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1 Introduction
In TSG-RAN#58, a new study item for small cell enhancement was agreed [1]. One focus area of the study discussed in [1] is enhancements and overhead reduction for UE-specific RS (UE-RS) in small cells:
· 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 Section 6.1.2 in TR 36.932 [2], the target speeds for indoor and outdoor UEs are described as in the following:
· For indoor UE, only low UE speed (0 – 3 km/h) is targeted. For outdoor, not only low UE speed, but also medium UE speed (up to 30km/h and potentially higher speeds) is targeted.
This contribution discusses issues associated with introduction of higher-order modulation (HOM) and UE-RS enhancements, and corresponding evaluation assumptions. 
2 Feasibility of introducing HOM for small cells 
Compared with existing modulation schemes specified in 3GPP TS 36.211 (Release 11), 256-QAM modulation requires higher SINR at the receiver to achieve the same error performance. For 256-QAM, received SINR is limited by the error vector magnitude (EVM) and the quantization noise introduced by the analog-to-digital converter (ADC) at the receiver.  In this section, we discuss feasibility aspects of using 256-QAM for small cell deployment in terms of requirements on EVM and quantization noise. 

EVM Measurement and Requirements 

According to the definition given in 3GPP TS 36.104, 
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can be viewed as a maximum possible SINR under the assumption that distortions introduced by wireless channels, noise and interference are negligible. Therefore, EVM is often used to determine feasibility for adopting high order modulation in practice. EVM is primarily determined by the RF impairments at the transmitter which include several factors listed below: 
· nonlinearity of power amplifier (PA), 
· phase noise, 
· I/Q imbalance; 
· filter distortion. 
The 3GPP TS 36.104 specification describes the EVM measurement method and the requirements for QPSK, 16-QAM, and 64-QAM. We now overview the EVM measurement method and the EVM requirements for downlink transmissions which are described in the 3GPP TS 36.104 specification.  
[image: image2.emf] 

BS TX  

Remove  CP  

FFT  

Per - subcarrier  Amplitude/phase  correction  

Symbol  detection  /decoding  

Reference point  for EVM  measurement  

Pre - /post FFT  time / frequency  synchronization  


Figure 1: Reference point for EVM measurement [3GPP TS 36.104]
For downlink (DL) transmission, EVM is used to measure the quality of the transmitted signal over one resource block (RB). As shown in Fig. 1, EVM is measured after a zero-forcing (ZF) equalizer (per-subcarrier amplitude/phase correction), which is specified in 3GPP TS 36.104 [4]. The measurement duration is one subframe (1 ms). To reduce the noise impact, the measurement is averaged over 10 DL subframes (see Annex E in 3GPP TS 36.104 for details).  
In 3GPP TS 36.104, the EVM requirements for QPSK, 16-QAM, and 64-QAM are specified as shown in Table 1. In the IEEE 802.11ac standards [5], the EVM requirements for 256-QAM with code rate 3/4 and rate 5/6 are around 3% and 2%, respectively, in wireless local area networks (WLAN). We are concerned about whether such low EVM requirements for 256-QAM can be met in small cell deployment. Compared with WLANs, LTE-A small cell deployment poses additional EVM challenges. As discussed earlier, one dominant factor contributing to EVM is the nonlinearity of the PA. In the 802.11ac standards [5], the number of data subcarriers is 468 while in LTE-A, the number of data subcarriers can be as large as 1200. In addition, typical transmitter output power for WLAN is less than 200 mW (23 dBm) while in small cell deployment, low power nodes can have transmitter output power over 1 W (30 dBm).  Thus, the nonlinearity impact of PA on the EVM performance in LTE-A small cell deployment can be more severe than that in IEEE 802.11ac.  
Table 1 EVM requirements
	Modulation scheme for PDSCH
	Required DL EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256 QAM
	 [x%] 


The SNR value required for achieving 10% BLER with 256-QAM and the highest code rate can serve as an upper-bound on EVM requirement. To be specific, the EVM should satisfy the following requirement 
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where 
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 is the minimum SNR value for achieving 10% BLER for AWGN channels. The values of 
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 can be obtained via link level simulation (LLS). Applying EQ. (1), we can obtain an upper bound on the EVM requirement. 
The issue of whether or not current or near-future RF technology is capable of satisfying this EVM requirement should be studied under certain practical assumptions, which could be provided by RAN4. In addition, system-level simulations (SLS) can be conducted to verify that the operating SNR, i.e., 
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, can be achieved in the small-cell environment and the percentage of UEs that can achieve it. 
Proposal 1: 
· Study EVM requirements (x%) for 256QAM by link-level simulations; and study whether or not the current RF technology can meet the EVM requirement. 
· Study whether or not satisfying the EVM requirement is feasible in small cell deployment scenarios by system-level simulations.
UE Complexity Requirement
In addition to EVM, the impact on UE complexity needs careful consideration when determining whether to support 256QAM in future LTE releases. In order to support 256QAM, the UE complexity would increase accordingly. Two areas that are directly impacted by the support of 256QAM are:

· PDSCH decoder

· Analog-to-Digital convertor

Supporting 256QAM will increase the peak data rate of a UE by 33% since modulation order increases from 6 to 8. It would mean that the decoder complexity and the relevant HARQ buffer sizes would increase by the same factor. 
ADC is another component in the UE that would be impacted for the support of 256QAM. Theoretically, 256QAM requires at least 6dB higher SNR than 64QAM to achieve similar BER performance. In order to realize such a high SNR, the quantization noise at the UE’s ADC has to be controlled to a level that is significantly lower than when supporting only up to 64QAM. Typically, a UE supporting 64QAM and downlink MIMO requires an ADC of 10~12 bits. In order to meet the quantization error requirement, it is expected that an ADC of much higher resolution is inevitable leading to higher implementation complexity. Additionally, a higher resolution in ADC would generate higher power consumption in the quantization process. For example, the power consumption of a 14 bit ADC is about 4 times that of a 12 bit ADC.

