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1 Introduction

In RAN#58, an LTE Release 12 study item on physical layer aspects of small cell enhancements was approved in [1]. One of the objectives of this SI is investigation of the potential improvements for spectrum efficiency of small cell deployments, including introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink and overhead reduction for UE-specific reference signals and control channels. In this contribution we discuss specific simulation assumptions targeting evaluation of such enhancements.

2 Discussion
Support of higher order modulations in the downlink:


Efficiency of higher order modulation in the downlink is tied with typical interference and noise levels seen at the UE receiver and feasibility of achieving desired error vector magnitude (EVM) characteristics at the eNB transmitter at reasonable cost. Additionally as higher order modulations are targeting higher SINR range several practical receiver impairments, which might introduce the error floor, should be considered in the evaluation. One of the most common receiver imperfections is a channel estimation error. Although such impairment was already considered in the previous system level evaluations of LTE-A, the conventional channel estimation error model would need to be extended for modelling of non ideal assumptions at the UE side w.r.t. second-order statistics of the channel (such as power delay profile, Doppler spread, SINR). The motivation for this evaluation assumption is that channel estimation noise at high SINR region is tending to be determined by the interpolation errors that would occur due to mismatch between the assumed (or estimated) and the actual channel statistics. Since it is expected that efficiency of using higher order modulations at high SINR region would be determined by such type of the errors, the extended channel estimation modelling should be considered for all small cell evaluation. By similar reason such non ideal channel estimation models should be also used in the evaluation of new structures of UE-specific reference signals with reduced overhead. 


In TR 36.814 [2] a limited guidance is provided for modelling of the fast fading channels in the networks with small cells. This is unfortunate since frequency- and time-selective properties of the channels are important to consider, especially for investigation of the enhancements associated with reference signal design and higher order modulations. Given that usage of higher order modulation for downlink transmission would also depend on possibility of creating multiple spatial streams but with lower modulation order, modelling of the spatial channel structure in the fast fading channel is also crucial. In that perspective consideration of LOS component (that will determine probability of spatial multiplexing) in the channel model and/or small cell nodes with single transmit antenna is important in the evaluations of higher order modulation schemes. One option of the channel model that encompasses requirements above is SCME based ITU channel. In particular UMi and InH can be used for modelling of the channel for outdoor and indoor small cells respectively [3].


As mentioned above supporting higher-order modulation formats such as 256QAM will also require more stringent requirements on EVM performance from the eNB transmitter. Achieving a lower EVM requires better linearity from the transmitter’s power amplifier, lower phase noise from the local oscillators being used for frequency up conversion in the transmitter, and reducing IQ imbalance from the modulator. As small cell nodes are typically considered as class of devices with lower cost than macro eNBs, some feasibility study of achieving desired EVM characteristics at the eNB transmitter at reasonable cost is needed. Preferably, an LS should be sent to RAN4 with request to conduct such evaluations. 


Other aspects that should be considered for evaluation of higher order modulation are impact on specification and UE implementation complexity. More specifically the tradeoffs between potential performance improvement and additional complexity at the UE (e.g. for advance MIMO receivers) should be taken in to account. The other aspects that might affect the performance of higher order modulation are platform noise and RF impairments, including adjacent channel interference (see Figure 1). Such impairments may be optionally considered in the evaluations.
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Figure 1: Adjacent channel interference

Proposal:
For evaluation of higher order modulations enhancement the following aspects should be considered:
· non ideal channel estimation models including non ideal assumption on the second-order statistics of the channel (power delay profile, Doppler spread, SINR)

· multi-path fast-fading channel models with spatial structure and LOS component modelling

· Urban micro cell (UMi) and Indoor hotspot (InH) ITU models can be considered for evaluation of outdoor and indoor small cells respectively

· small cell nodes with single transmit antenna

· feasibility of achieving desired EVM characteristics to support higher order modulations at the eNB transmitter at reasonable cost

· LS should be sent to RAN4 with request to conduct such evaluations

· Tradeoffs between specification impact, UE complexity and potential performance improvement
· Other RF impairments (e.g. adjacent channel interference) and platform noise may be optionally considered
Optimization of reference signal structure:


Another approach that can be used to improve spectral efficiency of small cell operation in both downlink and uplink is reduction of overhead from UE-specific reference signals. The overhead reduction might be possible due to the fact that typical channel models for indoor small cells have less variation in time and frequency (low user mobility and nearby scatters). In that case a fewer number of channel observations within a RB pair can be used by the UE to track the channel in time and frequency with a same or similar performance. On the other hand the reference signal down sampling might deteriorate the channel estimation processing gain in low SINR/SNR region, which in accordance to TR 36.932 should be sufficient to support dense deployment scenarios and coverage for a variety of small cell deployment scenarios [4]. Therefore for evaluation of the UE-specific reference signals design the low SINR region and coverage aspect of small cells should be also considered. 
Proposal:
· For evaluation of UE-specific reference signals design consider low SINR region and coverage aspects of the small cells for both uplink and downlink.
Control channel overhead reduction:

The realistic feedback timing implies that CSI reports are provided to the eNB with certain periodicities. During time period between two adjacent CSI reports the link adaptation at the eNB is performed in accordance to outer-loop link adaptation, which is based on ACK/NACK reports from the UE. If the link adaptation can be made sufficiently accurate the control signalling overhead associated with time dependent MCS selection can be saved. Similarly uplink signalling overhead reduction for FDD can be achieved for ACK/NACK channel. In that perspective modelling of realistic timing for CSI and ACK/NACK reports is required to understand the benefits of such control channel overhead reductions.

Proposal:
· Consider realistic CSI feedback and ACK/NACK timing modelling for evaluation of control channel overhead reduction enhancements.

Summary


In this contribution we have discussed the specific simulation assumptions targeting small cells enhancements for spectrum efficiency, including introduction of a higher order modulation schemes (e.g. 256 QAM) for the downlink and overhead reduction for UE-specific reference signals and control channels. The following proposals have been made:
Proposal: 
· For evaluation of higher order modulations enhancement the following aspects should be considered:
· non ideal channel estimation models with non ideal assumption at the UE on the second-order statistics of the channel (power delay profile, Doppler spread, SINR)

· multi-path fast-fading channel models with spatial structure and LOS component modelling

· Urban micro cell (UMi) and Indoor hotspot (InH) ITU models can be considered for evaluation of outdoor and indoor small cells respectively

· small cell nodes with single transmit antenna

· feasibility of achieving desired EVM characteristics to support higher order modulations at the eNB transmitter at reasonable cost

· LS should be sent to RAN4 with request to conduct such evaluations

· Tradeoffs between specification impact, UE complexity and potential performance improvement

· Other RF impairments (e.g. adjacent channel interference) and platform noise may be optionally considered
· For evaluation of UE-specific reference signals design consider low SINR region and coverage aspects of the small cells for both uplink and downlink.
· Consider realistic CSI feedback and ACK/NACK timing modelling for evaluation of control channel overhead reduction enhancements.
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