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1. Introduction

256QAM is considered as one candidate enhancement to improve the peak rate performance in small cell deployments. RAN1 has sent LS to RAN4 seeking guidance on determining practically achievable TX EVM values and RX impairments that limit the performance of 256QAM. The RAN4 LS reply is copied below:
· For Tx EVM,

· Transmitter EVM for 256QAM can be modeled 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 modeled 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. 
In RAN1#74bis, some further evaluations taking account of RAN4 feedback on EVM values have been discussed. However, there is no study performed taking into full consideration the RAN4 LS reply. Specifically, there is no study on the practical gains of 256QAM considering power back-off and/or relaxed clipping, which is the prerequisite to potentially achieve above EVM values. In this contribution, we provide further discussion on the performance of 256QAM in small cell scenarios, taking the RAN4 LS feedback into full consideration.
2. Discussion

2.1. EVM
EVM effectively acts as an interference floor regardless of the SINR of the radio environment, and hence becomes the primary limiting aspect of high order modulations. According to RAN4 feedback, low power eNB may achieve a TX EVM of 3-4%, and the UE may achieve RX EVM in the range of 1.5-4%. It is further noticeable that RAN4 did not conclude on a guaranteed minimum performance due to EVM on either TX or RX side. Most likely such requirements would in the end be larger than the largest given EVM value from RAN4 to leave room for implementation margins. Hence, the EVM values of interest given by RAN4 are the values in the higher range, and the evaluations based on such assumptions should be done. 
Observation:
· The guaranteed minimum performance EVM will most likely be either higher or in the upper range of the indicated value ranges for Rx and Tx EVM. 
Proposal: 

· The EVM values of interest given by RAN4 are the values in the higher range, and evaluations should be performed based on such assumptions.

2.2. Power back-off and relaxed clipping
According to RAN4 LS reply, the given EVM values may be achieved by certain power back-off and/or relaxed clipping. Baseband clipping is generally used on the OFDM signal to limit the amplitude of the signal that is fed to the RF front end. The clipped signal is later fed to a predistorter and a high power amplifier. It is desirable to put the clipped signal in the linear region of the predistorter and amplifier to avoid further nonlinear distortion. Therefore power back-off is needed to guarantee that the clipped signal falls in the linear region of the predistorter+HPA.
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Figure 1: Baseband clipping and PA
To reduce the EVM, a more relaxed baseband clipping can be used so that a smaller part of the signal is clipped. However sufficient back-off corresponding to the relaxed clipping must also be taken at the PA, otherwise a large part of the signal will go through nonlinear region of predistorter and HPA. Therefore, relaxed baseband clipping without extra back-off at the HPA will not result in reduced EVM. This means that considering the same baseline HPA, in order to achieve lower EVM, a larger back-off must be taken at the HPA and as a result the output power from the HPA will be lower. Therefore, reduced eNB TX power should be taken into account when studying the performance gain of 256QAM. It is noted that the RAN4 LS doesn’t give any specific guidance on the applicable power back-off and/or relaxed clipping. Hence, any evaluations performed assuming directly the maximum eNB transmission power should be viewed as optimistic results and will not be representative of real-life performance of 256QAM. This is because of the fact that, with certain power back-off, the SINR is expected to be lower due to low eNB TX power. 
Observation: 
· In order to lower the EVM, a more relaxed clipping must be done at the baseband.  Considering the same baseline RF front-end, this implies also a larger back-off at the PA and as a result lower output power.
Proposal: 

· Reduced eNB TX power should be taken into account when studying the performance gain of 256QAM.

It can be concluded from the above discussion that the baseband equivalent of the clipping, predistorter and HPA can be viewed as a simple clipping. Considering the envelope of the OFDM signal which has a Rayleigh distribution, in order to find the EVM corresponding to a certain clipping, it is enough to have the back-off in the clipping device. The amount of EVM is simply the tail of the Rayleigh probability density function.
2.3. Evaluation and discussion
Herein, we provide evaluation and discussion on 256QAM performance considering RAN4 feedback. 
In Figure 1, the CDF of SINR for scenario 2a and 2b is shown with different TX and RX EVM values. According to the observations in the TR [1], the minimum SINR for which a gain is observed is around 25dB~30dB. Therefore, it is very unlikely that the UE will benefit by using 256QAM in scenario 2a. This is mainly due to the high inter-cell interference in outdoor scenarios, which are not the 256QAM-friendly scenarios. With the densification of the small cells in the network, 256QAM will not provide any gains in these scenarios. On the other hand, for scenario 2b, a small portion of small cell UEs may achieve certain throughput gains by using 256QAM, depending on TX and RX EVM as shown in Figure 2 (b). It is also observed that the UE can hardly benefit from 256QAM when assuming TX EVM and RX EVM to be 4% based on RAN4 LS feedback. 
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Figure 2: Baseband clipping and PA
Further, we evaluate the impact of power back-off which is a prerequisite to achieve certain EVM values provided by RAN4 LS feedback. It is observed that the 90th percentile or 95th percentile of the SINR is the region which may provide benefit when using 256QAM. Therefore, we list the SINR values in Table 1 with different eNB TX power to see the impact of power back-off. We only consider scenario 2a sparse deployment, which may be the scenario to benefit from 256QAM. It is observed that the power back-off affects the SINR and is expected to degrade the system performance. It is also noted that power back-off affects the performance for both 256QAM capable UEs and legacy UEs. 
Table 1: 90th percentile and 95th percentile SINR in scenario 2a, 4 picos/cluster

