidance and cancellation perspective.
2 Rel8 ~ 11 inter-cell interference cancellation based on centralized coordination signalling 
Release 8 - 11 inter-cell interference cancellation/avoidance techniques requires centralized coordination to assists UE-side interference cancellation.

Table 1. Overview of the Rel-8~11 inter-cell interference cancellation

	
	Rel-8 ICIC
	Rel-10 eICIC
	Rel-11 FeICIC

	Domain
	Frequency domain resource coordination between cells
	Time domain resource coordination between cells
	Time domain/ power domain resource coordination between cells

	Freq assignment
	Intra-freq
	Intra-freq
	Intra-freq

	What does additional information eNB provides to UE
	No additional information except downlink/uplink grant
	RRC signaling of two sets for measurement, one set for protected subframes and one set for interfered subframes
	· Related signalling for reduced non-zero transmit power on DL unicast control and data transmissions in ABS

· Higher-layer signaling to simplify UE implementation of cell detection for 9 dB

· CRS port number

· Handling of CRS interference

· Information on number of CRS ports of neighbor cell(s)

· Information on which subframes in neighboring cell(s) the CRS is present

· How to handle PBCH, SIB1, Paging in range expansion zone?

· Not yet concluded.

	Network coordination
	For downlink: RNTP based ICIC

For uplink: OI, HII
	Four bitmaps; two CSI, one RRM/RLM in serving cell, one RRM in neighboring cells
	· Information on number of CRS ports, which subframes in neighboring cell(s) the CRS is present

· Other information to support handling PBCH, SIB1/Paging interference in range expansion zone is not yet concluded.

	What does UE autonomously do for interference cancellation
	No additional requirements
	UE interference cancellation is missing in Rel-10
	UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH)

· UE implement the cancellation for CRS interference from dominant inferer(s) based on eNB signalling assistance.
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Figure 1 non-autonomous inter-cell interference cancellations
Release 8 ICIC is a pure network side behavior.  When an UE is interfered by a dominant interference, no additional UE performance requirement than other common UE is required. Only relying on eNB smart scheduling, the UE can avoid dominant interference on PDSCH/PUSCH. Therefore, the centralized coordination for Rel-8 ICIC is essential to achieve the benefit of ICIC.
Release 10 eICIC is not only a pure network side behavior anyway. Those victim UEs are participating the set-specific CSI/measurement reporting. These set-specific CSI/measurement reporting makes victim UEs survive from the dominant interfere(s). However, without centralized coordination from network side, e.g., four bitmaps(two CSI, one RRM/RLM in serving cell, one RRM in neighboring cells) on X2/S1 interface, the serving eNB may not be able to configure the correct measurement set for the UE. Different from Rel-8 ICIC, Release 10 eICIC considers control channel interference. 
Release 10 enhances network signaling assisted UE measurement. Furthermore, release 11 FeICIC adds UE performance requirement for the interference cancellation for PDSCH/PDCCH demodulation. Therefore, UE can cancel the interference more autonomously than Rel-10 UE. The network signaling assists the UE to do the cancellation, e.g., the number of CRS ports, which subframes in neighboring cell(s) the CRS is present.
3 UE autonomous inter-cell interference cancellation in dense deployment
3.1 HetNet with dense deployment
With the demanding data services exploding in the future mobile/wireless broadband communication, offloading techniques is important to improve the network capacity. Macro cells with small cells deployment becomes a dominate trending for the future deployment scenario. 
Dense deployment

One important tool to expanding network capacity expansion is cell splitting. More dense deployment plays an important role of offloading. 
Flexibility
Small cells, e.g., local access point for hotspot and indoor, are promising extension for expanding capacity. It is very flexible for deployment from operators’ perspective. User deployment for home use can also be considered.  For example, each home/office deploys separate cell for local access. 
 “Any backhaul”
In many cases, the backhaul bottleneck is the key problem to expanding the network deployment. For example, for the outdoor and indoor hotspot deployment, the existing DAS, fibre, copper or microwave system can be used. For the home use, ADSL, FTTH or Cable TV, legacy backhauling tools can be utilized to overcome disadvantage of expansive deployment cost. “Any backhaul”, which has different delay/throughput performance, is easy to be exploited for quick and easy deployment.
Proposal 1: small cells for local area should be considered as the interested scenarios.
· FFS to define a scenario and corresponding evaluation assumptions for small cells for local area

