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1. Introduction

In RAN1#85, RAN1 has agreed 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 RAN1#86bis, RAN1 has further discussed on DL MIMO transmission scheme, and the following agreements have been reached.

· DL and UL transmission techniques should be studied to provide robustness against imperfect CSI and mobility

· e.g.) The techniques using a subset of beams/precoders may include beam cycling, beam broadening, etc.

· e.g.) In case of DL and FDD, this technical scope may include semi-open-loop MIMO technique being discussed in LTE eFD-MIMO. 

In this contribution, we elaborate various potential transmission schemes based on single and multi-beams based transmission in NR MIMO. 
2. Single beam based transmission
Single beam based transmission is to use only one analog beam for transmission, which means that this transmission scheme can be applied in both single beam system and multi-beams system with only single analog beam. To be more specific, one wide RF beam would cover a small/large amount of propagation paths, and the baseband beamforming can be flexibly adjusted to transmit one or more data streams based on the CSI feedback or channel reciprocity.  Several following examples are presented here, for the sake of understanding.
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Fig. 1 Transmit beamforming in single-beam MIMO system
2.1   Closed -Loop MIMO

Single layer transmission:  UE feeds back a precoder which can be selected in a GoB codebook. The TRP which has multiple TXUs can refine the wide RF beam by baseband precoding to make alignment with the optimal direction, see Figure 1(a). Also TRP can transmit the same layer information via multiple narrow beams pointing to multi-paths, see Figure 1(b). Once the beams can be correctly weighted and coherently combined into one stream, the receiver performance would be improved further accordingly. These beam directions and co-phasing weights can be obtained based on a linear combined codebook.
Multi-layer transmission: If channel paths are rich and the beam width is narrow enough, the interference between beams would be small and thus these streams of different layers can be transmitted simultaneously via several paths, see Figure 1(c). When both TRP and UE configured dual-polarized antennas, multi-layers can also be transmitted on different polarization directions.
These schemes mentioned above can be flexibly chosen and dynamic switched if DMRS based transmission is supported. However it’s challenging for CSI feedback design to achieve the optimal performance in FDD system. Notice that, in multi-beam system, one RF beam can be chosen for transmission accordingly.
2.2   Open Loop MIMO

In LTE, multiple spatial diversity schemes are supported, e.g. SFBC,FSTD and LD-CDD, for NR MIMO, which are needed for both control channel and data channel. Spatial diversity schemes can be used for both single-beam based transmission and multi-beams based transmission. 
For single-beam based transmission, the main purpose of OL MIMO is to exploit the spatial/polarized diversity gain if  there are multiple TXUs  within one RF beam, several candidate schemes are listed below:
SF(T)BC: The signals transmitted by multiple TXUs can be encoded by Alamouti method, which is promising and adopted in LTE for CRS based downlink transmission.  For NR MIMO, DMRS based transmission should be considered for both CL and OL MIMO, thus DMRS based SFBC should be studied. Since this scheme is not scalable and hardly flexible to support the various numbers of TXUs, it is usually combined with other transmission schemes(e.g. beamforming or antenna/port switching). Although SFBC has very good diversity performance, this scheme is non-transparent which needs more standard efforts. 
Antenna Switching: During data transmission, multiple TXUs can switch in frequency domain or time domain. To be more specific, FSTD strives for switching in different subcarrier group, and TSTD is to achieve this in different time-domain symbols. Generally, these two ways are both non-transparent. The gNodeB should indicate the UE switching is on, or indicate DMRS for different SC/symbols groups are different. Performance of antenna switching also highly depends on spatial correlation of TXUs. Therefore, if TXUs is not spatially independent, diversity gain is not significant.
Co-phasing cycling:  Co-phasing cycling is usually used for exploiting the potential diversity gain in polarization domain. The co-phasing precoder for different polarized directions is cycled in a predefined co-phasing set ,e.g [1,1]T/sqrt(2), [1,j] T/sqrt(2), [1,-1] T/sqrt(2), [1,-j] T/sqrt(2). It can be easily extended for 2-layer transmission. Furthermore, this scheme can also be used to obtain diversity gain over two TXUs. However, similar to SFBC, it is not scalable enough to support the various numbers of TXUs, and thus it is usually combined with other transmission schemes(e.g. beamforming).
CDD: While different TXRUs are being transmitted, some delay can be added into time domain. . It is equivalent to multiply with different phases in frequency domain, and therefore more frequency-selective fading can be obtained, which means more diversity gain. CDD supports a transparent method and has little complexity of standardization.  However, for DMRS based transmission, there will be some performance loss induced by non-ideal channel estimation.
The mentioned diversity schemes above can be formulated by using a unified precoder cycling, For DMRS based transmission, transparent or non-transparent methods can be used for achieving these diversity schemes. For transparent methods, like closed-loop scheme, DMRS should use the same precoder as the associated data/control signals. For non-transparent methods, data should be multiplied by additional precoder besides the precoder for DMRS. Transparent method can support multiple transmission techniques besides SFBC but require smaller precoding granularity, which means more overhead of reference signals.  In contrast, non-transparent method has low overhead for reference signals but require some down selection of diversity candidates for standardization. If non-transparent way would be supported, taking into account the best diversity performance, SFBC can be considered with small number of TXUs.
Observation 1：
· Transparent methods can support more diversity techniques but may require more overhead of reference signals;
· In contract, non-transparent methods can obtain more diversity gain but have higher complexity of standardization.
Proposal 1：
· DMRS based open-loop MIMO scheme(s) should be supported. 
· Both transparent and non-transparent ways should be studied and evaluated for supporting diversity schemes. 
· If non-transparent way will be supported, SFBC can be considered with small number of TXUs.
2.3  Semi-Open Loop MIMO

