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1. Introduction

In RAN1#85, RAN1 agrees on that three implementations of beamforming should be studied in NR [1], including  Analog, Digital and Hybrid beamforming. Both Multi-beams based approaches and Single-beam based approaches should be considered for these implementations. In this contribution, we discuss various possible transmission schemes for NR MIMO.
2. MIMO Transmission Schemes
2.1 Beamforming

The MIMO signal beamforming processing procedure can be expressed as follows:
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where 
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 is the received signal, 
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 is the baseband received weight, 
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 is the RF received weight, 
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 is the baseband transmitted weight, 
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 is the RF transmitted weight, i and k denotes the indices of different TPs, Nte and Nre denote the numbers of transmitted and received antenna elements, respectively, and Ntx and Nrx denote the numbers of TXRUs of Tx and Rx , respectively. 
· Transmit beamforming

Digital beamforming ：Both 
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 have the fixed weights, and therefore for single TR formula (1) can be simplified as 
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. In this system, one RF beam would cover lots of propagation paths and therefore the baseband beamforming can be flexibly adjusted to transmit one or more data streams based on the CSI feedback. Several examples are presented as follows for the sake of understanding.

Case 1A: UE fed back a precoder selected in a GoB codebook.  The BS can adjust FBB to make alignment with the optimal direction via beamforming, see Figure (a), where the light and dark colors respectively represent the RF beams just via analog beamforming and the final beams generated by hybrid beamforming.
Case 1B: If several path directions can be obtained, the BS can strive to transmit the same layer information via multiple beams pointing to independent paths, see Figure (b). Highlighted that, if the beams can be weighted and coherently combined into one stream, the receiver performance would be improved further like using eigenvectors to achieve precoding. 
Case 1C: If the rank is sufficient, these streams of different layers can be transmitted simultaneously via several paths, i.e., spatial multiplexing, see Figure (c), which is similar to SU-MIMO. 
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Hybrid beamforming：The BS can use multiple TXRUs (corresponding to different elements group, i.e., sub-array architecture) to transmit the same/different RF beams, and optimize their analog beam and baseband precoding together in this architecture. Similarly, we have the following cases:   

Case 2A: The BS can use multiple TXRUs (corresponding to different elements group, sub-array architecture) to transmit the same RF beams, and subsequently the digital precoding can be associated with these TXRU and further refine these RF beams, see Figure (d)；
Case 2B: The BS can use different TXRU groups to transmit different RF beams, and TXRUs within the same group refine the final beams with narrow beam width. As a result, these signals can be transmitted to the receiver via several paths. If have the exact combination weight for final beams, this transceiver can obtain the larger beamforming gain, see Figure (e);

Case 2C: Similar to case 2B but different beams can be used for multiple layers to achieve spatial multiplexing.   
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The BS can use multiple TXRUs (corresponding to the same elements, i.e, full-connection architecture) to transmit the different RF beams, which shares with similar transmission schemes as the aforementioned sub-array architecture shown in Figure (h), (i), (j). But, due to the fact that in this case TXRU has more elements, the RF beams would be narrower with higher beamforming gain. If the RF beam has pointed to UE with sufficient beamforming gain, the main function of baseband precoding is not to refine the beam, but to realize the selection of RF beam corresponding to the transmission layer, and the weighted combination of the multiple beam transmission. 
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In the aforementioned cases, if the RF beam is very narrow, multiple TXRUs can be used to cover the different directional offset, like wide beams. See Figure (k).

