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Introduction
Based on discussions throughout the past few meetings, the following agreements on MIMO transmissions have been achieved in 3GPP RAN1 #87 meeting [1]:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,
· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix
· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter
· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix
· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers
· Note: DMRS can be precoded or not precoded
· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD
· Study the selection of transparent and/or non-transparent DMRS
· Transparent DMRS: DMRS and data precoded identically
· Non-transparent DMRS: DMRS  and data precoded differently
· Define at least two sets of transmission parameters, where
· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)
· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1
· FFS: Whether default value can be derived implicitly
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 
· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)
· FFS whether multiple subsets is supported and how to simplify DCI format
· Note: some transmission parameter may belong to both set-1 and set-2
· Detail parameters and usage condition are TBD
In this contribution, we present our considerations on beamforming operations and DL MIMO scheme designs for data and control channel transmissions in NR. 
Discussion on MIMO transmission schemes design for NR
General considerations 
Due to the reasons discussed above, it’s observed that, beamforming is even more important for NR. Beamforming in terms of blind sweeping to cover the serving area and dynamical adjustment to optimize user-specific transmissions and receptions might all be useful throughout L1/L2 operations. 
In legacy LTE system, targeting at distinct deployment scenarios, up to 10 Tx modes have been defined. And the switches between Tx modes can only be semi-statically configured via RRC signalings. The NR interface, on the other hand, is expected to support a single technical framework addressing all usage scenarios, requirements and deployment scenarios including eMBB, mMTC and URLLC. The single technical framework is expected to support different frequency bands including from sub-6GHz up to 100GHz. To avoid technology fragmentation, reduce specification efforts and implementation cost, a single unified MIMO framework that can be adapted to support a wide range of diverse use cases is also desirable for NR. Under the common framework, MIMO transmission can be optimized for different frequency bands, deployment and usage scenarios by choosing differently optimized numerologies, e.g. CSI quantization granularity, feedback delay and as such. 
Transmission schemes for NR
SU & MU-MIMO operation
Based on the aforementioned beamforming architectures, both single-user and multi-user MIMO can be supported. Multi-stream single-user transmission, or SU-MIMO, is capable of boosting peak data rate for users under favourable channel conditions. For NR, peak data rate can be as high as 20Gbps is still one of the critical performance challenges to the system. Whereas, further increase of layer numbers in SU-MIMO for NR seems to be unreasonable. First of all, ranging from sub to above 6GHz frequency bands, abundant bandwidth is supposed to be unleashed through refarming and frequency resource allocation. In such case, complicated higher-order SU-MIMO is not an economic choice in seeking of higher peak data rate. For NR MIMO in higher frequency bands with large amount of antenna and huge bandwidth, the system would be highly sensitive to cost and power consumption. Hence, simpler MIMO operations might be more preferable to the system. Furthermore, disadvantageous factors, such as less angular spread in high frequency bands, especially when highly directive narrower beams are used, will make higher-order MIMO transmission even more infeasible.  
Proposal 1: up to 8 layers can be supported for SU-MIMO in NR.
By scheduling more than one user on overlapped resources, MU-MIMO has been always viewed as an essential component in improving spectral efficiency in course of LTE evolution. Up to 4 downlink layers and up to 2 layers for each co-scheduled UE can be supported since LTE Rel-9. MU-MIMO operation was further enhanced with more accurate CSI acquisition mechanisms, including up to 8-port CSI-RS and dual-level multi-granularity codebook.  As promised by massive MIMO theory, with larger antenna array and potentially more users to be served, MU-MIMO is more suitable for NR to reach higher performance requirement. As more antennas, users and frequency resources are involved, concerns on cost, complexity and power consumption still apply in the case of MU-MIMO. The dimension in MU-MIMO operation, including supported numbers of layer for each UE and orthogonal user-specific RS port, has impact on designs of RS and control signalings directly, and needs further study. Besides this, transparency is another issue needs to be considered. With more complicated control signaling and possible constraints on resource allocation in scheduling, introduction of non-transparent MU-MIMO should be justified by clear-cut gain. 
