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1. Introduction

The RAN WG1 is currently conducting assessment of the feasibility of introduction of 1024 QAM for LTE DL in the scope of the WI on the Enhancements for high capacity stationary wireless links. In order to make analysis of the 1024QAM performance proper assumptions on the TX/RX RF impairments need to be used and RAN1 sent LS to RAN4 to clarify the corresponding assumptions [1]:
	1. Overall Description:
RAN1 is discussing and evaluating the benefits of introducing 1024QAM for PDSCH.

RAN1 is evaluating 1024QAM with various Rx EVM values including 1%. RAN1 would like to ask RAN4 what Rx EVM range RAN1 should consider for further evaluations.

RAN1 would also like to ask RAN4 what Tx EVM range RAN1 should consider for further evaluations.

2. Actions:

To RAN4:

RAN1 respectfully asks RAN4 to provide the information requested above. RAN1 would welcome early feedback on the Rx EVM range or Tx EVM range, if available.


In this contribution we provide our view on the feasible RX EVM levels.
2. Discussion
2.1 Background

The question of TX/RX RF impairment was already discussed in RAN4 in the scope of 256QAM and the following information was previously provided to RAN1 [2-3]:
	R4-132019 [2]

RAN4 would like to thank RAN1 on the LS in R1-130799 entitled: “LS on Higher Order Modulation Evaluation Assumptions“. Please see below RAN4 (preliminary) responses to the guidance requested: 

Question: 
· 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). 

Answer:

· EVM value depends on several contributing factors from implementation point of view. Based on some inputs for discussion, RAN4 noted improved EVM values compared to existing requirement of 8% can be achieved for low power BS. Further discussions are needed in RAN4 to determine the EVM values. 

Question: 
· 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.

Answer: 

· The following RX impairments are mentioned in RAN4 discussions

· 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.
Question: 
· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells.

Answer:

· Further discussions are needed in RAN4


	R4-134571 [3]
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 observations concluded from relevant discussions and investigations:

· For Tx EVM,

· Transmitter EVM for 256QAM can be modelled 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 modelled 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. 


2.2 Views on RX EVM

The existing mobile terminals with the support of 256QAM modulations in the DL are expected to have the RX EVM in the range from 2% to 4%. Introduction of the 1024QAM modulation in the DL may have significant impact on the UE receiver design since the RX EVM performance has to be much better in order to achieve higher SNR. The impact is very much similar to going from 64QAM to 256QAM which is discussed in [4]. In particular, the RX EVM should be improved by approximately 6dB. In a typical receiver, the RF design is usually optimized in a way to achieve certain level of RX EVM, so that it fulfils the requirements at the lowest cost, chip area and power consumption. Further tightening of RX SNR will result in tightening the designs of almost all RX RF blocks. In the RF circuits the EVM improvement would require in most cases higher power consumption, chip area and hence overall chipset cost. In the baseband, support of 1024QAM may impact the R-ML receiver design and affect the chip area and the power consumption. 
In our understanding further tightening of the RX EVM (e.g. to 1.2% - 1.5%) in general may be feasible from the implementation perspective. Meantime, the RX EVM reduction leads to increased power consumption, area size and cost. Such impacts in overall can be acceptable for certain type of devices with external power supply such as CPEs. Meantime, using lower RX EVM values for the mobile terminals such as smartphones and tablets may have impact on power consumptions and should be properly justified.
Proposal #1:
Provide the following information to RAN1 on RX EVM for 1024QAM
· The typical RX EVM for the mobile terminals is in the range from 2% to 4%

· Further RX EVM reduction may be feasible but may result in the increased power consumption, chip are size, cost and the related enhancements could be potentially applicable to the CPE device types and not recommended for the mobile terminals
3. Conclusions

In this contribution we provided our views on the RX EVM assumptions to be used for 1024QAM and in summary make the following proposal:
Proposal #1:
Provide the following information to RAN1 on RX EVM for 1024QAM
· The typical RX EVM for the mobile terminals is in the range from 2% to 4%

· Further RX EVM reduction may be feasible but may result in the increased power consumption, chip are size, cost and the related enhancements could be potentially applicable to the CPE device types and not recommended for the mobile terminals
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