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1. Introduction

At the RAN#58 plenary meeting, a new study item on Small Cell Enhancements was approved [1]. One objective of this study item is as follows:

· 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. 

This contribution gives an overview on the candidate spectrum efficiency improvements including:
· RS overhead reduction

· Control signaling overhead reduction

· Higher order modulation scheme
2. RS overhead reduction

Reference signal overhead reduction is one potential enhancement to improve spectrum efficiency in this study item. Primarily UE-specific reference signals (DMRS) density can likely be reduced to increase spectrum efficiency. The cell-specific reference signal (CRS) density cannot be reduced due to the backwards compatibility, but is addressed by the NCT work item. 

The overhead of the DMRS is currently 6 REs per RB for transmission rank 1 and 2, and 12 REs per RB for ranks greater than 2. Assuming one OFDM symbol control region, 2 CRS ports and a normal cyclic prefix, the overhead of DMRS is 7% for rank 1-2 and 14% for ranks greater than 2, which are strict upper bounds of the gain for DMRS overhead reduction. If the DMRS overhead is reduced by, for example, 50% (i.e., every second RS symbol is removed), then at most 3.5% throughput gain is achievable for rank 1-2. In practice the gain is even lower, since worse channel estimation performance will further degrade the throughput.

Observation: 

· The upper bound on spectrum efficiency improvement is 7% (for rank 1-2) and 14% (for rank>2) in case of DMRS overhead reduction. 

Uplink improvements for DMRS are also conceivable for small cells. Similarly, the gain is limited and the channel estimation at the receiver needs to be extended and adapted to new RS structure to achieve robust performance.

Proposal:

· CRS is not considered to be an option to improve spectrum efficiency in this study item.

· UL/DL DMRS overhead reduction does not seem to provide substantial performance gains.

· The impact on current channel estimation implementations needs to be taken into consideration if modifications to UL/DL DMRS structure are to be introduced.

3. Control Signaling Overhead Reduction

3.1. Multi-TTI Scheduling

The small cell is expected to manage less number of UEs and the channel is relatively stationary in both time and frequency domain. Therefore, multi-TTI scheduling could be utilized to reduce the control signaling overhead. A multi-TTI scheduling assignment/grant contains the scheduling decision for a UE to receive or transmit data involving multiple TTIs. It has the advantage of reduced scheduling signaling overhead. On the other hand, it comes at the cost of reduced dynamic scheduling flexibility. The scheduling restrictions caused by multi-TTI scheduling can degrade the system performance and adaptability to changes in the radio environment and the traffic load/buffer levels.

For example, if new data arrives at eNodeB, the eNodeB may not be able to transmit the new data until previous scheduling commitments are fulfilled. Such constraints introduce additional delays in the link, which can be very detrimental for delay sensitive traffic and impact, for example, TCP slow start. An essential aspect of eNodeB implementation is to minimize the constraints imposed on the allowable scheduling. In particular the data traffic is dynamic by nature, and can change on a very short time-scale. The scheduling restrictions inherently degrade the system adaptability for changes in the radio environment and traffic load. Similarly, the scheduling constraints for uplink transmissions can degrade the performance and increase the latency of the system.
Observation:

· Multi-TTI scheduling assignments/grants introduce scheduling restrictions which degrade the system performance.
In Rel-11, the ePDCCH is introduced. Therefore, the potential overhead reduction on downlink control signaling is very limited, especially for wide bandwidths. For example, on a 20 MHz carrier, a single RB for ePDCCH corresponds to less than 1% overhead. Further reduction on control signaling in downlink has limited gains. In addition, the load of a small cell is expected to be lower than that of a Macro, hence the capacity of the control channel should not be an issue. On the other hand, multi-TTI scheduling assignments/grants could allow for PRB bundling in time, which could contribute performance gains in excess of the overhead reduction.
Proposal: 