For closed-loop spatial beamforming, performance gain relies on the accurate CSI feedback.  In some scenarios that accurate CSI cannot be obtained, e.g. the UE is moving at high speed, CSI obtained based on non-ideal channel reciprocity. gNodeB can use semi-open-loop beamforming schemes for data or control transmission. A example is shown in Fig 2,the gNodeB use multiple narrow beams in a adjustable range for transmission (baseband beam cycling), it may be agnostic/non-agnostic to UE, and gNodeB can determine the range and beam width based on the long term/wideband PMI or BI/CRI information fed back by UE,  or coarse CSI measured based on SRS. These beams can switch in time or frequency domain. Compared to a wide beam based transmission, it is more efficient. 
If only coarse beam information can be obtained, but lots of TXUs are configured at gNodeB. Some other semi-loop techniques, like Figure 2(b), (c), can be used. In Figure 2 (b), (c), TXU is divided into two groups, each of which can be used to generate a coarse beam according to the channel properties, and some diversity techniques mentioned above can be used for inter-grouping MIMO, like SFBC, co-phasing cycling, etc.,  If channel is rich scattered, it would be beneficial to use joint diversity methods shown in Figure 2 (a), (b), (c).
Semi-OL MIMO can use the same precoding framework as OL-MIMO or CL-MIMO.
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Fig. 2 Semi-open loop beamforming in single beam operation
Observation 2：
·  Semi-Open loop MIMO is useful when accurate CSI cannot be obtained; 

· Semi- Open loop MIMO can share the same transmission framework with CL-MIMO and/or OL-MIMO. 

Proposal 2：
· DMRS based Semi-OL beamforming  should be supported;
· Both transparent/non-transparent ways should be studied and evaluated for supporting Semi-OL beamforming.
3. Multi-beam based transmission
3.1  Closed -Loop MIMO

gNodeB can use multiple TXUs to transmit different RF beams, and optimize their RF beam and baseband precoder together in multi-beams system. Similarly, we have the following cases shown in Fig.3:   

[image: image5.emf]Path a

Path b

Path c

Path d

RF beamforming

RF beamforming

Base band beamforming

Path a

Path c

Path d

RF beamforming

RF beamforming

(a)  (b) 

Path b

Base band beamforming


Fig. 3 Transmit beamforming schemes in multi-beam based system
Considering cost and complexity, when there are many antenna elements, the number of RXUs is usually smaller than number of antenna elements.  Consequently UE should firstly use RF beam(s) to select the received beam(s) pointing to one or more paths. We have the following approaches for receive beamforming accordingly which are shown in  Fig.4
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Fig. 4 Receive beamforming schemes in multi-beam based system
Single layer transmission:

The gNodeB can use different TXU groups to transmit different RF beams, and TXUs in the same group with the same RF beams can refine the final beams by baseband precoding. Signal can be transmitted to the UE via several paths. The exact combination weights for multi-beams can bring larger beamforming gain, see Figure 3(a). Multiple RF receive beams corresponding to multiple RXU groups point to different directions corresponding to paired TXU groups, see Figure 4(a). this approach can obtain more signals from various paths, if  the beams can be correctly weighted and coherently combined, the receiver performance would be improved.  Since multi-beams are used for single layer transmission,  it is more robust than single beam based transmission.
Multi-layer transmission:

