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1. Overall Description:

RAN4 thanks RAN1 for their LS in R1-130799 where RAN1 asks RAN4 guidance on the following points, particularly in relation to 256QAM in the LTE downlink:
· Practically achievable EVM values to assume for DL higher order modulation (for each of the small cell eNB Tx powers in TR 36.814 i.e. 20dBm, 24dBm, 30dBm, 37dBm) 
· The UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries that are likely to be relevant for DL higher order modulation, and appropriate techniques or methodologies for modelling such impairments
· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells 
RAN4 has the following feedback concluded from relevant discussions and investigations:

· For Tx EVM,

· Transmitter EVM for 256QAM should be modelled as an AWGN noise. The EVM modelling is provided in the text proposal below.

· Focus on 20dBm and 24dBm BSs only. RAN1 shall assume a Tx EVM of 4% for further 256QAM DL feasibility discussion.
· The achievable Tx EVM with current design is 8%. 4% Tx EVM for 20dBm and 24dBm BSs need to be achieved with power back-off and relaxed clipping, on cost of converging, price and size. RAN4 has not studied the system performance impact of 4% EVM.
· For Rx EVM,

· All the RX impairments should be modelled by an equivalent AWGN noise component at the receiver. EVM modelling is provided in the text proposal below.
· RAN1 to assume an RX EVM of 4% for further 256QAM DL investigations.

· The achievable Rx EVM is 25dB when the RAN4 minimum requirement for UE image rejection ratio is considered. For the UE to achieve the RX EVM of 4%, an IMRR better than 28dB will be required (taking into account other non-idealities). Some terminal implementations will be able to provide this good receiver implementation but most likely not all and consequently the UE capability to support 256QAM feature depends for example on operating band frequency.
2. Actions:

RAN4 kindly asks RAN1 to take into account the above information in conclusion for the DL 256QAM feasibility and adopt the attached text proposal to TR36.872. 
3. Date of Next TSG RAN WG4 Meeting:

TSG RAN WG4 Meeting #68bis
7 – 11 October,
Riga, Latvia
TSG RAN WG4 Meeting #69
11 – 15 November, San Francisco, US
------------------------------------
Text Proposal to TR36.872 annex A 3
<Append to the current content with:>

Adopting the EVM model provided in [x], the EVM modelling which shows the Tx impairments and Rx impairments should be as follows. The transmitter EVM is relevant with the part in red rectangle only and the receiver EVM is relevant with the part in blue rectangle only.
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As in [x], the noise variance of the modelled Tx EVM on each antenna will be defined relative to the power on each antenna according to: 
For single Tx antenna: 
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For multiple Tx antenna: 
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Where 
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 is the AWGN noise variance which is the Tx impairments added at the transmitter, and 
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I

is the total transmit power spectral density (integrated in a bandwidth corresponding to the transmission bandwidth configuration) of the downlink signal, as measured at the eNodeB antenna connector.   

The SNR on Tx, according to (3), when just meeting the EVM evaluated, should be 24.4dB for EVM of 6% or 28dB for EVM of 4%. 

The noise variances of the interference sources and the Rx impairments at the receiver are given by:

For single Rx antenna:
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For multiple Rx antennas:
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(10) 
RAN4 conclude to focus on 20dBm and 24dBm BSs only. RAN1 shall assume a Tx EVM of 4% and a RX EVM of 4% for further 256QAM DL feasibility discussion. 
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