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1. Introduction

In RAN1#84b, it was agreed to study enhanced massive MIMO analog/digital/hybrid beam-forming for NR. In RAN1#85, NR MIMO issues to study have been identified and agreed related to beam management, beamforming procedures, CSI acquisition, DL/UL MIMO schemes, etc. In this contribution, we share our view on NR MIMO design principles.
2. View on analog/digital/hybrid beamforming
One of the distinguished features in NR is the consideration of analog beamforming in addition to digital beamforming. In principle, unified framework for CSI acquisition is desirable for analog/digital/hybrid beamforming. To this end, a common CSI acquisition framework can be designed whether NB or UE implements analog beamforming, hybrid beamforming or digital beamforming. In principle, beam selection based operations can commonly be applied regardless of beamforming implementations. In addition, combinations of multiple beam selection operations can also be considered for controlling RS and feedback overhead. For example, subsequent two beam selection operations can be carried out; one for coarse beam selection and the other for fine beam selection. First and second beam selection could correspond to either analog beam or digital beam, respectively.
Proposal 1: Consider beam selection based operations as a baseline CSI acquisition method for NR MIMO.

Regarding hybrid beamforming, there can be many different TXRU-to-antenna mapping assumptions in practice. The main benefit of hybrid beamforming compared with digital beamforming is the ease of implementation. Therefore, simple TXRU mapping assumption seems to be more desirable. Accordingly, subarray mapping shown in Figure 1 can be considered as a baseline structure where a subarray can be mapped to a panel array or a subarray within a panel array. For UE implementations, subarray mapping with RF switching can also be considered for low cost implementation. 
Proposal 2: Consider subarray mapping structure as a baseline for hybrid beamforming
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Figure 1: Subarray mapping structure for hybrid beamforming
3. View on reference signals for NR MIMO
In LTE MIMO, both non-precoded RS based transmission (non-transparent beamforming) and precoded RS based transmission (transparent beamforming) are supported. In NR, precoded RS(DM-RS) based transmission is desirable for both DL and UL by taking MIMO precoding flexibility and RS overhead into account. Especially at high frequency bands, achievable transmission rank would be much smaller than the number of antennas or TXRUs due to lack of dominant rays so that precoded RS based transmission can save RS overhead a lot.
Proposal 3: Precoded RS(DM-RS) based transmission should be a baseline in NR.

Regarding the maximum number of DL/UL layers, it is desirable to support more than them of LTE-A. Accordingly, 8 layers for DL and 4 layers for UL can be a baseline. In most channel environments and antenna configurations, higher layer than them is hardly achievable due to the lack of UE antennas/TXRUs and channel characteristics especially at high frequency bands (i.e. small number of dominant rays). However, we may consider increasing the maximum layers for the forward compatible design (e.g. 16 layers for DL and 8 layers for UL). 

Proposal 4: Consider up to 8 layer transmission for DL SU-MIMO and 4 layer transmission for UL SU-MIMO as baseline.
With regard to measurement RS (CSI-RS and SRS in LTE-A), both beamformed and non-beamformed RS design can be considered in NR. In order to alleviate the coverage issue at high frequency bands, beamformed RS seems to be more profitable for NR. In addition, beamformed RS transmission can accommodate various antenna configurations including number of antennas and TXRUs. Thus, it is desirable in terms of future-proof design of NR. Also, aperiodic RS transmission, i.e., transmission of RS only when necessary, seems to meet the forward compatible and flexible design principle in NR than periodic RS transmission. For long-term channel estimation, if needed, multiple RSs can be transmitted subsequently by a single or subsequent triggering within the aperiodic RS transmission principle. QCL with other RS can also be considered if the measurement is insufficient. 
Proposal 5: Beamformed RS for CSI measurement should be a baseline assumption.

Proposal 6: Aperiodic RS transmission should be supported for CSI measurement.

Regarding number of RS ports for CSI measurement, it seems reasonable to refer LTE eFD-MIMO. For non-precoded CSI-RS, if supported in NR, 32 antenna ports can be considered at the least. For beamformed CSI-RS, 8 antenna ports can be considered as the minimum. 
In order to design RSs, minimum number of TXUs at NB and UE should be taken into account. It is because the allowed maximum number of FDMed analog beams is limited by the number of TXUs. The minimum number of TXUs for UE can be one or two regarding low cost UEs. For NB, NB vendors’ input might be needed.
Proposal 7: For RS design in NR, minimum number of TXRUs at UE side should be one or two. 