Analog beamforming：Analog beamforming system is a special case of Hybrid beamforming system with full-connection architecture, which has only one TXRU. It means that analog beamforming can only support part of transmission schemes mentioned. The high-antenna-gain narrow beam points to LOS path, as shown in Figure (h), or a wide beam to improve the robustness. However, due to the limited number of TXRU, analog beamforming would hardly achieve spatial multiplexing like Figure (j).  
According to the aforementioned analysis, different TXRUs/TXRU groups can be regarded as a virtual TRP (vTP), and the hybrid beamforming is capable of dynamically adjusting the RF beams and achieving the coordination between vTPs. Compared with the CoMP of LTE, vTP has a smaller coverage but more flexibility. Multiple TP/vTPs can use SFN to combine channel and then use the single-TP-like precoding to transmit, or dynamically select the optimal one to achieve data transmission. JT and CS/CB are also good choices. In light of this, hybrid beamforming can be seen as a RF/baseband precoding system supporting several vTPs, which means that these digital/hybrid/analog systems can share a unified framework. 
In LTE, single/multi-layer/TP/UE transmissions use a unified framework. Due to the flexibility of DMRS, these transmissions have a very good transparency. In NR, multi-beam approaches also can be seen as coordinated transmission between multiple single beams, which demonstrates that single/multi-layer/TP/UE transmissions can be achieved under a unified framework.
Observation 1: 
·  Hybrid beamforming system can be interpreted  as a virtual-TP-based coordination system with the ability of dynamically adjusting RF beams, where each virtual TP is a digital/RF-precoding-specific sub-system；
· Multi-beams transmission can be seen as coordinated transmission between multiple single beams;
Proposal 1： 
· Unified transmit beamforming framework should be designed at least for transmission.  Support various beamforming schemes as transparent as possible for NR MIMO 
· Receive beamforming

When the number of antenna elements of UE is close to the number of RXU, 
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 usually corresponds to the fixed wide RF beam. Therefore, 
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 just filters few of paths and holds most of multiple physical paths. 
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 can adjust the baseband received weights with high flexibility. Regardless of transmission schemes, the receiver always can identify the optimal weight 
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. In this case, the dimension of 
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is obviously less than that of
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, and the gain from received beamforming is obtained via 
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. Unfortunately, this architecture induces the big challenges on cost and complexity, although we have the optimal/sub-optimal performance.   When the number of antenna elements of UE is more than that of RXU, receiver should firstly use 
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 to select the received beams pointing to one or more paths and then use the low-dimension 
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to further combine or identify the multiple layers. Therefore, we have the following approaches for RX beamforming accordingly.
Case A: Multiple RXUs share the same RF beams and receive the signal from LOS path, and 
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 further refines this RF beam with the objective of maximizing the beamforming gains, as shown in Figure (A);
Case B: RF beams point to different directions and receive the signals from several paths. Via filtering/ removing some directions without dominant paths, the rx baseband can make some further refinement for rx beam. In brief, this approach can obtain more signals from various paths;
Case C: like Case B but different beams correspond to different layers.
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In order to reduce the number of RXU, the RF beam would be much narrower. There are the similar approaches as the above mentioned one. However, with the narrow beam, we have to face somewhat worse robustness, see Figure (D,E,F).
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It is observed that the schemes for Rx and Tx beamforming are very similar. For instance, final beams can point to the certain directions or multiple receptions. But, it should be highlighted that (E) and (G) can be accomplished by one RXU or several.  

Proposal 2：To include the following receive beamforming schemes for further study in NR SU-MIMO
· Single beam and one layer；

· Multiple beams and one layer;

· Multiple beams and multiple layer;
· Co-operation of Rx/Tx beamforming

When the transmit and receive beamformings are implemented in the transparent approach, some cooperation issues between RX and TX would be raised.  To be more specific, the propagation path bearing the transmission signal would not be received; or, there does not exist the strong power in the path covered by receive beam. For instance, a transmitter use one of (b,e,c,f) schemes, but the receiver uses (D,G) to receive the signals. In this case, these paths bearing transmitted signal have not been aligned by RX beam. If a transmitter use one of (a,d,h,k)  schemes but the receiver uses (D,G), some performance loss also would occur.
Two potential solutions are raised here:
 1) Configuring or pre-specifying the range of selective transmission or reception schemes;
 2) Adopting the multi-shots DMRS with blind detection.
The former one would affect the transparency, but the latter would induce some more overhead of reference signals. Therefore, RAN1 should study the coordination between transmit beamforming and receive beamforming.  
Proposal 3：RAN1 should study the coordination schemes between transmit and receive beamforming.
2.2  Diversity  
The multi-beam, multi-TXRUs and multi-TRPs transmission should use the multiple paths in physical channels and obtain the diversity gain. In order to maximize this gain, in the case of (b,e,i) , the exact combination weights cannot be obtained, but the system can use different TXU/beam to obtain the antenna/beam diversity gain. If multiple points is considered, we still can obtain TP diversity gain. In above 6GHz system, the diversity is an essential method against blockage. Even though the exact channel can hardly be measured, the same blocks can be transmitted separately in different direction to measure the channel. 