Proposal 2: the dimension in MU-MIMO operation, including supported numbers of layer for each UE and orthogonal user-specific RS port, has impact on designs of RS and control signalings directly, and needs further study. Introducing of non-transparent MU-MIMO should be justified by clear-cut gain.
Open-loop/semi-open-loop transmissions for emerging business opportunities
LTE has been heavily focused on close-loop beamforming, where CSI feedback naturally breaks down when UE speed increases. For NR, practical robustness under high-speed scenarios with open-loop transmissions should not be overlooked. High-speed applications are increasingly important for emerging mobile devices and business opportunities as such connected automotives, V2X, and drones for civil and law enforcement, where high-speed robustness is critical. In such cases, combinations of beamforming and open-loop spatial multiplexing and transmit diversity can be considered. 
Open-loop and close-loop MIMO are separately designed in different transmission modes in LTE, i.e., TM3 and TM4/TM9/TM10. eNB has to choose appropriate transmission mode for UE according to moving speed, robustness requirements, etc. As transmission mode is semi-statically switched, it may not be able to fast track the environment variation. In addition, separate design makes it difficult to achieve robustness and efficiency simultaneously.  Hence, it is desirable to design open-loop MIMO and close-loop MIMO under the same transmission, CSI feedback, and RS framework.
For open-loop transmission schemes standardized in Rel-8, CRS based transmission was adopted. Generally, CRS ports can be assumed to have a sector-wise coverage in legacy systems. However, due to the non-ideal propagation characteristics mentioned above, such CRS-like reference signals conveyed by wide beams might not exist in systems with carrier frequency above 6GHz.  To cope with this, depending on the CSI available, different approaches could be applied at the transmit side. Processing in both analog and digital domains would all be beneficial.
· Semi-open-loop MIMO can be used for the scenarios with partial or deficient CSI, e.g., a rough beam pair, which could be the cases for user/user group-specific control and data transmissions.
· Based on regular beam training & tracking, if at least a pair of beams match the channel roughly at both sides of a radio link is available, beam broadening or cycling could be used to enhance transmission reliability with less accurate but more robust analog beam. Furthermore, redundant beam pairs can be maintained to better overcome blockage effect.  The combination of above mentioned methods can also be considered. Anyway, the beam pair maintained through beam management can be used directly in transmission, especially when the beams are already wide enough considering the mobility of scenario. 
· At baseband, on the other hand, more flexible processing is possible to further improve the transmission reliability.
· Alt-1: as shown in Figure1, with multiple analog beam pairs and/or dual polarizations, transmission schemes such as TxD and spatial division multiplexing can be applied. It’s noted that, some TxD schemes like SFBC/SFBC+FSTD might have restrictions on number of virtual antenna ports (TX/RU), e.g., 2 or 4. If more than the supported number of virtual antenna ports are available, Alt-2 can be considered. 
· Alt-2: in figure 2, frequency-selective and/or time-varying weighting can be applied at base band first
· Single or multi-layer beamforming can be enabled. Based on CSI available at baseband, cycling/broadening are applicable for digital beamforming as well.
· Furthermore, based on reduced number of equivalent ports after aforementioned weighting, TxD or open-loop SDM with possibly different frequency/time domain granularity can still be used on top of the above analog and baseband operations
· Open-loop MIMO can be used for the scenarios without establishment of reliable beam pair, or even without any prior CSI at the transmit side. Broadcasting-like common control information, user/user group-specific control and data could all be the possible use cases.
· Without reliable CSI, less efficient approaches, such as blind sweeping, multi-beam SFN or sector-wise wide beam could be applied in RF beamforming
· At baseband, similar schemes to semi-open-loop transmission can also be adopted. 
Proposal 3: support the combinations of beamforming and semi-open-loop/open-loop transmission schemes depicted in Fig.1 & 2 for NR DL.