4. View on MIMO techniques for NR
In NR, various transmission techniques including SU-MIMO, MU-MIMO, and CoMP should be supported as LTE does. In LTE, many different transmission modes have been specified for supporting different MIMO techniques. In NR, minimizing the number of transmission modes is desirable. For example, LTE TM-10 can support diverse MIMO techniques. In NR, we should strive for designing a single transmission mode supporting diverse MIMO techniques including SU-MIMO, MU-MIMO, and CoMP.
Among different MIMO techniques, (semi-)OL MIMO and beam/TRP coordination techniques should be stressed and supported in NR. Since NR considers up to thousands of antennas, very sharp beamforming is possible which is highly beneficial in terms of both link and system performances when the beam is accurately controlled. In reality, however, imperfect channel estimation from limited feedback or pilot contamination can obstruct the beam control. Channel aging problem caused mainly by movements of UE or obstacles around the UE can disturb the beam control as well. The problem is that the impact of wrong beamforming can cause a significant increase of interference to other UE/TRP as well as significant SNR drop as the beamwidth is narrowed. The problem can worsen when UE applies beamforming and the UE rotates, where the impact of UE rotation is analysed in our companion contribution [1]. Accordingly, (semi-)OL MIMO technique is essential to provide more robust communications to mobile UEs. Compared with OL MIMO, semi-OL MIMO can take an advantage of moderate beamforming gain by utilizing long-term channel information, UE location/speed, etc. Accordingly, it could alleviate the coverage issue at high frequency bands. Beam/TRP coordination is also essential to avoid flashlight interferences. When it comes to multi-panel based implementations, coordination among beams from each panel should be controlled accurately to avoid intra-TRP inter-beam interference. 
Proposal 8: Semi-OL MIMO and beam/TRP coordination techniques should be supported in NR.
5. UE antenna considerations for NR
In NR, various types of UE should be taken into account. For example, UE mobility aspects are extremely diverse from very high speed and highly rotatable UEs(e.g. handset) to no speed and unlikely rotatable UEs(e.g. factory machines). Regarding UE form factor, NR should cover from very small UEs (e.g. wearable devices) to huge UEs (e.g. vehicles, factory machines). Especially, vehicle is an important type of UE in NR. eMBB use case for vehicle is as important as URLLC for car infotainment services. Since a vehicle can have multiple displays (e.g. per seat), throughput requirement can be very challenging in the near future. Most infotainment services requires high DL data rate, however, high UL data rate is required in some other use cases such as remote driving. From antenna perspective, various antenna configurations can be considered for the vehicles, which include distributed antennas where each antenna or antenna group are located far apart for higher reliability. In that case, the antenna distance could be more than one meter. 
As mentioned above, UE rotation can incur unstable link quality when UE has directive antenna or antenna array. Though we have agreed to use panel array model based on directive antennas for above 6GHz NR evaluations, omni directional antenna(s) can be more profitable to highly rotatable UE in reality. Though coverage issue still remains, the omni antenna can be beneficial in some cases. If above 6GHz bands are used for complementary purpose only (i.e. non-standalone), for example, providing robustness by sacrificing coverage can be a better choice because connectivity can be provided by below 6GHz NR or LTE. 
Proposal 9: Various UE antenna configurations should be considered in NR including distributed antennas for large devices and omni directional antenna for above 6GHz mobile devices.
6. Conclusion
In this contribution, we shared our view on NR MIMO design principles. The proposals are listed as follows:

Proposal 1: Consider beam selection based operations as a baseline CSI acquisition method for NR MIMO.
Proposal 2: Consider subarray mapping structure as a baseline for hybrid beamforming
Proposal 3: Precoded RS(DM-RS) based transmission should be a baseline in NR.

Proposal 4: Consider up to 8 layer transmission for DL SU-MIMO and 4 layer transmission for UL SU-MIMO as baseline.
Proposal 5: Beamformed RS for CSI measurement should be a baseline assumption.

Proposal 6: Aperiodic RS transmission should be supported for CSI measurement.

Proposal 7: For RS design in NR, minimum number of TXRUs at UE should be one or two. 

Proposal 8: Semi-OL MIMO and beam/TRP coordination techniques should be supported in NR.
Proposal 9: Various UE antenna configurations should be considered in NR including distributed antennas for large devices and omni directional antenna for above 6GHz mobile devices.
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