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1. Introduction
256QAM is considered as one candidate enhancement to improve the peak rate performance in small cell deployments. In RAN1 #72, it was concluded that the performance of 256QAM to a great extent depends on the linearity of the transmitter and receiver chains. Hence, RAN1 has sent LS to RAN4 seeking guidance on determining practically achievable Tx EVM values, and receiver impairment models that may limit the performance in high geometry scenarios. Meanwhile, studies on 256QAM have been performed in RAN1 and preliminary performance evaluations taking factors such as Rx and Tx EVM into account were discussed in RAN1 #73 and results were summarized in [1]. The results were considered to be preliminary, as there was no reply from RAN4 on practically achievable EVM values at that time.

In RAN #61, 256QAM was considered as one of a few open issues in Small Cell study item, and it was agreed that RAN1 should conduct further study on 256QAM, based on RAN4 reply LS with below observations:

· 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 this contribution, we provide further discussion on the performance of 256QAM in small cell scenarios, taking into account the above feedback from RAN4.

2. Discussion

EVM effectively acts as an interference floor regardless of the SINR of the radio environment, and hence becomes the primary limiting aspects of high order modulation. 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 give room for implementation margins. Hence, the interesting EVM values given by RAN4 are then the values in the higher range.

Observation:
· The guaranteed minimum performance EVM will most likely be either higher or in the upper range of the indicated values ranges for Rx and Tx EVM. 

For TX EVM, 3-4% can be achieved for small cells with low transmission power such as 20dBm and 24dBm, with power back-off and/or relaxed clipping. By assuming TX EVM of 3% and 4%, the SINR values are limited to 30dB and 28dB respectively according to below calculations:
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In another word, 30dB is the maximum SINR value that a UE can experience when assuming 3% TX EVM, perfect channel condition and no receiver impairments. And 28dB is the maximum SINR when assuming 4% TX EVM. The RX EVM is expected to further degrade the SINR at UE. Hence the real SINR that a UE experiences is expected to be even lower due to channel distortion and receiver impairments in practice. In addition, based on RAN4 LS reply, the above EVM value is achieved by inserting certain power back-off and/or relaxed clipping. It is further noted that the RAN4 LS did not 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 which will in the end not represent the real performance given by 256QAM. This is because of the fact that, with certain PA power back-off, the SINR is expected to be even lower due to low eNB transmission power. It is summarized in [1] that the minimum SINR for which a gain is observed is around 25dB~30dB. With above preliminary analysis, it is uncertain that 256QAM will provide promising gain with EVM values from RAN4 feedback.

Based on above discussion, it would be necessary for RAN1 to conduct further system level evaluation on 256QAM with RAN4 feedback to study the practical gain of 256QAM, taking into consideration of PA power back-off. Hence, RAN1 needs to agree on additional simulation assumptions for 256QAM evaluation, such as the scenarios, PA power back-off values, and so on. Small cell scenario 2a and 2b sparse can be considered as good candidates for system evaluation study to cover both indoor and ourdoor scenarios. The PA power back-off, however, is not clear to RAN1 how many dB back-off can be done at eNB to achieve TX EVM of 3-4%. Therefore, further guidance from RAN4 on proper PA power back-off values for achieving TX EVM of 3-4% is needed.

 Proposal:

· RAN1 should perform simulation on system level with RAN4 EVM answers to evaluate the practically achievable gain of 256QAM. The simulation assumptions such as scenarios and PA power back-off values should be discussed and agreed.
· Send LS to RAN4 asking for further guidance on proper PA power back-off values for achieving TX EVM of 3-4%.
· Send LS to RAN4 asking for further guidance on minimum guaranteed performance with respect to different Tx and Rx EVM values.
3. Conclusions
Herein we discussed the performance of 256QAM taking into consideration of RAN4 LS feedback on EVM values. Based on the discussion, below 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 values ranges for Rx and Tx EVM. 

Proposal:

· RAN1 should perform simulation on system level with RAN4 EVM answers to evaluate the practically achievable gain of 256QAM. The simulation assumptions such as scenarios and PA power back-off values should be discussed and agreed.
· Send LS to RAN4 asking for further guidance on proper PA power back-off values for achieving TX EVM of 3-4%.
· Send LS to RAN4 asking for further guidance on minimum guaranteed performance with respect to different Tx and Rx EVM values.
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