With the objective of maximizing the diversity gain, we can consider the following techniques in multi-beam scenario: 
SF(T)BC：The signals transmitted by Several Beams/TXRUs/TPs are encoded by Alamouti, which is promising and adopted in LTE but non-transparent. Therefore, if this is used, some configuration information has to be shared with each other. In addition, this technique is not scalable and hardly flexible to support the various numbers of beams/TXRUs/TPs;

Switching: During data transmission, multiple beams/TXRUs/TRPS can mutually switch to others via FSTD or TSTD. The FSTD strive for switching in different subcarrier group, but the TSTD is to achieve this in different time-domain symbols. Generally, these two schemes are both non-transparent. The eNode-B should indicates the UE about the switching. If the granularities of FSTD and TSTD are RBG or TTI, respectively, the transparency for the above-mentioned beamforming is achievable.  
CDD：While different beam/TXRU/TRP are being transmitted, some delay can be added into time domain which is equivalent to that, in frequency domain, different phases per frequency are multiplied to obtain more diversity gain.  Although it is inferior to SFBC in terms of diversity performance, it is transparent method and has little complexity of standardization.   
Observation 2：
· SF(T)BC has the best performance but is not transparent and flexible
· Switching is not transparent in terms of small granularity, but become more transparent for TTI/RBG-based scheme
· CDD can be supported in transparent approach with the least standardization complexity
Proposal 4：Study and evaluate the multi-Beams/TXRUs/TPs diversity schemes.
2.3  Repetition 
Literally, the repetition refers to that one data block can be allocated into several transmission resources, such as multi-shot transmission. As the frequency increases, the signal suffers from the higher path loss. For instance, just for the free-space path loss, the signals at 30GHz and 70GHz have to suffer from 23.5 dB and 30.9 dB more loss over those at 2 GHz. Since the diversity gain in time, frequency can be achieved, the repetition could be a very useful way to compensate it. And it should be supported in NR, especially for control, broadcast and synchronization signals.
These resources can be transmitted with the same or different Tx or Rx beams. If using the same beams, the SINR can be improved to enhance the coverage; if using different beam, the better robustness can be achieved.  Generally, it should be transparent as much as possible for the Tx implement schemes, in order to maintain the sufficient flexibility and low standardization complexity. 
Proposal 5： Support the repetition scheme for enhancing the coverage and robustness.
3. Conclusions
In this contribution, we discuss beamforming, diversity and repetition schemes for NR MIMO. Based on the discussion, we have the following observations and proposals:
Observation 1: 

·  Hybrid beamforming system can be interpreted  as a virtual-TP-based coordination system with the ability of dynamically adjusting RF beams, where each virtual TP is a digital/RF-precoding-specific sub-system
· Multi-beams transmission can be seen as coordinated transmission between multiple single beams
Observation 2：
· SF(T)BC has best performance but is not transparent and flexible
· Switching is not transparent in terms of small granularity, but become more transparent for TTI/RBG-based scheme
· CDD can be supported in transparent approach with the least standardization complexity
Proposal 1： 

· Unified transmit beamforming framework should be designed at least for transmission，Support various beamforming schemes as transparent as possible for NR MIMO 

Proposal 2：To include the following receive beamforming schemes for further study in NR SU-MIMO

· Single beam and one layer
· Multiple beams and one layer

· Multiple beams and multiple layer
Proposal 3：RAN1 should study the coordination schemes between transmit and receive beamforming.
Proposal 4：Study and evaluate the multi-Beams/TXRUs/TPs diversity schemes.
Proposal 5： Support the repetition scheme for enhancing the coverage and robustness.
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