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Introduction
Spatial multiplexing is an essential tool for achieving high spectral efficiency in NR. With increasing number of transmit- and receive antennas, and corresponding increase in baseband ports, the potential gains of spatial multiplexing techniques can be expected to grow accordingly. In this contribution we discuss general aspects for spatial multiplexing for NR, and provide Ericsson’s views on fundamental design parameters related to this. 
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On the maximum number of spatial layers for SU-MIMO
The maximum number of supported spatial layers impacts the physical layer design in many ways. The number of layers are limited by the minimum number of baseband ports at TX and RX. To support an excessive number of layers comes with a cost in hardware complexity. The gains of higher order single user spatial multiplexing typically saturate at some point given realistic propagation environments. Furthermore, high transmission rank does not always  bring large network capacity gains. At the capacity limit, network interference is typically pushing down SINR levels, making somewhat lower ranks the preferable choice for the UEs. Currently LTE supports spatial 8 layers for SU-MIMO, which brings high peak rates in favorable propagation environments, and it makes sense for NR to be on par with LTE on this. As a starting point we see little need to go much higher in number of layers for NR.

Observation 1 	It makes sense for NR to be on par with LTE on the maximum number of SU-MIMO spatial layers. 

The maximum number of spatial layers per user should be limited to 8. For some UE categories this number may be lower.

On the maximum number of spatial layers for MU-MIMO
For MU-MIMO the propagation environment can typically support more spatial layers in total compared to SU-MIMO. In NR it should be allowed for spatial multiplexing of more than 8 layers in total to fully maximize the benefit of multi-antenna transmission. One challenge is to allow the DMRS supporting a large number of spatial layers without excessively high pilot overhead. This can be accomplished by not having all DMRS pilots being orthogonal. That is, keep the limit of up to 8 orthogonal DMRS resources, and rely on spatial separation through precoding and different Zadoff-Chu sequences to keep the intra cell interference at a minimum. In order to facilitate guidelines for dimensioning the control signaling, including defining DCI format, it should be considered to cap the maximum number of number of co-scheduled UEs and/or the maximum number of co-scheduled layers.

Observation 2 The total number of spatial layers and co-scheduled UEs in a MU-MIMO transmission impacts the control signaling design.
For MU-MIMO the number of mutually orthogonal DMRS resources should be limited to groups of 8, similar to the DMRS for SU-MIMO. Semi-orthogonality between the groups of DMRS resources is achieved through different Zadoff Chu sequences and spatial precoder separation.


For MU-MIMO spatial multiplexing, consider to introduce a cap on the maximum number of co-scheduled UEs and/or the maximum number of co-scheduled layers. 

Transport block to layer mapping
In LTE, the spatial layers are mapped to transport blocks through a co-called codeword-to-layer mapping. This limits the maximum number of transport blocks transmitted to a single UE to at most two per TTI and component carrier. Allowing for multiple transport blocks has advantages: For rank two and above successive interference cancellation in advanced receivers can be supported. Transport-block specific link adaptation for spatial-multiplexing precoding is another advantage. On the other hand, too many transport blocks come with extra signaling overhead, such as separate ACK/NACKs, CQI reporting and HARQ management, and potentially reduced coding efficency. The transport block to layer mapping in LTE brings a good tradeoff between the pros and cons of having multiple transport blocks. For these reasons it is desirable to adopt the LTE transport block to layer mapping also in NR. 

In some cases, it is beneficial to use layer shifting to maximize the diversity gains between the two transport blocks.

Adopt the LTE codeword to layer mapping also in NR, complemented with optional layer shifting.

Distributed MIMO
Distributed MIMO is a special form of spatial multiplexing where the spatial layers are transmitted from (typically two) non-co-located transmission points. The main benefit with distributed spatial multiplexing is that UEs can be allowed to increase the rank beyond what is supported by either a single TRP (limited in baseband ports) or propagation environment (e.g., under LOS conditions it might be difficult to increase beyond rank two to a single TRP). Transmitting data to a single UE from multiple TRPs obviously creates more interference to neighboring cells and the technique should be used UE specifically, only in the cases where it brings benefit to the UE or the network as a whole. Such dynamic distributed MIMO a form of CoMP as it relies on coordinated scheduling and joint transmission. Disregarding the challenges on backhaul latencies and obtaining appropriate CSI for distributed MIMO, NR should strive to support the possibility to transmit data in a distributed manner. 
Observation 3 	Distributed MIMO is a form of CoMP.
Distributed MIMO transmission may be performed in different ways. If all spatial layers are mixed and linearly combined to be part of the transmission from all TRPs then the UE would see similar propagation parameters (doppler, time dispersion, average gain etc.) on all spatial layers which may simplify channel estimation and make demodulation more robust. Mixed distributed MIMO is essentially identical to the classical single user joint transmission scheme. Another option is to transmit the spatial layers from single TRPs, one transport block per TRP. The UE would probably need to estimate separate propagation parameters for the spatial layers of the two transport blocks. One advantage with distributed transport blocks is that link adaptation can be adapted specifically for each propagation link to reflect difference in pathloss in the propagation paths. Furthermore, the time dispersion within each link might be lower compared to if the links are mixed together.
Observation 4 	Distributed MIMO can either be mixed, where the transport blocks are represented in the signals from all TRPs, or, transport block-distributed where a transport block is transmitted from a single TRP.
To support distributed MIMO in a transparent manner, without support for signaling QCL assumptions, puts more burden on the UE terminals to blindly detect QCL assumptions between ports.
Study the need to specify QCL requirements between DMRS ports to support CoMP operation in general, including distributed MIMO. 
Data precoding relative to DMRS
The baseline assumption in NR should be that DMRS is precoded in the same way as data. This allows for flexibility in how the data is precoded.

Specification should allow all RS used for demodulation to be UE specifically precoded.

In some applications it is beneficial to allow DMRS to be precoded differently compared to data. One case is transmit diversity schemes where precoders change in a predetermined way within a DMRS block. Another case is if the DMRS is shared among multiple UEs in frequency and time. For TRPs with a low number of baseband ports, an extension to DMRS where the RS is shared between UEs instead of being UE specific, could potentially allow for improved processing gain in the channel estimation. In such cases it must be known to the UE what precoder relative to the DMRS that was used in the transmission of data. 

Observation 5 	Transmit diversity schemes often relies on having data preocoded differently relative to DMRS.

Study the need for specifying transmit diversity transmission schemes.

Observation 6 	Processing gain in the channel estimation can in some cases potentially be improved by having a shared DMRS among users in a cell.

Consider to optionally allow sharing of DMRS between users and across transmissions.

Conclusions
In this contribution we discussed general aspects for spatial multiplexing for NR and we propose the following:
1. The maximum number of spatial layers per user should be limited to 8. For some UE categories this number may be lower.
For MU-MIMO the number of mutually orthogonal DMRS resources should be limited to groups of 8, similar to the DMRS for SU-MIMO. Semi-orthogonality between the groups of DMRS resources is achieved through different Zadoff Chu sequences and spatial precoder separation.
For MU-MIMO spatial multiplexing, consider to introduce a cap on the maximum number of co-scheduled UEs and/or the maximum number of co-scheduled layers. 
Adopt the LTE codeword to layer mapping also in NR, complemented with optional layer shifting.
Study the need to specify QCL requirements between DMRS ports to support CoMP operation in general, including distributed MIMO. 
Specification should allow all RS used for demodulation to be UE specifically precoded.
Study the need for specifying transmit diversity transmission schemes.
Consider to optionally allow sharing of DMRS between users and across transmissions.
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