· Any considered control signaling overhead reductions should demonstrate a tangible throughput gain.
3.2. Introduction of PDSCH on the First OFDM Symbol
Another alternative to reduce the control signaling overhead in small cells is to introduce the support for PDSCH mapping onto the first OFDM symbol, which was thoroughly discussed in [2]. In short, the mapping possibility is used when ePDCCH is available and a downlink control region size of zero is introduced. The eNodeB refrain from transmitting PCFICH and the remaining legacy downlink control in the subframes where the PDSCH is mapped to the first symbol. The UE will interpret that no legacy downlink control transmissions occur for the UE. The subframes are divided into two sets to ensure that transmissions to UEs not supporting ePDCCH use different subframes than the ones where PDSCH is mapped onto the first OFDM symbol. 
Using a PDSCH mapping starting from the first OFDM symbol can significantly decrease unnecessary overhead in conjunction with ePDCCH operation. It was observed in [2] that a considerable saving of overhead can translate to a throughput gain of 6 – 8% depending on number of configured CRS, normal or extended CP and the rank. It is hence also proposed to be used to reduce the control signaling overhead for small cells.
Observation:

· A throughput gain of 6 -- 8% can be achieved with overhead reduction by introducing PDSCH mapping onto the first OFDM symbol.  
Proposal: 

· Introduce support for PDSCH mapping onto the first OFDM symbol as a part of the dynamic signaling in DCI format 2D. 
4. Higher Order Modulation Scheme

In small cells, high SINR ranges can be expected, especially for isolated indoor deployments, which increases the relevance for 256 QAM as a means to increase the user peak rate. The primary limiting aspect of higher order modulation is the Error Vector Magnitude (EVM) that effectively acts as an interference floor regardless of the SINR of the radio environment. EVM is introduced at both the transmitter and receiver side and the total aggregated EVM in the range of 4-6% is required for substantial benefit of 256 QAM. The impact of EVM should be carefully investigated and it is therefore suggested that RAN4 should provide guidance on feasible EVM levels on small cell transmitter and the UE receiver for further study on 256 QAM in downlink.

The lower transmission power of small cell nodes to some extent makes it more feasible to implement such highly linear transmitters, which is also a motivation for considering 256 QAM. However, the power efficiency of the PA can be decreased with the low EVM PA implementation. For large scale small cell deployments, the power efficiency is a pre-requisite which needs to be taken into consideration during the study.

With 256 QAM, the maximum peak rate increase is 33% compared to 64 QAM used in current systems. However, higher modulation scheme puts on substantial peak computational complexity at both the transmitter and receiver. Therefore, the benefits should be demonstrated on both system level and link level in practical deployments with realistic EVM assumptions on a small cell Tx implementation and on the UE Rx implementation. 

Proposal: 

· Send LS to RAN4 asking for guidance on feasible EVM levels of a small cell Tx implementation and in a UE Rx implementation.

· Consideration is to be taken to power efficiency of small cell PA 

· Await response from RAN4 before initiating evaluations of 256 QAM

5. Conclusions

In this contribution, an overview on the candidates for spectrum efficiency improvement for the Small Cell Enhancement – Physical-layer Aspects is provided. The cons and pros of potential techniques for spectrum efficiency improvements are discussed. Based on the discussion, the following observations and proposals are made:

Observation:

· CRS should not be changed because that it will violate backwards compatibility.

· The upper bound on spectrum efficiency improvement is 7% (for rank 1-2) and 14% (for rank>2) in case of DMRS overhead reduction. 

· Multi-TTI scheduling assignments/grants introduce scheduling restrictions which degrade the system performance..

· A throughput gain of 6 -- 8% can be achieved with overhead reduction by introducing PDSCH mapping onto the first OFDM symbol.
Proposal:

· CRS is not considered to be an option to improve spectrum efficiency in this study item.

· UL/DL DMRS overhead reduction does not seem to provide substantial performance gains, but we are open to discussing RS improvements/optimizations that may increase the performance.

· The impact on current channel estimation implementations needs to be taken into consideration if modifications to UL/DL DMRS structure are to be introduced.

· Any considered control signaling overhead reductions should demonstrate a tangible throughput gain.
· Introduce support for PDSCH mapping onto the first OFDM symbol as a part of the dynamic signaling in DCI format 2D

· Send LS to RAN4 asking for guidance on feasible EVM levels of a small cell Tx implementation and in a UE Rx implementation.

· Consideration is to be taken to power efficiency of small cell PA 

· Await response from RAN4 before initiating evaluations of 256 QAM
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