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Introduction
In this contribution we discuss multiple antenna operation aspects for NR at lower carrier frequencies, below 6 GHz. 
Discussion
Below 6 GHz, the whole or part of 3.4-4.2 GHz frequency range is a potential (globally) band for NR deployments. Additionally, the 4.8-4.99 GHz frequency band is being considered in Asia.  
The current regulatory framework [1], states that 3.4-3.6 GHz can be used for either FDD or TDD while 3.6 – 3.8 GHz is only for TDD.
Some of the spectrum for NR below 6 GHz can be used for FDD as well as TDD
This observation implies that NR MIMO must be prepared to perform well in both FDD and TDD deployments. This insight is of importance for multi-antenna features, since MIMO performance heavily depends on the knowledge of channel at the transmitter side, for high performance. For FDD, the utilization of channel reciprocity does not bring the same benefits as for TDD due to the duplex distance. 
For frequencies below 6 GHz, is it likely that the implementation is all-digital, hence there is full freedom to control the phase of each antenna subarray in the antenna. This allows for very advanced, channel dependent precoding, which can improve the performance of MU-MIMO significantly. However, it relies on adequate channel knowledge at the transmitter. 
MIMO operation below 6 GHz likely use a “digital” implementation need and allows for advanced channel dependent precoding using a massive number of antennas
For FDD and for the cases the channel reciprocity cannot be utilized in TDD (simplified calibration, partial channel reciprocity, lack of UL in some TDD carriers etc.), closed loop operation is needed. Additionally, using reciprocity requires dense UL SRS transmissions leading to large overhead to serve a large number of UEs. 
At frequencies below 6 GHz, with an all-digital antenna array and a massive number of steerable antenna elements, there are then three typical approaches for CSI acquisition:
· Non-precoded CSI-RS
· Efficient for a few to a larger number of BS antennas 
· Very efficient for a massive number of UEs, also in the case of a large number of BS antennas
· FDD and TDD
· Precoded CSI-RS
· Arbitrary antenna layouts and number of TRXUs
· Overhead proportional to the number of UEs
· FDD and TDD
· Reciprocity based 
· For a large number of BS antennas 
· For  simultaneously scheduled UEs (MU-MIMO)Overhead proportional to the number of UEs
· TDD (instantaneous) and FDD (long term)
These three methods are complementary and depends not only on the size of the antenna at the BS but also on the actual traffic as well as the number of UE antennas. It is notable that they all can be used in FDD as well as TDD. The CSI-RS based methods can further be divided into “normal” and “advanced”, where advanced CSI feedback methods would benefit MU-MIMO performance the most but for many TXRUs, also SU-MIMO would benefit as the beamwidth becomes smaller than the angular spread of the channel. 
Finally, we note that the three methods above are not just complementary, they also enable powerful techniques by being combined. This can form hybrid schemes where for instance non-precoded CSI-RS is combined with precoded CSI-RS in FDD/TDD in order to exploit the long term statistics of the channels. Another example would be to combine reciprocity based CSI and precoded CSI-RS; it is here emphasized that such a scheme would be applicable also in the case of instantaneous FDD, hence the shortcomings of a pure reciprocity based scheme in FDD could, at least in part, be compensated for by obtaining CSI utilizing precoded CSI-RS. 
We thus propose the following, to be supported in the NR CSI Type I framework with intended operation below 6 GHz:
[bookmark: _Toc465238379][bookmark: _Toc462944404][bookmark: _Toc463035707][bookmark: _Toc466013152]NR supports the following MIMO operation under Type I CSI feedback
a. [bookmark: _Toc465238380][bookmark: _Toc466013153]non precoded CSI-RS with the associated PMI codebooks for up to at least 32 ports
b. [bookmark: _Toc465238381][bookmark: _Toc466013154]beamformed CSI-RS  with the associated PMI codebooks for FFS ports per beam
c. [bookmark: _Toc465238382][bookmark: _Toc466013155]reciprocity based CSI acquisition operation in NR

The number of ports per beam was 8 in LTE and that value can be used as a starting point for the discussion. Note that in a unified framework, a scalable PMI codebook of up to e.g. 32 ports can be defined and the codebooks for up to 8 ports can be reused for the beamformed CSI-Rs mode of operation. From the UE perspective, it must be configured a N port codebook for port combination and whether port selection of N out of NK ports should be performed prior to the port combination.
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	NR supports the following MIMO operation under Type I CSI feedback
a.	non precoded CSI-RS with the associated PMI codebooks for up to at least 32 ports
b.	beamformed CSI-RS  with the associated PMI codebooks for FFS ports per beam
c.	reciprocity based CSI acquisition operation in NR
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