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Discussion and Decision
1 
Introduction
RAN plenary agreed a new WID [1] on high capacity stationary wireless link. According to the WID the work on 1024QAM starts with a study phase. During the study phase feasibility and performance benefit of 1024QAM on DL channels should be documented to a new TR. 

In this contribution, we discuss the issues that should be taken into account in the study of 1024QAM for DL in the fixed wireless access scenario. 
2 
Discussion
In the WID the study part of the work is described in the following way:

· Study the feasibility and performance benefit, and if justified, specify support for 1024QAM for DL channels [RAN1, RAN4]

· Document the study result of feasibility and benefit in a TR
Our understanding of the objective is that 1024QAM study is intended for PDSCH channel and potential enhancements to the other DL channels are not in the scope of this work item.

Proposal 1: 1024QAM study should focus on PDSCH channel. Other DL channels are not in the scope of this work item.
DL higher order modulation was studied in Rel-12 when 256QAM as one of the small cell enhancements was introduced. The same issues that were studied then need to be considered also with 1024QAM. The requirements for the quality of the transmitted signal and receiver impairments are now even more stringent.

EVM of the transmitter

TX EVM has big impact on the feasibility of the 1024QAM. For example, in [2] dependency between TX EVM and achievable throughput was simulated. In 256QAM studies it was found that realistic eNB TX EVM modelling assumptions are essential when studying the feasibility of introducing higher order modulation. Similar simulation for 1024QAM would be very useful.
UE RX impairments
When 256QAM was studied impact of RX impairments was also considered e.g. in [2] and it was found that practical assumptions on IQ imbalance, phase noise, AGC and limited ADC bit-length, as well as practical time-frequency tracking can deteriorate the performance significantly. Trade-off between achievable performance and UE RX impairments should be studied also in the case of 1024QAM.
For RAN1 to study the performance gains by introducing higher order DL modulation, appropriate quantitative modeling of different noise and interference sources will be essential. We therefore suggest to request input from RAN4 on the reasonable quantitative impairment modeling at the eNB transmitter (e.g. EVM) as well as UE receiver (e.g. noise figure). This kind of LS [3] was sent also when 256QAM was studied 4 years ago. It is likely that slightly better values can now be achieved with reasonable implementations. The focus in the 256QAM study was in small cells but this time also macro cells could be considered. The other issue that is studied in this work item is DM-RS overhead reduction for rank 3/4 transmissions in TM 9/10. Earlier studies on DM-RS overhead reduction e.g. in TR36.872 show that also DM-RS overhead reduction requires high SNR and TX/RX impairments including EVM are important factors when studying potential gains.
Proposal 2: RAN1 to send RAN4 an LS to ask for suitable eNB transmitter and UE receiver impairment parameters, e.g. eNB TX EVM and UE noise figure, which have an impact on the achievable DL peak-data-rate increase when 1024QAM or DM-RS overhead reduction with rank 3/4 in TM 9/10 is introduced.
The WID discusses different scenarios where 1024QAM could be used. In very favorable case fixed rooftop antenna with the position selected so that line-of-sight channel to eNB is available, may be assumed. On the other hand, WID seems to suggest that in some low speed (pedestrian) use cases 1024QAM could be possible. More detailed study on scenarios where 1024QAM could be used, should be made. 
In initial performance evaluations provided to 3GPP RAN to motivate the RAN WG studies such as in [4], the potential benefit of 1024QAM over 256QAM was only evaluated assuming single layer (i.e. rank1) transmission and reception. Clearly, as multiple TX and RX antennas are needed for high capacity stations such as CPE the evaluations on the feasibility should not be limited to single layer transmission but should include higher order SU-MIMO operation. The benefits of 1024QAM should also be visible for higher order MIMO so that the introduction of 1024QAM PDSCH makes sense.

Proposal 3: The RAN1 studies on 1024QAM PDSCH are to take realistic eNB transmitter and UE receiver impairments into account and include higher-order SU-MIMO operation. 
3 
Conclusions

In this contribution, we have discussed issues related to 1024QAM transmission. We have the following proposals:
Proposal 1: 1024QAM study should focus on PDSCH channel. Other DL channels are not in the scope of this work item.
Proposal 2: RAN1 to send RAN4 an LS to ask for suitable eNB transmitter and UE receiver impairment parameters, e.g. eNB TX EVM and UE noise figure, which have an impact on the achievable DL peak-data-rate increase when 1024QAM or DM-RS overhead reduction with rank 3/4 in TM 9/10 is introduced.
Proposal 3: The RAN1 studies on 1024QAM PDSCH are to take realistic eNB transmitter and UE receiver impairments into account and include higher-order SU-MIMO operation. 
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