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1
Introduction
With the densification of small cells, it is likely that some UEs may be very close to one or more small cells and hence may have good channel conditions. In this contribution, we investigate the possibility of supporting 256-QAM with small cells.
2
Discussion
In LTE Rel-11, up to 64-QAM is supported for both DL and UL (although UL 64-QAM Tx performance requirements are not specified) . With the densification of small cells and advances in implementation, it is possible for the UE to achieve high SNR operation conditions, motivating the need to investigate possible benefits that could be offered by high modulation order transmissions, particularly, 256-QAM.
In RAN1#72, some discussion on potential support of 256-QAM was carried out. It was agreed to send an LS to RAN4 to seek guidance on suitable EVM values to assume for 256QAM for each of the small cell transmission powers defined in 36.814. A reply LS from RAN4 appeared in [1]. In particular, it concludes:
· For Tx EVM,

· Transmitter EVM for 256QAM can be modelled as an AWGN component. 

· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM.

· For Rx EVM,

· Applicable Rx impairments can be modelled by an equivalent AWGN component at the receiver.

· UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. But RAN4 has not yet evaluated guaranteed minimum performance of Rx EVM. 

Herein we provide some analysis regarding 256-QAM via link-level simulations.
2.1
Simulation Assumptions

The constellation for 256-QAM is C=C1(C1, where C1 is given by:
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Similar to QPSK/16QAM/64-QAM, Gray code is designed to guarantee that adjacent constellation points along each axis differ by only 1-bit in their Gray codes. In the simulations, the Gray code is a simple extension of that for QPSK/16QAM/64-QAM.
EVA and EPA channel models are assumed. A Doppler spread of 5Hz is assumed, roughly corresponding to a 2GHz carrier frequency at a speed of 3km per hour. 
Each PDSCH is assumed to occupy the entire 50 RBs in a 10MHz system. The number of control symbols is assumed to be 3. The transport size for PDSCH is fixed for a particular simulation, but different transport block sizes are studied over different simulation runs. No HARQ combining and AMC are assumed for PDSCH, which helps isolate any impact due to MCS design and adaptive MCS selection. If HARQ and/or AMC is enabled, it is expected that the same trend in comparison between 256-QAM and 64-QAM will hold, although the actual differences may vary to some extent.

Tx EVM at the eNB is modeled, with a value of 0% (which sets the upper bound for performance) or 4% (which is below the currently specified eNB requirement in [2]). Rx EVM at the UE is also modeled, with a value of 0% or 2%. Both the 4% Tx EVM and the 2% Rx EVM is within the possible range of EVM values suggested by RAN4 in [2]. Indeed, both the Tx EVM and Rx EVM values are higher than the minimum possible EVM values suggested in [2] (3% and 1.5%, respectively).
2.2
Simulation Results

Note that since MCS and TBS tables are currently not available for 256-QAM, some payload sizes are picked. A throughput curve is obtained for each payload size, and the envelope of all these curves constitutes the final achievable throughput. For the sake of fair comparison, the same approach is also used to determine the achievable throughput for 64-QAM based transmissions.
Figure 1 and Figure 2 show DL throughput performance for EVA and EPA channels, respectively. Uncorrelated antennas are assumed. For each channel model, four cases are considered:
· Case 1: 64-QAM DM-RS based rank 1 transmissions 

· Case 2: 64-QAM DM-RS based rank 2 transmissions

· Case 3: 256-QAM DM-RS based rank 1 transmissions

· Case 4: 256-QAM DM-RS based rank 2 transmissions
Practical channel estimation and CSI feedback were modeled (with a 8ms reporting delay). Unless otherwise specified, a 2x2 antenna system is assumed.
2.2.1
EVA5 Channel Model

The following can be observed for the EVA channels:

· Under perfect EVM (0%) 

· Rank1 transmissions: 256-QAM based transmissions starts to outperform 64-QAM based transmissions at around 18 dB SNR. The performance gain can be around 25% at 30dB SNR or higher.
· Rank 2 transmissions:  downlink throughput gain due to 256-QAM does not show up until at ~27dB SNR. At 30dB or higher, roughly 10-20% throughput gain can be achieved.
· Under imperfect EVM (4% for Tx and 2% for Rx) 

· Rank1 transmissions: 256-QAM based transmissions starts to outperform 64-QAM based transmissions at around 20 dB SNR. The performance gain can be a bit over 20% at 30dB SNR or higher.

· Rank 2 transmissions:  downlink throughput gain due to 256-QAM does not show up even at very high SNR.

· Regardless of the assumption of EVM, 64-QAM with rank 2 generally outperforms 256-QAM with rank 1.
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Figure 1 DL throughput, EVA5, EVM 0%,  rank 1 (left) and rank 2 (right)
[image: image4.jpg]Throughput (bps)

EVA 5 Hz
Tx EVM 4%
Rx EVM 2%
Rank 1

12 14 16

18

20 22 24 26 28 30 32 34 36 38 40
Geometry (dB)



[image: image5.jpg]Throughput (bps)

12

EVA 5Hz
Tx EVM 4%
Rx EVM 2%
Rank 2

14 16

18 20 22 24 26 28 30 32 34 36 38 40
Geometry (dB)




Figure 2 DL throughput, EVA5, 4% Tx EVM and 2% Rx EVM, rank 1 (left) and rank 2(right)
2.2.2
Impact of Number of Rx Antennas and Different Channel Models
In previous simulations, it is assumed that the UE is equipped with 2 Rx antennas. Here we take a look at the case when 4 Rx antennas are available at the UE. This is shown in Figure 3 and Figure 4 for EVA and EPA channels, respectively. Note that rank 3 or rank 4 transmissions were not enabled.  It can be observed that the availability of 4 Rx significantly improves DL throughput performance, especially for rank 2 transmissions. This is due to increased SNR levels and improved cross-layer interference handling capability. In particular, for rank 2 transmissions, the benefit of 256QAM shows up starting from ~26dB SNR and can be around 10% at very high SNR levels, even with 4% Tx EVM and 2% Rx EVM, as long as 4Tx antennas are available at the UE side. [image: image6.jpg]Throughput (bps)
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Figure 3 DL throughput, EVA5, 4% Tx EVM and 2% Rx EVM, rank 1 (left) and rank 2(right), 4Rx
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Figure 4 DL throughput, EPA5, 4% Tx EVM and 2% Rx EVM, rank 1 (left) and rank 2(right), 4Rx

3
Conclusions 

In this contribution, we presented some analysis of 256-QAM for small cells via link level simulations. The following was observed:

·  Under 4% Tx EVM and 2% Rx EVM (higher than the minimum possible EVM values suggested by RAN4 in [1]), 

· For rank 1 transmissions, 256-QAM offers DL throughput gain starting from ~20dB SNR and the gain can be around 20%.

· For rank 2 transmissions, 256-QAM does not offer performance gain for the case of 2Rx antennas at the UE. When 4 Rx antennas are available at the UE, DL throughput gain shows up from ~26dB, and can be up to 10% at very high SNRs.
Therefore, we propose:

· Given the suggested possible EVM values by RAN4 in [1], consider supporting 256-QAM in Rel-12.
· If 256-QAM is to be supported, it should be supported for both CRS based PDSCH and DM-RS based PDSCH.
4
References 

[1] R1-134041, “Reply LS on Higher Order Modulation Evaluation Assumptions”, RAN4
[2]
36.104, E-UTRA: Base Station (BS) radio transmission and reception.
PAGE  
3/5

