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1. Introduction
In RAN Plenary Session #58 (December, 2012), a new SID [1] for small cell enhancements in physical layer was agreed to investigate issues summarized as follows.  
· SID Scopes:

· Channel characteristics and evaluation methodology

· Enhancements on spectrum efficiency

· Higher modulation order, e.g. 256 QAM

· Overhead reduction on control signaling and reference signals (optimized for low UE mobility)

· Mechanisms for efficient operation of small cell layer

· Interference handling

· Efficient discovery of small cells and their configuration

· Physical layer related issues for mobility enhancements and dual connectivity in higher layers

· Study the feasibility and benefits of radio-interface based synchronization mechanisms

· Other considerations:

· Study both a separate and the same frequency layer as the macro cells, considering existing mechanisms (e.g. CoMP, FeICIC)
· Synchronization between macrocell and small cells can be assumed

· Backward compatibility

· The ability for legacy UEs to access small cell layer

· The ability to benefit legacy UEs due to the deployment of small cells 
Due to possibly high deployment density of small cells, mechanisms to enable efficient interference avoidance among small cells are important to the system performance gain it can bring.  In this paper, we focus on the discussion of methods for interference avoidance in small cell layer for all deployment scenarios considered in TR36.932 [2].


2. Discussion
According to TR36.932 [2], the considered spectrum configurations are shown as follows.
1. Carrier aggregation on the macro layer with bands X and Y, and only band X on the small cell layer

2. Small cells supporting carrier aggregation bands that are co-channel with macro layer

3. Small cells supporting carrier aggregation bands that are not co-channel with macro layer

In other words, depending on operators’ spectrum holding and needs, the spectrums for macro layer and small cell layer could be fully overlapped, partially overlapped or completely orthogonal to each other.  To support different spectrum configurations, methods for interference avoidance among macro and small cells are discussed in the following subsections.  For further discussion on interference avoidance, three spectrum configurations can be simplified as two main scenarios – 1) co-channel deployment between macro and small cell layers; 2) non-co-channel deployment between macro and small cell layers.
2.1 Co-channel deployment between macro and small cell layers
In the first and second spectrum configuration, it is assumed that an operator holds two frequency bands and macro and small cell layers overlap in at least one of frequency bands.  Figure 1 and 2 illustrate examples for two spectrum configurations.
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Figure 1 ( Example illustration of partial co-channel deployment between macro and small cell layers
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Figure 2 ( Example illustration of full co-channel deployment between macro and small cell layers
Since macro and small cell layer overlap in at least one of frequency bands, two types of inter-cell interferences can be considered – 1) interference between macrocell and small cell; 2) interference between small cells.  For the first type of inter-cell interference, the issue is the same as that in R8/9/10/11 HetNet, except for high deployment density of small cells so R8/9/10/11 HetNet techniques, such as R8/9 ICIC, R10/11 eICIC/feICIC and R11 CoMP, can be applied though they can be reevaluated for high deployment density of small cells.  For the second inter-cell interference, the issue has not been discussed before and no existing mechanism is designed to resolve it.  Though the mechanisms designed for the first interference type can be applied, further evaluation on both performance and efficiency is required.  Even if existing mechanisms work for small cells as well, we observed that there are still three possible issues in existing techniques for high deployment density of small cells and further enhancements on existing mechanisms or new mechanisms may be needed.
1. Introduce high handover signaling overhead

· Due to high deployment density of small cells, there may be much more small cells deployed in a macrocell, compared to HetNet, and UE will conduct frequent handovers when moving through a macrocell.
· Frequent handovers introduce high handover signaling overhead and throughput degradation due to long handover interruption time.
· R11 CoMP scenario 4 may be helpful to alleviate this issue but cell splitting gain degrades.
2. Not able to support efficient switching among a large number of candidate serving cells
· R11 CoMP scenario 4 may be able to alleviate the first issue but it requires CSI measurement/reporting at UE to retrieve cell splitting gain.
· In R11 CoMP, there is limitation of at most 3 configured points for dynamic point selection due to UE capability for CSI measurement/reporting.
· Due to high deployment density of small cells, there is higher probability to have over 3 candidate serving cells for an UE and R11 CoMP may not able to support efficient switching among these candidate serving cells.  Figure 3 shows the probability distribution for the number of candidate serving cells when different number of small cells are deployed within a macrocell coverage.  There can be around 15% of UEs detects more than 3 candidate serving cells when there are 12 small cells within a macrocell’s coverage.
3. Introduce spectrum efficiency loss due to large granularity for interference avoidance

· R10/11 eICIC/feICIC requires ABS configuration for interference avoidance and the granularity of ABS configuration is one subframe, which occupies 1/10 of radio resource.
·  Due to high deployment density of small cells, more ABS may need to be configured among macrocell and small cells for cell-edge UEs and this will introduce substaintial spectrum efficiency loss.
· R8/9 ICIC may be able to alleviate this issue but it can not be adjusted flexibly based on current interference condition due to large delay of backhaul signaling and no UE measurement/reporting for reference, especially for ICIC among small cells.
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Figure 3 ( Probability distribution for the number of candidate serving cells for configuration 1 and 4b when CRE bias is 9 dB
There are two possible methods to be considered to enhance existing mechanisms for the support of high deployment density of small cells when the frequency bands for small cell layer overlap with those for macro layer fully or partially.
Method #1: Small cell autonomous clustering with same physical cell ID:

