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1. Introduction

In the RAN1 #85 and #86 meetings, it was agreed to study
And, in the RAN1 #86, it was agreed 
In this contribution, we first introduce NR MIMO transmission scheme candidates, and then propose NR MIMO modes to support NR MIMO transmission scheme candidates.
2. NR MIMO Transmission Schemes
It is envisioned that NR TRP operating in both low and high frequency bands may be equipped with antenna arrays, consisting of several tens to thousand antenna elements, depending on the deployment scenarios [1]. In [2], we provided our view on antenna architecture for NR, i.e. considering both digital and hybrid beamforming architecture in both high and low frequency band for better link budget with reasonable hardware assumption. In the meantime, RAN1 (RAN1#85) agreed to study three implementations of beamforming as follows;


In our view, it is natural to start design MIMO system based on hybrid beamforming architecture especially sub-array type since most of other beamforming architecture can be a special case of it. A simple illustration of hybrid beamforming architecture can be found in Figure 1.
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Figure 1 Basic Beamforming Architecture
As we can see from the figure, beamforming can be divided into two, i.e. analog beamforming and digital beamforming (or digital precoding). Different beamforming architectures can be expressed as in Table 1.
Table 1 Different Beamforming Architectures
	
	Analog Beamforming
	Digital Precoding
	Note

	Digital Beamforming
	N=1, (Semi) static,

e.g. Sectorization
	P>1, Dynamic,

e.g. CSI-RS
	Single Beam Operation

	Analog Beamforming
	N>1, Dynamic,

e.g. Beam management
	P=1, N/A (static)
	Multi-beam Operation

	Hybrid Beamforming
	N>1, Dynamic,

e.g. Beam management
	P>1, Dynamic,

e.g. CSI-RS
	


Observation 1. Analog beamforming and digital beamforming architectures can be treated as a special case of hybrid beamforming architecture.

Proposal 1. Design NR MIMO system based on hybrid beamforming architecture. 
Multi-antenna techniques have been extensively developed and adopted in the LTE system to increase the system and UE throughput and link reliability by virtue of multi-layer MIMO and UE specific beamforming, respectively. Since deployment scenario for NR will be superset of LTE and its evolution, it would be beneficial if NR supports principle of various MIMO transmission schemes which are already supported or considered to be supported. Note that with usage of DMRS, in most case, exact MIMO transmission schemes should be transparent to UE, and thus it can minimize transmission modes. Furthermore, it is also beneficial to support various MIMO transmission schemes with minimum number of CSI feedback mode. In [3], we provide our thought on CSI framework. 

Figure 2 shows potential NR MIMO transmission scheme which covers most of candidate schemes discussed in RAN1, i.e. 

· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· Combination of above techniques
	Single-Point SM SU-MIMO
	Single-Point Higher order SM SU-MIMO
	Single-Point Diversity SU-MIMO
	Single-Point MU-MIMO
	Multi-Point Higher order SM SU-MIMO
	Multi-Point Diversity SU-MIMO
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Figure 2 Envisioned DL/UL transmission scenarios for NR MIMO technologies [2]
Observation 2. It would be beneficial if NR supports principle of various MIMO transmission schemes which are already supported or considered to be supported. 

Observation 3. With usage of DMRS, in most case, exact MIMO transmission schemes should be transparent to UE, and thus it can minimize transmission modes.
Observation 4. It is also beneficial to support various MIMO transmission schemes with minimum number of CSI feedback mode.

Proposal 2. Strive to support various MIMO transmission schemes in NR such as CL-SM, OL-SM, Single-Point, Multi-Point, SU-MIMO, MU-MIMO and TxD with minimal MIMO transmission modes and minimal CSI feedback mode.
3. NR MIMO Transmission Modes
In order to support various MIMO transmission schemes discussed in Section 2 with hybrid beamforming architecture, we first formulate a MIMO transmission structure as
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where [image: image10.png]


 is a set of TRPs which involve transmission, [image: image12.png]


 is a channel matrix from t-th TRP to UE at i-th resource unit, [image: image14.png]Wierrx:



 is an analog beamformer at t-th TRP, [image: image16.png]Wasrxe:



 is a digital precoder at i-th resource unit, and [image: image18.png]


 is a MIMO encoder at i-th resource unit. Example of MIMO encoder can be described as
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where P is number of port, R is number of resources. In case of TxD,
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where P = 2 and R = 2, and in case of SM, 
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where Ns is number of layers for an UE. Note that we assume an analog beamformer is applied across all frequency resource, i.e. wideband (even though different analog beamformer for different frequency resource unit can be applied), and a digial precoder can be different for different resource unit. Also note that the dimension, N and P (in Figure 1), can be varying according to MIMO mode, digital precoder and scheduler decision, etc. The notion of analog beamforming and digital beamforming/precoding is just for explanation purpose not representing actual location of the beamfomer.  
In addition to DMRS based spatial multiplexing which is agreed during RAN1 #86 meeting, we propose to have DMRS based TxD. This mode of operation is beneficial when preferred beam index is available while there is no co-phase information between two different polarizations.  
To this end, we propose following MIMO transmission modes.
Proposal 4. Support TxD and SM
Proposal 5. Support a mode of operation where beamforming is transparent to UE for demodulation purpose. Additional mode of operation, i.e. non-transparent precoding for demodulation purpose, is FFS.
Conclusions

 In this contribution, we discussed NR MIMO transmission schemes and transmission modes, and we observed

Observation 1. Analog beamforming and digital beamforming architectures can be treated as a special case of hybrid beamforming architecture.

Observation 2. It would be beneficial if NR supports principle of various MIMO transmission schemes which are already supported or considered to be supported. 

Observation 3. With usage of DMRS, in most case, exact MIMO transmission schemes should be transparent to UE, and thus it can minimize transmission modes.
Observation 4. It is also beneficial to support various MIMO transmission schemes with minimum number of CSI feedback mode.

Based on these observation, we proposed
Proposal 1. Design NR MIMO system based on hybrid beamforming architecture. 
Proposal 2. Strive to support various MIMO transmission schemes in NR such as CL-SM, OL-SM, Single-Point, Multi-Point, SU-MIMO, MU-MIMO and TxD with minimal MIMO transmission modes and minimal CSI feedback mode.
Proposal 4. Support TxD and SM.
Proposal 5. Support a mode of operation where beamforming is transparent to UE for demodulation purpose. Additional mode of operation, i.e. non-transparent precoding for demodulation purpose, is FFS.
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RAN1 to study transmit diversity for both data and control channels


Aspects to related to QCL (if any), # of ports, polarizations, etc.


Demodulation reference signal for transmit diversity, if supported, could be


UE-specific RS (if supported by NR)


Shared (by two or more UEs)-RS (if supported by NR)


Other types of RS are not precluded





The following DL multi-antenna transmissions to be studied for NR


Closed-loop/(Semi)Open-loop spatial multiplexing


Single/Multi-point transmissions


SU/MU-MIMO


Transmit diversity, 


e.g., Single/Multi panel spatial diversity


Combination of above techniques


Other DL multi-antenna transmissions and related techniques are not precluded


This does not imply that used transmission technique needs to be known to the UE





DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported


FFS: Necessity of sidelink spatial multiplexing


At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling


At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling


Support dynamic switching between transmission methods/schemes, e.g. between


Transmit diversity


Spatial multiplexing





Following three implementations of beamforming are to be studied in NR


Analog beamforming


Digital beamforming


Hybrid beamforming 


Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency
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