Proposal 2: 
Study the overall increase in UE complexity and UE power consumption in order to support 256QAM.
3 Necessity of introducing reduced-overhead UE-RS
In Rel-11, the UE-RS overhead is 12 REs/PRB for rank-1&2 SU-MIMO and MU-MIMO, and 24 REs/PRB for rank>2 SU-MIMO. In Rel-8 (AP 5), UE-RS overhead of 12 REs/PRB was determined based upon an observation that the 12 REs/PRB gives a good trade-off between overhead and channel estimation performance (e.g., [3]) in channel models of TU6 and PA for various UE speeds of 3, 30, 60, 120 and 250 km/h. In Rel-9, a new UE-RS design (APs 7 and 8) was introduced based on CDM, and the same overhead of 12 REs/PRB is kept for rank 1 and rank 2 (APs 7 and/or 8) as AP 5. In Rel-10, the design of UE-RS for APs 7 and 8 was extended to support rank > 2. For ranks 3 and 4, the UE-RS overhead was doubled to carry additional APs 9 and 10. 
 In Rel-12, small-cell scenarios are considered under which there could be some performance benefits if reduced-overhead UE-RS is introduced. However, given that UE-RS design has already been verified for low or moderate UE speeds and for a wide range of UE SINRs, we need to identify additional target scenarios for small cell operation and study whether or not the performance benefits are sufficiently large, under practical small-cell deployment scenarios, to justify new designs and implementations. 
Proposal 3: 
· Study performance benefits of introducing reduced-overhead UE-RS and identify respective realistic small-cell deployment scenarios.
4 Evaluation Scenarios and Assumptions
Link-level evaluation assumptions
To verify the potential benefits of HOM and reduced-overhead UE-RS for small cells, a UE-RS based scheme, e.g., the primary transmission scheme for TM9 (up to 8 layer transmission scheme) can be used. As TM9 can be configured for SU-MIMO and MU-MIMO, the study could evaluate performance for both SU-MIMO and MU-MIMO operations. However, the initial evaluations may focus on SU-MIMO with typical antenna configurations of 2x2 and 4x2. The channel models for these evaluations should be selected according to TR 36.932, which states that the study will consider both indoor and outdoor UEs, where 0-3 km/h is targeted for indoor UEs and medium speed (up to 30km/h and potentially higher speeds) is targeted for outdoor UEs. The evaluations may use EPA with low UE speed for indoor, and EVA/ETU with low-to-medium UE speed for outdoor. For reducing simulation cases, a single channel model out of the two channel models for outdoor can be selected, e.g., ETU. Table 2 summarizes link-level simulation parameters that can be commonly used for simulations for evaluating performance of the HOM and reduced UE-RS. 
Table 2 Common link-level evaluation parameters for HOM and reduced-overhead UE-RS
	Parameters
	Details

	Carrier frequency
	3.5 GHz

	System Bandwidth
	10 MHz

	Channel model and UE speed
	EPA 3km/h
ETU 3km/h, 30km/h

	Transmission scheme
	Up to 8 layer transmission scheme
SU-MIMO (for now)

	Antenna configuration
	4x2, 2x2 with low correlation


HOM EVM Requirement:
The EVM requirement for HOM can be derived by the operating SNR at 10% BLER of a fixed-MCS transmission scheme. For example, the link-level simulation setting can be as in Table 3.  

Table 3 Link-level evaluation parameters for EVM requirement
	Parameters
	Details

	Modulation Format
	256 QAM

	FEC
	3GPP Turbo Codes

	Link adaptation and HARQ
	No

	Code Rate
	5/6

	Rank
	Fixed: 1, 2


Once 
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 value in this configuration is obtained, a corresponding upper-bound on EVM can be computed by 
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Reduced-overhead UE-RS:
A performance metric that can jointly consider performance loss and overhead benefit of the new low-overhead UE-RS would be spectral efficiency (bits/sec/Hz). The spectral efficiency can be obtained from a link-throughput evaluation. For the evaluation, link adaptation can be included, e.g., rank/precoder adaptation as well as MCS adaptation for UE-RS transmissions. However, in order to isolate the benefits of the new UE-RS from HARQ coding gains, it is proposed not to include HARQ in the evaluation. Table 4

 REF _Ref346036254 \h 
 summarizes link-level simulation parameters that can be used for simulations evaluating performance of reduced density UE-RS designs. 
Table 4 Link-level evaluation parameters for reduced-overhead UE-RS
	Parameters
	Details

	Performance metric
	Spectral efficiency (bits/sec/Hz)

	Link adaptation
	Yes (rank/precoder and MCS)

	HARQ
	No


System-level evaluation assumptions
To study the feasibility of HOM (256QAM), a system-level study needs to verify that the operating SINR for the HOM, 
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, can be achieved in the small-cell environment. Details of the system-level simulation assumptions can be found in a companion contribution [6].
5 Conclusion
This contribution has considered issues associated with the introduction of HOM and reduced-overhead UE-RS in the small-cell environments. The proposals from this contribution are summarized below:
Proposal 1: 
· Study EVM requirements (x%) for 256QAM by link-level simulations; and study whether or not the current RF technology can meet the EVM requirement. 
· Study whether or not satisfying the EVM requirement is feasible in small cell deployment scenarios by system-level simulations.
Proposal 2: 
· Study the overall increase in UE complexity and power consumption in order to support 256QAM.

Proposal 3: 
· Study performance benefits of introducing reduced-overhead UE-RS and identify respective realistic small-cell deployment scenarios.
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