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1. Introduction
In RAN4 #72, there was discussion regarding UE capability for 256QAM but no agreement was reached. In this contribution, we provide discussion for several issues related to determination of 256QAM UE capability. 
2. Discussion
In order to guarantee capacity gain via 256QAM, UE needs to implement RF receiver with good Rx EVM performance. For 256QAM, RAN4 agreed to introduce only maximum input level requirement. Some companies argued that UE should be able to support 256QAM in band agnostic way since maximum input level requirement is band agnostic [1][2]. However, it should be noted that maximum input level test is defined in static channel with TM1. Even with 256QAM MCS, Rx EVM requirement to pass maximum input level test would be around 18dB Rx EVM. On the other hand, meaningful capacity gain for 256QAM is supposed to be achievable when UE can provide Rx EVM higher than 25dB. Figure 1 shows PDSCH demodulation performance for TM4 rank 2, which is considered as 256QAM PDSCH demodulation test in RRM session. It can be observed that reliable demodulation of 256QAM MCS requires CINR higher than 25dB. 
Observation 1. Rx EVM performance guaranteed by maximum input level test is not sufficient to guarantee realistic 256QAM operation in the network.
Achieving good Rx EVM in UE may incur implementation cost both in design and manufacturing stage. It is well known that achieving good phase noise and IQ imbalance performance is more challenging in high band than in low band. Usually, OEMs rely on factory calibration to achieve good RF performance on different bands over wide temperature range. Support of 256QAM would require higher factory calibration time/cost, which also needs to be considered. Mandating band agnostic support for 256QAM could delay introduction of 256QAM in commercial devices or unnecessarily introduce manufacturing cost of OEM vendors. 
We would like to point out that 256QAM will be introduced gradually into network as small cells get deployed instead of being introduced in all network at the same time. Tighter Tx EVM requirement to support 256QAM will make it hard for high power macro eNB to adopt 256QAM in the near future if not impossible. It is more likely that 256QAM is enabled in low/medium power small cells in selective bands according to market needs evolution. Thus, for quite long time, UE will encounter LTE network wherein 256QAM is enabled selectively in small cells. 

Observation 2. 256QAM will be introduced into LTE network in a phased way from low/medium power small cells. 
Another aspect we need to consider is 256QAM support in combination with CA. It is obvious that network would not turn on 256QAM in all CCs in the near future. If 256QAM feature is defined per UE, UE has to support 256QAM for all CCs simultaneously, i.e., UE has to implement 256QAM for all CCs to declare 256QAM support. 256QAM support would require higher bit resolution receiver processing from ADC to LLR generation including large memory foot print. Considering that, in Rel-12 time frame, 3 DL or even 4 DL CA UE would be common, it would incur sizable increase in implementation cost on UE. However, UE receiver hardware to demodulate 256QAM in all CCs would not be fully utilized since network is unlikely to enable 256QAM in all CCs. 
Observation 3. Per-UE 256QAM capability would require UE to implement 256QAM receiver in all CCs. 

Proposal 2. Define 256QAM capability per band and per bandwidth combination. 
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Figure 1. PDSCH demodulation performance for TM4 dual layer
3. Conclusions

In this contribution, we provided brief discussion on the need for per-band per-bandwidth combination 256QAM capability. Our observations and proposals are
Observation 1. Rx EVM performance guaranteed by maximum input level test is not sufficient to guarantee realistic 256QAM operation in the network.

Observation 2. 256QAM will be introduced into LTE network in a phased way from low/medium power small cells. 

Observation 3. Per-UE 256QAM capability would require UE to implement 256QAM receiver in all CCs. 

Proposal 2. Define 256QAM capability per band and per bandwidth combination. 
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