3.2 Challenge of interference avoidance with dense deployment
3.2.1 Autonomy

The small cells for local area deployment may become denser compared to wide area deployment. It is deployed and connected by “any backhaul”. How fast the network coordination can be done is not guaranteed. In addition, from network energy saving perspective, frequent tuning off/on may also be applied to the small cell. This triggers fast network reconfiguration that leads to excessive network burden and complexity. The number of nodes in the area is also an important factor. Coordinating huge amount of nodes may be very complex and the robustness/efficiency of the algorithm may not be guaranteed. 
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Figure 2 Autonomous inter-cell interference cancellations
Therefore, with the growing number of nodes in network, the small cells shall be able to handle the configuration autonomously. 

However, Rel8 ~ 11 ICIC technique requires network to exchange signalling frequently. It should be discussed for designing autonomous inter-cell interference cancellation.
3.2.2 Interference Avoidance for dense deployment
Considering a small-scale deployment with lots of small cells, in worst case, UE have direct LOS component to many small cells. Figure 3 gives an example of the downlink geometry CDF for UEs. In that sense, the geometry of UE which is less than -5dB is more than 50%. Thus, interference avoidance in dense deployment is an important problem should be solved.
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Figure 3 An example of downlink geometry in a dense deployment
For downlink transmission, PDSCH and PDCCH/PCFICH/PHICH are considered as important physical channels. Rel-11 E-PDCCH can be considered as a useful tool to mitigate PDCCH/PCFICH/PHICH interference by orthogonal resources between cells. For PDSCH, orthogonal resource allocation between cells is possible to avoid interference.
In addition, the reference signals for downlink transmission are also important for many aspects. Figure 4 gives an example of the POSSIBLE reference signals usage for multiple purposes in Rel-11 and future release (since Rel-11 and future has not frozen yet).
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Figure 4 example usage of downlink reference signals
For some reference signals, e.g., synchronization signals, UE can detect that (e.g., synchronization signals) of the neighboring cells in the absence of prior knowledge of the neighboring cells. For PSS/SSS, it can be realized by inter-cell cancellation of the dominant interfere(s).
On the other hand, for some other reference signals, e.g, interference measurement, RSRP measurement based on CSI-RS, the network need to notify the correct configuration to each node in order to avoid interference from each other. For example, the network configures the CSI configuration of the neighboring cells to be orthogonal to each other in order to avoid interference. Thus, the resources for a UE measuring neighboring cells are signalled from serving cell. From dense deployment perspective, it is of interest for a UE, it can autonomously detecting the correct resources of the neighboring cells.
The following sections consider the reference signals from autonomous interference avoidance perspective.
3.2.2.1 Reference signals for synchronization
Sequence orthogonality and interference
PSS/SSS is transmitted in a fixed subframe with periodicity of 5ms or 10ms. The central 6PRBs is occupied for PSS/SSS transmission. The current specification supports 3x168=504 different identical entries for cell identification.
Though PSS/SSS for different cells is overlapped in frequency and time domain, CDM provide enough orthogonality for UE detecting different cells.

If the transmissions of the dominant interferer and the node of interest are time synchronized with each other, the transmission of PSS/SSS from both nodes will be on top of each other. Suppression of dominant interferer will facilitate the detection of the “eclipsed” PSS/SSS of the target cell [1].
Autonomy
It is expected two eNBs with the same PSS/SSS entry are not close to each other. Considering eNBs each randomly picking up one entry out of 504, the probability of any two eNBs has the same entry would be a value dependent to the number of eNBs in an area.

If considering 18 eNBs in an area that may cause dominant interference to the serving cell UE, each randomly pick up one entry, the probability of any two eNBs has the same entry is 29%.
If considering 6 eNBs in an area that may cause dominant interference to the serving cell UE, each randomly pick up one entry, the probability of any two eNBs has the same entry is only 4%.
Furthermore, considering advanced detection by eNB, it can self-configure the proper entry, which is not collided to other cells according to the neighbouring cells configuration. For example, eNB self-configure can be supported by eNB detection of the neighbouring cells’ PSS/SSS.
Therefore, we think there is no need to increase the freedom of autonomy of the current PSS/SSS design. 