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Fig.1: examples of baseband processing Alt-1 for semi-open-loop/open-loop transmission
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Fig.2: examples of baseband processing Alt-2 for semi-open-loop/open-loop transmission
MIMO for control channel
In the early phases of LTE standardization, i.e., Rel-8 through Rel-10, L1/L2 control information is transmitted in broadcasting manner based on sector-specific wide beams. With increased number of antennas, to extend PDCCH capacity and gain from more advanced MIMO transmission scheme other than simple transmit diversity, ePDCCH was introduced since Rel-11 which enables UE-specific beamforming for a part of L1/L2 control information. 
Similar requirements for user-specific transmission of dedicated control signaling also exist in NR MIMO. For operations such as initial access and beam training in some deployment scenarios in NR, broadcast-like beam sweeping seems to be the only choice. However, blind beam sweeping raises inevitable problems with increase of overhead in beams transmitted repeatedly.  And it would be rather inefficient if all the L1/L2 control information is carried in broadcasting manners. Actually, with channel knowledge available through beam management and possible subsequent feedback in digital domain, more efficient unicast can also be used for dedicated control information transmissions to reduce the overhead in beam sweeping based transmission. Toward this end, a unified design for both data and dedicated control signaling transmissions can be considered. The idea also aligns with the self-contain design principle and would be helpful to minimize the always-on transmissions. 
On the other hand, even though the same set of beam pairs maintained in beam management procedure can be utilized for data as well as dedicated control information, the distinct requirements on spectral efficiency and robustness might suggest individual optimizations for their transmission scheme designs. For instance, to achieve higher spectral efficiency, more layers and codewords could be used for data transmission. Meanwhile, the transmission schemes with higher reliability are more relevant to dedicated control information. Therefore, low-rank beamforming or combination of beamforming and open-loop transmission schemes described above could be better choices for dedicated control information. 
The multiplexing of data and dedicated control information has impact on design flexibility too. If data and dedicated control information are multiplexed in TDM manner, the selection of analog beam(s) and MIMO operation in baseband can all be independently used for data and control. However, as analog beamforming is applied for the whole bandwidth, if data and control are frequency division multiplexed, they’ll have to use the exactly same set of analog beams. Certainly, different MIMO operation can still be implemented for them at base band. 
Proposal 4: the following alternatives for designing data and UE-specific control information transmission scheme can be considered
· Alt-1: unified design for both data and dedicated control information transmissions.
·  Alt-2: individual design for data and dedicated control information transmissions
As described above, beam sweeping is necessary in acquiring and maintaining of Tx/Rx beam pair(s). However, the overhead with beam sweeping should not be overlooked. In order to utilize the spectrum more efficiently, embedding of control information in sweeping beams can be considered. More specifically, Common control information that is supposed to be transmitted in broadcast manner could be multiplexed together with beam probing signals in globally swept beams. UE-specific control information could be transmitted with locally swept beams used in the course of beam pair refinement. 
Proposal 5: embedding of control information in sweeping beams can be considered
· Common control information that is supposed to be transmitted in broadcast manner can be multiplexed together with beam probing signals in globally swept beams.
· UE-specific control information can be transmitted with locally swept beams used in the course of beam pair refinement.
Conclusions
This contribution provides our high-level considerations on NR MIMO transmission scheme design. Based on the discussion above, we have the following proposals:
Proposal 1: up to 8 layers can be supported for SU-MIMO in NR.
Proposal 2: the dimension in MU-MIMO operation, including supported numbers of layer for each UE and orthogonal dedicated RS port, has impact on designs of RS and control signalings directly, and needs further study. Introducing of non-transparent MU-MIMO should be justified by clear-cut gain.
Proposal 3: support the combinations of beamforming and semi-open-loop/open-loop transmission schemes depicted in Fig.1 & 2 for NR DL.
Proposal 4: the following alternatives for designing data and UE-specific control information transmission scheme can be considered
· Alt-1: unified design for both data and dedicated control information transmissions.
·  Alt-2: individual design for data and dedicated control information transmissions
Proposal 5: embedding of control information in sweeping beams can be considered
· Common control information that is supposed to be transmitted in broadcast manner can be multiplexed together with beam probing signals in globally swept beams.
· UE-specific control information can be transmitted with locally swept beams used in the course of beam pair refinement.
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