	Scenario 2b sparse
	24dBm
	21dBm
	18dBm

	90th percentile
	18dB
	17.8dB
	17dB

	95th percentile
	21.3dB
	21.1dB
	20.5dB


Observation:
· The performance of 256QAM is very scenario dependent, i.e., 256QAM may result in performance gains only if it is used in scenarios with isolated cells and low TX/RX EVM values. 
· Power back-off degrades the performance for both 256QAM capable UEs and legacy UEs.
Herein, we provide system level evaluation on 256QAM for scenario 2a and scenario 2b to study the throughput gain. As stated above, the EVM values of interest given by RAN4 are the values in the higher range. Hence, we assume 4% RX and TX EVM in the evaluation. We take consideration of the impact of power back-off. The eNB output power without considering back-off is set to be 24dBm for both scenario 2a and scenario 2b, respectively. We evaluate different back-off values 3dB and 6dB, which result in an effective output power of 21dBm and 18dBm. The mean throughput gain is presented in Table 2 and Table 3. The baseline for comparison is the mean user throughput without 256QAM with 24dBm eNB TX power for both scenarios.
Table 2: Mean throughput gain in scenario 2a, 4 picos/cluster

	TX/RX EVM=4%/4%, RU=15%
	TX/RX EVM=4%/4%, RU=30%

	24dBm
	21dBm
	18dBm
	24dBm
	21dBm
	18dBm

	0%
	-3%
	-8%
	0%
	-7%
	-8%


Table 3: Mean throughput gain in scenario 2b, 4 picos/cluster

	TX/RX EVM=4%/4%, RU=15%
	TX/RX EVM=4%/4%, RU=35%

	24dBm
	21dBm
	18dBm
	24dBm
	21dBm
	18dBm

	5%
	5%
	5%
	6%
	5%
	5%


It can be observed that power back-off has a big impact on UE throughput in scenario 2a. Basically, there is no gain observed for scenario 2a with 4% TX EVM and 4% RX EVM assumed. When using a power back-off of 3dB and 6dB, there is a loss of -3% and -8% respectively for RU 15%. When the RU is increased to 30%, the loss becomes larger. In scenario 2b, on the other hand, there is a single digit gain observed, i.e., around 5%. The power back-off has trivial impact on the performance.
Observation:
· For scenario 2a, no mean user throughout gain can be observed with TX EVM 4% and RX EVM 4%. There is a loss when using power back-off.
· For scenario 2b, around 5% mean user throughput gain can be observed with TX EVM 4% and RX EVM 4%. The impact of power back-off is trivial.

3. Conclusions
Herein we discussed the performance of 256QAM taking into consideration of RAN4 LS. Based on the discussion, the following observations and proposals are made:

Observation:

· The guaranteed minimum performance EVM will most likely be either higher or in the upper range of the indicated value ranges for Rx and Tx EVM. 
· In order to lower the EVM, a more relaxed clipping must be done at the baseband.  Considering the same baseline RF front-end, this implies also a larger back-off at the PA and as a result lower output power.
· The performance of 256QAM is very scenario dependent, i.e., 256QAM may result in performance gains only if it is used in scenarios with isolated cells and low TX/RX EVM values. 

· Power back-off degrades the performance for both 256QAM capable UEs and legacy UEs.

· For scenario 2a, no mean user throughout gain can be observed with TX EVM 4% and RX EVM 4%. There is a loss when using power back-off.
· For scenario 2b, around 5% mean user throughput gain can be observed with TX EVM 4% and RX EVM 4%. The impact of power back-off is trivial.
Proposal: 

· The EVM values of interest given by RAN4 are the values in the higher range, and evaluations should be performed based on such assumptions.

· Reduced eNB TX power should be taken into account when studying the performance gain of 256QAM.
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