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1 Introduction
Multi-layer transmissions of SU-MIMO and MU-MIMO are both very important for providing higher spectrum efficiency. It has been agreed that NR supports maximum 8 layers for SU-MIMO and 12 layers for MU-MIMO. Multi-layer transmissions for SU-MIMO and MU-MIMO in below 6GHz have been extensively studied in LTE from Rel-8 to Rel-14. NR strives to support both below 6GHz and above 6GHz. However, the codebook design and CSI feedback in NR are basically inherited from LTE, which is mainly designed for below 6GHz, except that beam management procedures related to analog beams and phase differences between panels are introduced in NR for above 6GHz. Apparently, there are huge differences between the multi-layer transmission operations of below 6GHz and above 6GHz, and intuitively, some more specification optimizations need to be considered for above 6GHz in order to guarantee the achievable spectrum efficiency. 
In this contribution, we mainly analyse the difficulties and possible operations of multi-layer SU-MIMO in above 6GHz.
2 Discussion
Compared to below 6GHz, the main difference of above 6GHz is the introduced hybrid digital and analog beamforming architecture, which is used to confront with the higher pathloss and penetration loss in high frequencies. For below 6GHz, the multi-layer transmission could be provided through several rays, which are separated in spatial domain, as illustrated in part (a) of Fig.1. However, for above 6GHz, these spatially separated rays may not be utilized simultaneously since the analog beams are much narrower, as illustrated in part (b) of Fig.1. This reduces the possibility and increases the difficulties to perform multi-layer transmission, whatever for SU-MIMO or for MU-MIMO.
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Figure 1

Observation 1:  It is much more difficult to perform multi-layer transmission in above 6GHz due to narrow analog beams, whatever for SU-MIMO or for MU-MIMO.
In the following, we mainly focus on SU-MIMO multi-layer transmission, and we will discuss three cases in above 6GHz.

· Case 1: base station with only one digital RF chain and one single-polarized-panel
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Figure 2

In this case, it is very hard to support SU-MIMO multi-layer transmission. Even if two layers are multiplexed, it is hard to distinguish them since they experience the same channel condition.
Observation 2: It is hard to support multi-layer transmission for a base station with only one digital RF chain and one single-polarized-panel.

· Case 2: base station with two digital RF chains and one cross-polarized-panel, each digital RF chain is connected to one polarization
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Figure 3
In this case, multi-layer transmission can be supported through single or multiple analog beams. If only one single analog beam could be used, two layers could be performed based on different polarizations, as illustrated in part (a) of Fig.3. If two analog beams could be used, two layers could be performed based on combination of different polarizations and different analog beams, as illustrated in part (b) of Fig.3. 
Observation 3: For a base station with two digital RF chains, each connected to one polarization of a cross-polarized-panel, multi-layer transmission could be supported based on different polarizations or different analog beams or their combination.
· Case 3: base station with multiple digital RF chains and multiple single-polarized-panels, each digital RF chain connected to one single panel
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Figure 4
In this case, multi-layer transmission could be supported in two different ways. One way is that each layer is transmitted by all digital RF chains, and different digital RF chains can use the same or different analog beams, which is illustrated in part (a) of Fig.4. In this way, the interference between different layers is mainly suppressed in digital domain by the digital beamforming algorithm. At the same time, the transmission is also limited by the narrow analog beam(s), which makes it more difficult to do inter-layer interference suppression, especially when the number of digital RF chains is small. The other way is that each layer is only transmitted by one or one group of digital RF chains, typically with the same analog beam, and different layers are transmitted from different digital RF chains with different analog beams, which is illustrated in part (b) of Fig.4. In this way, the interference between different layers is mainly suppressed in analog domain by different analog beams. This way is easier to manage inter-layer interference but the beams will be wider because each beam can only utilize part of antennas. These two ways may have different usage scenarios. Their suitable usage scenarios, performance comparison and specification impacts need to be further studied.
Observation 4: For a base station with multiple single-polarization-panels, each connected to one digital RF chain, multi-layer transmission could be supported in two ways: 

1) One way is that each layer is transmitted by all digital RF chains, and inter-layer interference is mainly suppressed in digital domain. However, digital domain interference suppression may not perform well because of the constraint of narrow analog beam

2) The other way is that different layers are transmitted from different digital RF chains, and inter-layer interference is mainly suppressed with different analog beams. The price is wider beams for each layer.
Proposal: Further study the feasible multi-layer transmission operations and their suitable usage scenarios and specification impacts.
3 Conclusion
In this contribution, we analyse the possible operations of multi-layer SU-MIMO operations in above 6GHz. 
Observation 1:  It is much more difficult to perform multi-layer transmission in above 6GHz due to narrow analog beams, whatever for SU-MIMO or for MU-MIMO.
Observation 2: It is hard to support multi-layer transmission for a base station with only one digital RF chain and one single-polarized-panel.

Observation 3: For a base station with two digital RF chains, each connected to one polarization of a cross-polarized-panel, multi-layer transmission could be supported based on different polarizations or different analog beams or their combination.

Observation 4: For a base station with multiple single-polarization-panels, each connected to one digital RF chain, multi-layer transmission could be supported in two ways: 

1) One way is that each layer is transmitted by all digital RF chains, and inter-layer interference is mainly suppressed in digital domain. However, digital domain interference suppression may not perform well because of the constraint of narrow analog beam

2) The other way is that different layers are transmitted from different digital RF chains, and inter-layer interference is mainly suppressed with different analog beams. The price is wider beams for each layer.
Proposal: Further study the feasible multi-layer transmission operations and their suitable usage scenarios and specification impacts.
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