1. For inter-cell interference avoidance among small cells, R11 CoMP scenario 4 can be applied to a cluster of small cells for R8/9/10/11 UEs.
2. For inter-cell interference avoidance among small cells, R11 CoMP scenario 4 with necessary enhancements can be applied to a cluster of small cells for R12 or beyond UEs.
3. For inter-cell interference avoidance between macro and small cell layers, R10/11 eICIC/feICIC can be applied with ABS configured for macrocell and the same measurement restricition applied to a cluster of small cells.
In this method, for inter-cell interference avoidance between small cells, nearby small cells may form a cluster and one cluster of small cells can share the same physical cell ID to serve UEs within their coverage by R11 CoMP scenario 4.  For inter-cell interference avoidance between macrocell and small cell, R10/11 eICIC/feICIC can be applied with ABS configured for macrocell and the same measurement restricition applied to a cluster of small cells.  But UEs may need to support carrier aggregation to benefit in throughput when operators hold more than one frequency bands for small cell layer.  Figure 4 illustrates an example to show high-level concept about how to support small cell deployment for throughput enhancements in R12 and benefits legacy UEs simultaneously.
For R8/9 UEs, they will experience SFN in the cluster of small cells and no cell splitting gain can be enjoyed.  But they still can enjoy the benefits of coverage enhancement and frequent handovers avoidance if more and more small cells are deployed.  For R10 UEs, they will experience SFN for common reference signals (PSS/SSS, CRS) and physical channels using reference signals depending on physical cell ID for demodulation (PBCH, PCFICH, PHICH, PDCCH, PUCCH, PUSCH) but they still can enjoy cell splitting gain for physcial channels using reference signals depending on additional UE-specific signaling other than physical cell ID (PDSCH).  For R11 UEs, they can further enjoy cell splitting gain for more physical channels, such as EPDCCH, PUCCH, PUSCH due to the utilization of UE-specific signaling for the corresponding reference signals.  
However, for high deployment density of small cells, this mechanism may suffer from low efficieny of small cell eNB association if R12 UEs want to enjoy maximal cell splitting gain in a cluster of small cells.  This is because R11 CoMP highly relies on CSI measurement/reporting on the configured CSI-RS for point association and at most three CSI measurement/reporting processes corresponding to three points can be supported from the perspective of an UE due to the fact that more CSI measurement/reporting processes require higher UE capability.  In other words, the use of CSI measurement/reporting for point association is not efficient when there are more candidate serving points.  Further evaluation can be carried out to determine whether R11 CoMP mechanism is enough for high deployment density of small cells.
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Figure 4 ( Example illustration of small cell autonomous clustering
Observation #1:  Existing mechanisms such as R11 CoMP scenario 4 and R10/11 eICIC/feICIC can be applied together with small cell autonomous clustering to serve legacy UEs to coordinate inter-cell interference if co-channel deployment is applied at least in small cell layer.  Further evaluation can be conducted to study the system throughput gain introduced by small cell deployments with method #1.
Observation #2:  R11 CoMP mechanism may not be enough for high deployment density of small cells and further enhancements may be required to maximize system throughput gain introduced by small cell deployments in R12.  Further evaluation and study on this method can be continued.
Observation #3:  In method #1, the support of carrier aggregation may be required for UEs to benefit from small cell deployment when operators hold more than one frequency bands for small cell layer.
Method #2: Small cell autonomous subband selection

1. For inter-cell interference avoidance among small cells, R8/9 ICIC can be applied for legacy UEs.
2. For inter-cell interference avoidance between macro and small cell layers, R10/11 eICIC/feICIC can be applied with ABS configured for macrocell and the same measurement restricition applied to each small cell for R8/9/10/11 UEs.
3. For inter-cell interference avoidance among small cells and between macro and small cell layers, R8/9 ICIC with necessary enhancements can be applied for R12 or beyond UEs.
In this method, for inter-cell interference avoidance between small cells, nearby small cells may autonomously select the best subband to serve UEs within its own coverage by snooping through the air or coordination through backhaul based on the mechanism supported in R8/9 ICIC.  But UEs may need to support carrier aggregation to benefit in throughput when operators hold more than one frequency bands for small cell layer.  For inter-cell interference avoidance between macrocell and small cell, R8/9 ICIC with necessary enhancements can be applied to R12 or beyond UEs but R10/11 eICIC/feICIC is still needed for some of legacy UEs.  Figure 5 illustrates an example to show high-level concept about how to support small cell deployment for throughput enhancements in R12.
For legacy UEs, which subbands for data transmission in a small cell are transparent and there may serious inter-cell interference from nearby small cells and/or macrocell for reference signals and physical channels.  UEs with capability for interference cancellation or reduction can benefits more throughput gain when more small cells are deployed.  However, for R12 or beyond UEs, existing mechanisms supported in R8/9 ICIC are not enough to provide efficient small cell autonomous subband selection due to the lack of reference signals for snooping and UE measurement/reporting for ICIC adaptation.  Without further enhancements on R8/9 ICIC, the system throughput gain benefiting from the deployment of small cells may degrade.
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Figure 5 ( Example illustration of small cell autonomous subband selection
Observation #4:  Existing mechanisms such as R8/9 ICIC and R10/11 eICIC/feICIC can be applied together with small cell autonomous subband selection to serve legacy UEs to coordinate inter-cell interference if co-channel deployment is applied at least in small cell layer. Further evaluation can be conducted to study the system throughput gain introduced by small cell deployments with method #2.
Observation #5:  R8/9 ICIC mechanism may not be efficient enough to maximize system throughput gain introduced by small cell deployments.  Enhancements may be needed to maximize system throughput gain introduced by small cell deployments in R12.  Further evaluation and study on this method can be continued.
Observation #6:  In method #2, the support of carrier aggregation may be required for UEs to benefit from small cell deployment when operators hold more than one frequency bands for small cell layer.
2.2 Non-co-channel deployment between macro and small cell layers

