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1. Introduction 
In LTE Rel-12, small cell with lower power nodes will be studied.  The main purpose of introducing small cell deployment is to cope with explosion of mobile traffic, especially for hotspot in both indoor and outdoor scenarios. Additional spectrum allocation such as those in 3 GHz bandwidth also makes it more suitable for small cell deployment. At RAN #58 meeting, scenarios and requirements for small cell are concluded in [1], which will be used as scenario and requirement guideline for small cell study for both UTRA and E-URTA in RAN.  Study items for both physical layer and upper layer were also discussed and agreed [2]
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[3] . 
In [2],  the areas that the study should be focused are listed, among which are the possible enhancements to improve spectrum efficiency as stated below
1. Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 
In this contribution, different aspects for such enhancement are discussed, which include the potential techniques, the possible impact to the spec, and the corresponding evaluation assumptions. 
2. Discussion 
2.1. Introducing higher order modulation (e.g., QAM-256) for downlink
At this stage, LTE supports modulation order from QPSK, to QAM-16 and QAM-64, to further improve spectrum efficiency, higher order modulation such as QAM-256 could be considered. On the other side, as the coverage of small cell is smaller as compared with the macro-cell, the SNR condition could be good enough to support such higher order modulation. However, a number of aspects need to be carefully considered to assess the impact of introducing such higher order modulation, which includes the standard efforts, complexity of the system, and the real performance benefits. 
2.1.1. SNR condition

The small cell could have smaller coverage, which means the SNR condition could be good at the UE. Whether such SNR condition is good enough to support QAM-256 needs to be verified. On the other hand, small cells could be deployed in cluster to improve the coverage. As small cells will operated on the same frequency band, even though the macro-cell and small cells could operate on the same or different frequency band, the inter-cell interference from at least other small cells could be strong. This may make it difficult to support higher order modulation such as QAM-256.  Certain techniques could be used to mitigate such interference, for example, ICIC could be used among coordinated small cells. Alternatively, advanced receiver could be used at UE side which could estimate/cancel some interference. 
2.1.2. Standard efforts
Current specification would support modulation order up to QAM-64, introducing higher order modulation could require standard efforts, which include making both technical and testing specifications.  For example, in RAN1, CQI tables needs to be modified to support QAM-256 along with the other modulation order.  The CQI table could either be expanded or some entries be replaced with new entries. If the table is expanded, more bits are required for CQI feedback. If the table is not expanded but modified, the granularity of CQI step could become coarse which would impact the performance. At the eNB side, the TBS table may need to be modified to accommodate QAM-256. This may lead to more bit to indicate modulation and coding in downlink grant. If that is the case, either DCI format size needs to be increased or some bits could be reused.  In RAN4,  EVM requirement also needs to be defined for QAM-256 and new testing cases needs to be generated for QAM-256 performance tests. 
2.1.3. System impact 
To support QAM-256 would have impact to the system including both eNB and UE. For example, in order to support QAM-256, the received signal strength at UE needs to reach certain range. That requires larger dynamic range at the receiver front end of the UE, which could impact the ADC design at the UE and add more complexity. That is in addition to implement those functions mentioned above due to the specification change. Supporting QAM-256 would also impact the eNB as it would impose stricter TX signal quality requirements and it may also bring impact to the interface such as S1 and X2. Certainly, if QAM-256 does show significant performance benefits, such complexity increase could be justified.  
2.1.4. UE capability to support QAM-256

Based on the above analysis, we feel introducing QAM-256 may improve spectrum efficiency, however, the impact to the specification and complexity of the system especially the UE seems not trivial. Therefore, it may be more feasible to limit the support QAM-256 as UE capability in Rel-12 if it is introduced. Such feature could be supported along with other advanced features at UE such as interference cancellation. On the other side, some limitation could be applied to balance the support of QAM-256 and MIMO transmission, for example, QAM-256 could only be supported for up to 2 or 4 layers of MIMO transmission, which could limit the complexity at the UE to certain level.
2.1.5. Evaluation assumption

To determine if we need to introduce QAM-256, the system level simulation is needed to evaluate the performance gain.  A couple of small cell deployment scenarios could be considered, which include cluster of small cells or single small cell. Inter-cell interference among small cells shall be properly modelled, ICIC could be used to mitigate such interference. Real channel estimation should be used in the evaluation. Both system throughput and peak data rate could be used as metrics to show performance gain. 
Proposal:

· System simulation is needed to evaluate the performance benefits of introducing QAM-256

· The standard efforts need to be assessed and complexity increase mainly at UE side needs to be considered. 

