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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 under small cells.
2
Discussion
In LTE Rel-11, up to 64-QAM is supported for both DL and UL. 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.
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 Gary code is a simple extension of that for QPSK/16QAM/64-QAM.
Three types of channel models are considered: EPA, EVA, and ETU. 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.

EVM at the eNB is modeled, with value of 0% (which sets the upper bound for performance) or 6% (which is the currently specified eNB requirement as in [1]).
Two types of antenna correlation are assumed: 0.0 and 0.9, with the former representing uncorrelated antenna deployment and the latter representing highly correlated antenna deployment.
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 based rank 1 SFBC transmissions (as defined for DL transmission mode 2)

· Case 2: 64-QAM based rank 2 transmissions, based on DL transmission mode 4

· Case 3: 256-QAM based rank 1 SFBC transmissions

· Case 4: 256-QAM based rank 2 transmissions, based on DL transmission mode 4
The following can be observed for the EVA and EPA channels:

· Under perfect EVM (0%) 

· Rank1 transmissions: 256-QAM based transmissions starts to outperform 64-QAM based transmissions at around 24dB SNR. The performance gain can be around 30% at 30dB SNR or higher.
· Rank 2 transmissions:  downlink throughput gain due to 256-QAM does not show up until at 28dB SNR. At 30dB or higher, roughly 10-20% throughput gain can be achieved.
· Under 6% EVM

· The performance gain almost completely vanishes 
· Regardless of the assumption of EVM, 64-QAM with rank 2 generally outperforms 256-QAM with rank 1.

In addition, as shown in Figure 3, under ETU channels, the gain due to 256-QAM is insignificant even under perfect EVM.
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Figure 1 DL throughput, EVA5, EVM 0% (left) and 6% (right), uncorrelated antennas
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Figure 2 DL throughput, channel model EPA5, EVM 0% (left) and 6% (right), uncorrelated antennas
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Figure 3 DL throughput, channel model ETU5, EVM 0% (left) and 6% (right), uncorrelated antennas
Figure 4 presents the case when the antennas are correlated (with a correlation factor of 0.9). The PDSCH transmission is assumed to be a rank 1 transmission using a precoding vector corresponding to PMI 0 specified under DL transmission mode 4. As can be seen, under perfect EVM, the gain due to 256-QAM starts to show up around 24dB SNR, and can reach about 15% at 30dB or higher. Again, when imperfect EVM is assumed (6%), the gain almost disappears.
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Figure 4 DL throughput, channel model ETU5, EVM 0% (left) and 6% (right), correlated antennas
2.3
Discussion
From the above simulations, the following are observed:
· Under perfect EVM, 256-QAM may offer some gain for rank 1 transmissions at 24dB SNR or higher for some  channel models. At 30dB SNR or higher, the gain can be around 30%.

· However, 256-QAM does not offer performance gain for rank 2 transmissions until 28dB SNR or higher. 
· Under current EVM requirement (6%), there is no or rather insignificant gain even at 30dB SNR for both rank 1 and rank 2 transmissions.
Due to the observations that the benefits for 256-QAM are more pronounced for rank 1 transmissions, and the fact that rank 2 with 64-QAM generally outperforms rank 1 with 256-QAM transmissions, it is thus important to understand the channel models associated with small cells. 

More importantly, due to the fact that the performance gain is very sensitive to eNB EVM requirement and that no gain is observed under the current eNB EVM requirement, it is thus necessary to consult RAN4 regarding the possibility of tightening eNB EVM requirements. Therefore, we propose:
· Proposal: Send an LS to RAN4 regarding the possibility of tightening eNB EVM requirements.
3
Conclusions 

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

·  Under perfect EVM, 256-QAM may offer some gain for rank 1 transmissions at 24dB SNR or higher for some channel models. At 30dB SNR or higher, the gain can be around 30%.

· However, 256-QAM does not offer performance gain for rank 2 transmissions until 28dB SNR or higher. 

· Rank 2 with 64-QAM generally outperform rank 1 with 256-QAM transmissions.
Therefore, it is important to understand the channel models associated with small cells. 

However, 
· Under current EVM specification (6%), there is no or rather insignificant gain even at 30dB SNR for both rank 1 and rank 2 transmissions. 
Therefore, we propose:

· Proposal: Send an LS to RAN4 regarding the possibility of tightening eNB EVM requirements.
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