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1. Introduction
256 QAM is considered as one candidate enhancement to improve the peak rate performance in small cell deployments. 

In small cells, high SINR ranges can be expected, especially for isolated indoor deployments, which increase the relevance for 256 QAM as a means to increase the user peak rate. In TSG RAN WG1 #72, it was concluded that the performance of 256 QAM will to a great extent depend on the linearity of the transmitter and receiver chains. Moreover, an LS [1] was sent to RAN4, to assist in determining practically achievable Tx EVM values, and receiver impairment models that may limit the performance in high geometry scenarios. A preliminary LS response was received from RAN4 in TSG RAN WG1 #72bis [2], where the following impairments where highlighted:
· RX local oscillator phase noise 

· RX dynamic range

· I/Q imbalance 

· Carrier leakage

· Carrier frequency offset

Discussions in RAN4#66bis have identified different views on UE RX impairments for 256QAM compared to 64QAM. Further discussions are needed in RAN4 to determine the magnitude of the impairments.

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. 

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. 

Herein we provide some preliminary performance evaluations of 256QAM taking factors such as Rx and Tx EVM, into account. Moreover, we give SINR CDFs for the ITU Indoor Hotspot scenarios for a range of resource utilizations, to assess the probability of the SINR ranges required to achieve gains with 256QAM.
2. Discussion
There are many aspects that interact when determining the overall benefit of 256QAM. For a given SINR point the performance gain can be evaluated on link level. In Section 2.1, we provide a preliminary assessment of the link level performance of 256 QAM. Secondly, the relevance of SIRN ranges where 256QAM can provide a gain is assessed in Section 2.2 where the SINR CDFs for hotzone UEs in Scenario 2b is evaluated.
The results herein should however be seen as preliminary since the error modeling may not correspond to the recommendation from RAN4 in an upcoming response to [1].
2.1. Link Level Results

Next we provide link level results of the benefit of 256 QAM, in accordance with the agreed simulation assumptions [2]. First we analyze the impact of Tx side EVM (without Rx side EVM) on the performance of 256QAM vs. the performance when at most 64QAM is utilized, see Figure 1.
Observations:

· It is observed that for SNRs > 30dB, 256QAM can provide a 5-10 % gain over 64QAM, if the Tx EVM is below 4%

· For EVM 
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 6%, the performance advantage of 256QAM over 64QAM is negligible.

· The performance of 256QAM is highly sensitive to the Tx EVM.
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Figure 1 Performance of 256QAM (peak) vs. 64QAM (peak) for different Tx EVM values
However, to benefit from 256QAM highly linear receiver implementations with high resolution are also essential. We therefore evaluated the performance of 256QAM vs. 64QAM as for various Rx side EVM values (for fixed Tx EVM at 4%), see Figure 2.

Observation:

· The performance of 256 QAM is sensitive to Rx EVM, and for Rx EVM>2%, the performance gain of 256QAM is negligible
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Figure 2 Performance of 256QAM (peak) vs. 64QAM (peak) for different Rx EVM values 
2.2. Geometry and SINR analysis

Here we provide an evaluation of the CDF of the Hotzone UEs in Scenario 2b. In Figure 3, we show the CDFs for the dense and sparse scenarios. As expected, the SINRs are greatly affected by the resource utilization operating point. 
[image: image6.emf]-10 0 10 20 30 40 50 60 70 80

0

10

20

30

40

50

60

70

80

90

100

cdf

2RBS in 1 floor, 24dBm tx power

SINR,dB

 

 

RU 10%

RU 25%

RU 50%

RU 75%

[image: image7.emf]-10 0 10 20 30 40 50 60 70 80

0

10

20

30

40

50

60

70

80

90

100

cdf

4RBS in 1 floor, 24dBm tx power

SINR,dB

 

 

RU 10%

RU 25%

RU 50%

RU 75%



(a)  Sparse
(b) Dense
Figure 3 CDF of SINR for hotzone UEs in Scenario 2b (macro layer not accounted for) 
It is observed that for a 50% resource utilization approximately 30% (55%) of the UEs has an SINR in excess of 30dB for the dense (sparse) scenario. As previously observed, in this SINR range 256QAM can provide a 5-10% gain with Tx and Rx EVM or 4% and 2%, respectively.

Observations:

· For Scenario 2b, approximately 30% of the hotzone UEs experiences SINRs in ranges where 256 QAM provides gains

· Assuming 50% resource utilization, and Rx EVM or 4% and 2%, respectively

· For Scenario 2b sparse, the corresponding fraction of the UEs is 55%.

· The fraction of UEs that benefit increases substantially for decreasing resource utilizations

Note, however that these preliminary result do not account for the impact of CRS interference which is unaffected by a decreasing resource utilization.

Based on these observations we propose the following:

Proposal:

· Consider 256QAM further, in particular further study is needed to assess the performance in the presence of CRS interference
3. Conclusions
Herein we analyzed the performance of 256 on link level and evaluated the probability for SINR ranges where 256QAM performs gains in Scenario 2b. 
Observations:

· It is observed that for SNRs > 30dB, 256QAM can provide a 5-10 % gain over 64QAM, if the Tx EVM is below 4%

· For EVM 
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 6%, the performance advantage of 256QAM over 64QAM is negligible.

· The performance of 256QAM is highly sensitive to the Tx EVM.

· The performance of 256 QAM is sensitive to Rx EVM, and for Rx EVM>2%, the performance gain of 256QAM is negligible
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· Assuming 50% resource utilization, and Rx EVM or 4% and 2%, respectively

· For Scenario 2b sparse, the corresponding fraction of the UEs is 55%.

· The fraction of UEs that benefit increases substantially for decreasing resource utilizations

Proposal:

· Consider 256QAM further, in particular further study is needed to assess the performance in the presence of CRS interference
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