· If QAM-256 is introduced, it shall be adopted as an UE capability. 
2.2. Reduced DL overhead 
The improved spectrum efficiency could be achieved by introducing higher order modulation, like QAM-256, as discussed in the previous section. It could also be achieved by reducing the overhead such as reference signals and control signals. 

2.2.1. RS overhead reduction

There are a couple of types of RS could be transmitted in small cell, namely, CRS, CSI-RS and DMRS. The CRS could be used to support legacy PDCCH, demodulation of PDSCH for legacy UE and measurement like RRM and RLM.  The reduction of CRS could be the focus of NCT WI,  and not the focus of the study of small cell.  For CSI-RS, as it is transmitted in quite low density, especially in time domain, its overhead is quite small. To further reduce its overhead does not bring much benefit in improving the spectrum efficiency. 
The main focus then in RS overhead reduction would be on UE-specific RS, or DMRS.  There are two reasons that such reduction may bring more benefits and less impact for small cell. 

· As the small cell coverage is small, and mainly targets low mobility UE in both indoor and outdoor, the channel delay spread and Doppler spread are lower compared with macro-cell. That make it possible to reduce the DMRS overhead while still maintain acceptable channel estimation performance

· The DMRS are transmitted in PRBs allocated for a particular UE, therefore, the DMRS reduction would only impact to that particular UE. This is different from CRS and CSI-RS, which would be used by all the UE, and therefore, reduction on those RS may have larger impact.  For example, reduced DMRS could be transmitted in PRB pairs for new UE (Rel-12) while normal Rel-10 DMRS could still be transmitted in PRBs allocated for Rel-10/11 UE. That could allow the support of both new UE and legacy UE in small cell without any issue.
The DMRS overhead reduction could be achieved by reuse the current Rel-10 DMRS patterns, while reduce the density in either time, or frequency domain or both.  Alternatively, the new design of DMRS patterns could be considered. To reduce the impact to the system, especially to the UE, and limit the standard efforts, simply reuse current Rel-10 DMRS patterns while reducing its density is preferred. 
Proposal:

· It is preferred to reuse the Rel-10 DMRS patterns while reducing its density
2.2.2. Overhead reduction for control signal

The overhead reduction for control signals could also be possible for small cell. One reason comes from that smaller channel delay spread in small cell scenarios will lead to more flat channel. That in turn makes the scheduling and feedback granularity become more coarse with larger size of subband.  The impact could be resource allocation in downlink grant and channel measurement and feedback in uplink. It is certainly desirable to see the benefits of such overhead reduction, however, standard efforts to include such changes and impact to the UE may also need to be carefully considered especially because these changes will affect control signals, which normally require more standard efforts. For example, it may add UE complexity to support different sizes of DCI for different resource allocation granularity. 
Proposal:

· Overhead reduction on control signal needs to be carefully considered between gain and standard efforts.
3. Conclusions

In this contribution, a number of aspects to improve spectrum efficiency for small cell are discussed and our preference at this stage could be summarized as follows
Proposal:

· System simulation is needed to evaluate the performance benefits of introducing QAM-256

· The standard efforts need to be assessed and complexity increase mainly at UE side needs to be considered for introducing QAM-256. 

· If QAM-256 is introduced, it shall be adopted as an UE capability. 
· It is preferred to reuse the Rel-10 DMRS patterns while reducing its density

· Overhead reduction on control signal needs to be carefully considered between gain and standard efforts.
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