In the third spectrum configuration, it is assumed that an operator holds two frequency bands and macro and small cell layers are deployed in different frequency bands.  Figure 6 illustrates an example for the third spectrum configuration in [2].
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Figure 6 ( Example illustration of  non-co-channel deployment between macro and small cell layers
Since macro and small cell layers are deployed in different frequency bands, no interference will be introduced between two layers and the interference handling can be considered in each layer separately.  For inter-cell interference between macrocells in macro layer, it has been discussed a lot and many interference handling mechanisms in previsous releases can be applied directly.  For inter-cell interference between small cells in small cell layer, due to the dynamic nature of small cells, the inter-cell interference handling issue can be very different from that for macrocells.  Just like what is discussed in previous subsection, we also face the same issues in existing mechanisms for interference avoidance among small cells.  

4. Introduce high handover signaling overhead
5. Not able to support efficient switching among a large number of candidate serving cells
6. Introduce spectrum efficiency loss due to large granularity for interference avoidance
New solutions for more efficient spectrum utilization under dynamic inter-cell interference condition are needed.  There is one method to achieve the goal effectively.
Method #3: Small cell autonomous component carrier selection
1. Carrier-based ICIC can be applied to coordinate inter-cell interference among small cells for legacy UEs.
2. Further evaluation on carrier-based ICIC for small cells and necessary enhancements may be needed for R12 UEs.
In this method, small cell first snoops the component carriers occupied by nearby small cells periodically or when it is turned on and select the component carrier with least interference level to serve UEs within the small cell coverage.  The main advantage of this method is that carrier aggregation may not be the requirement for UEs to benefit in throughput when operators hold more than one frequency bands for small cell layer.  Figure 7 illustrates an example to show high-level concept about how to support small cell deployment for throughput enhancements in R12.
For legacy UEs, carrier-based ICIC can be utilized to coordinate small cells to find its own best component carrier(s) for interference avoidance to serve UEs.  Legacy UEs can just follow normal cell selection mechanism to find their serving cells.  For R12 or beyond UEs, they can first detect which component carrier holds strongest signal strength and then associate with the small cell using the corresponding component carrier.  To reduce handover signaling overhead, UE may utilize macro layer for mobility management and small cell layer for most of data tranception so new mechanisms are needed for efficient operation.   However, for legay UEs, they may suffer from frequent inter-frequency handovers among macrocell and small cells when moving through a macrocell.  How to resolve this issue by existing mechanisms for legacy UEs can be further studied if method #3 is supported in R12 small cell enhancements. 
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Figure 7 ( Example illustration of small cell autonomous component carrier selection 
Observation #7:  Existing mechanisms such as carrier-based ICIC may be engouh for legacy UEs.  Further evaluation can be conducted to study the system throughput gain introduced by small cell deployments with method #3.
Observation #8:  Existing mechanisms such as carrier-based ICIC requires further enhancements for R12 or beyond UEs to operate efficiently in small cells.  Further evaluation and study on this method can be continued.
Observation #9:  In method #3, the support of carrier aggregation may not be the requirement for UEs to benefit from small cell deployment when operators hold more than one frequency bands for small cell layer.


3. Conclusion

In this paper, we first discuss possible issues in different spectrum configurations described in [2] if existing techniques are applied directly for high deployment density of small cells.  Three methods are discussed together with some observations to provide candidate solutions for interference avoidance among small cells.  With discussion in previous section, we propose:
Proposal #1:  Evaluate whether existing techniques can provide sufficient system performance gain with the deployment of small cells in all three spectrum configurations shown in 3GPP TR36.932.

Proposal #2:   Consider the following three methods as options for further evaluation on interference avoidance in the study of small cell enhancements:
· Method #1: Small cell autonomous clustering with same physical cell ID
· Method #2: Small cell autonomous subband selection
· Method #3: Small cell autonomous component carrier selection
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