Different RF beams corresponding to different TXU groups can be used for multiple layers to achieve spatial multiplexing, see Figure3 (b), if there are many TXUs in a TXU group, more paths can be distinguished thus more layers are supported.  Multiple RF receive beams corresponding to multiple RXU groups point to different directions see Figure4 (b), each TXU-RXU group pair can support one or more layers. Compared to single beam based beamforming in a multi-beams system, multi-beams based beamforming can more easily achieve MIMO transmission with higher number of layers.
Observation 3：Multi-beams based beamforming is more robust than single beam based beamforming.  Multi-beams based beamforming can more easily achieve MIMO transmission with higher number of layers
Proposal 3：  Multi-beams based closed-loop beamforming should be supported in NR considering signaling for using multiple receive beams. 
In LTE, single/multi-layer/TP/UE transmissions use a unified framework. Due to the flexibility of DMRS, these transmissions have good transparency. In NR, multi-beam transmission can also be seen as coordinated transmission between multiple virtual TPs, which demonstrates that single/multi-layer/TP/UE transmissions can be achieved under a unified framework.

Proposal 4：NR should strive for designing a unified transmit beamforming framework for single and multi-beam based beamforming
3.2  Open Loop MIMO

If these exists a circumstance of no channel quality information for multiple beams, using multi-beam based OL-MIMO transmission would obtain some more diversity gain from multi-beam transmission in multi-beams system. The typical method is to use beam-sweeping-based transmission which can be seen as a kind of beam-switching techniques as shown in Figure 5(a).
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Fig. 5 (a) Narrow beam sweeping transmission; (b) Wide beam repetition  transmission
Beam switching can be conducted in frequency or time domain. Pure open-loop beamforming needs to sweep the whole spatial direction which is suitable for broadcast channel or common control channel. Compared with the repetition transmission using a wide beam shown in Figure 5 (b), this kind of sweeping-based method can select the desire beam pair and then combine their signal accordingly taking into account that there might be very weak signals or high interference under the portion of  pair. That means that beam-sweeping-based method can obtain performance gains over the repetition transmission. 
Proposal 5:  Beam sweeping based transmission should be supported in NR. 
3.3  Semi-Open Loop MIMO

Single beam based semi-OL MIMO transmission is to obtain the diversity gain using diversity techniques for spatial diversity (for different RF beam) and polarization. If RF beam is narrow, only limited paths can be covered and consequently little diversity gain can be achieved.  In such case, using multi-beam based semi-OL MIMO transmission can obtain the diversity gain from multiple beams, which can be transmitted by one or multiple TRPs. 
An example is shown in Fig 6, if multiple beams are corresponding to multi-paths, switching between beams means switching between paths, and thus it will be very helpful for ensuring robustness of control channel in high frequency communication which is  vulnerable to path blocking. Besides beam switching, multiple TXRUs transmit multiple beams for different direction and these signals for different beams uses some diversity techniques like CDD, co-phasing cycling and SFBC.  
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Fig 6  multi-beams based semi-open loop beamforming

Proposal 6: Multi-beams based semi-OL beamforming should be supported in NR. 
3. Conclusion

This contribution provides our following observations for single and multi-beams based transmission schemes: 
Observation 1：
· Transparent methods can support more diversity techniques but may require more overhead of reference signals;
· In contract, non-transparent methods can obtain more diversity gain but have higher complexity of standardization.
Observation 2：
·  Semi-Open loop MIMO is useful when accurate CSI cannot be obtained; 

· Semi- Open loop MIMO can share the same transmission framework with CL-MIMO and/or OL-MIMO. 

Observation 3：
· Multi-beams based beamforming is more robust than single beam based beamforming.  Multi-beams based beamforming can more easily achieve MIMO transmission with higher number of layers
Based on these above observations under single and multi-beams based transmission schemes, we have the following proposals:
Proposal 1：
· Both transparent and non-transparent ways should be studied and evaluated for supporting diversity schemes. 

· If non-transparent way will be supported, SFBC can be considered with small number of TXUs.

Proposal 2：
· DMRS based Semi-OL beamforming  should be supported;

· Both transparent/non-transparent ways should be studied and evaluated for supporting Semi-OL beamforming.
Proposal 3：Multi-beams based closed-loop beamforming should be supported in NR considering signaling for using multiple receive beams.
Proposal 4：NR should strive for designing a unified transmit beamforming framework for single and multi-beam based beamforming

Proposal 5: Beam sweeping based transmission should be supported in NR.
Proposal 6: Multi-beams based semi-OL beamforming should be supported in NR. 
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