3.2.2.2 Reference signals for channel estimation of system information/data/control (e.g., MIB/SIB-1/Paging)
The system information is demodulated by CRS from current specification. For SIB-1, Paging and other common control channel, it may be demodulated by DM-RS if CSS is supported for E-PDCCH. In that sense, the resource allocation of common control channel is FDM between different cells. However, it is still of great interest to know how to keep the resource allocation between different cells orthogonal before UE knowing any configuration from network. Network assisted approach by indicating neighbouring cells’ configuration can be used for traditional network deployment. However, from autonomy perspective, small cells with the ability of self-detecting would be beneficial from network flexibility perspective.
Except common control channel, for MIB, it is still left to CRS demodulation. DM-RS based mechanism is not applicable for PBCH demodulation. The resources allocation for PBCH between different cells is overlapped with each other if no subframe offset is introduced.  Interference avoidance for PBCH is studied in the scope of Rel-11 FeICIC WI based on assumption that PBCH is demodulated by CRS. Considering the potential need for CRS reduction in time or frequency domain from overhead reduction perspective, it is at least to keep CRS in region for PBCH transmission for the purpose of PBCH demodulation if it is demodulated by CRS.
However, from future proof perspective, if none of the physical channels and procedures is relied to CRS except time/frequency tracking, it is not necessary to tied PBCH to CRS port number information any more.

Furthermore, considering the usage for standalone additional carrier type from future proof point of view, the PBCH interference from other cells in a dense deployment is much more severe. Rel-11 FeICIC is considering network assisted Tx based or UE Rx based solution to avoid PBCH interference. However, the network central control of large amount of small cells is of great burden from operation perspective. It is of great interest to consider more autonomous solutions to avoid PBCH interference. That means without network explicit signalling of the neighbouring cells’ configuration, UE can avoid PBCH interference either.
3.2.2.3 Reference signals for measurement

Several physical procedures are tied to different reference signals according to the current design in Rel-11.

Reference signals for time/frequency tracking

For the new carrier type, RAN1 is continuing to discuss the necessity of using CRS for time/frequency synchronization tracking as well as other possibilities, e.g., CSI-RS, after RAN1#68. The accuracy of tracking determines frequency and time domain density of reference signals. In RAN1#69[2], RAN1 concludes that the new carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity.
Despite of tracking accuracy, it is of great interest to know whether interference from other cells on tracking reference signal may have severe interference or not.
For time/frequency tracking using CSI-RS (including a shorter periodicity of CSI-RS transmission, or allowing a UE to measure dual or more CSI-RS patterns for more accurate tracking), the available CSI-RS resource configurations with different patterns and CSI-RS subframe offset would be typically 50 with 8 CSI-RS port and 10ms periodicity. With enough orthogonal CSI-RS resources, the eNB can autonomously configure different CSI-RS resources even with muting in order to avoid interference to neighboring cells. 
For time/frequency tracking using reduced CRS, similar to CSI-RS, the corresponding CRS pattern and subframe offset (if time domain reduction of CRS is introduced) should be defined in order to orthogonalize different resources from different cells.  
Reference signals for interference measurement

It was by default in Rel-10 the interference was determined by measuring CRS from interferer. In case of reduced CRS is used for time/frequency tracking, the corresponding CRS pattern and subframe offset should be conveyed to UE in an autonomous way if the interference measurement is based on reduced CRS.
However, if CSI-RS is used for interference measurement, a new mechanism for identifying CSI-RS configuration of the neighbouring cells should be defined. It is of great interest that autonomous network configuring and UE detecting is a promising way for flexible deployment and for future proof.
Reference signals for serving cell measurement, e.g., RSRP, CSI

With full support of CSI-RS measurement, the orthogonality between different cells is achievable by eNB autonomously configuring different CSI-RS resources even with muting for different cells. It is still of great interest that autonomous network configuring and UE detecting is a promising way for flexible deployment and for future proof.
3.2.3 Summary
Proposal 2: the enhancement of autonomy and interference avoidance/cancellation of reference signals in small cells deployment should be considered.

4 
Conclusions

In this contribution, targeting small cells, we propose the following should be considered,
Proposal 1: small cells for local area should be considered as the interested scenarios.

· FFS to define a scenario and corresponding evaluation assumptions for small cells for local area

Proposal 2: the enhancement of autonomy and interference avoidance/cancellation of reference signals in small cells deployment should be considered.
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