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Introduction
In RAN1#86, the following agreement on DL MIMO was made [1]: 
	Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· …
· 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



This contribution addresses two issues related to the highlighted part of the agreement: 
1. Design requirements
2. Transmission methods for DMRS-based spatial multiplexing for DL NR MIMO
3. Codeword-to-layer (CW2L) mapping for DL NR MIMO

DL DMRS-based spatial multiplexing: design requirements
1 
2 
Some basic design requirements are summarized in Table 1. 
· DL DMRS-based spatial multiplexing can be configured to accommodate low- to medium/high-speed UEs. That is, spatial multiplexing is expected to be applicable even for higher speed
· A common design is preferred for above-6GHz as sub-6GHz, but separate designs are also possible if hybrid BF architecture introduces additional constraint(s). 
· Following a design principle from LTE, dual-polarized antenna array is assumed in designing MIMO components such as CSI reporting and codebook (whenever applicable). For >6GHz scenario, the use of multi-panel architecture should be considered. 
· The maximum number of layers for DL NR MIMO is kept the same as LTE. There is no strong motivation to increase the maximum spatial multiplexing gain for each UE as any increase in spectral efficiency from higher-order SU-MIMO transmission is unlikely. Note that due to hardware limitation, the maximum number of layers for >6GHz scenario is expected to be smaller (e.g. in the order of 2 or 4). 

[bookmark: _Ref446608541]Table 1 Basic design requirements
	System aspect
	Design requirement

	Use cases
	Outdoor, indoor, outdoor-to-indoor; 
Macro- and small-cells;
FDD, flexible TDD;
Sub-6GHz and above-6GHz; 
Low to high UE speeds as defined in the requirements for new radio interface;
All relevant services especially eMBB and URLLC

	Antenna array
	Dual-polarized (also multi-panel for >6GHz) 

	Multiple access scheme
	DL: OFDMA

	Max. number of DL layers per UE 
	8



Proposal: Some basic design requirements for DL DMRS-based spatial multiplexing are as follows:
· Strive for a single design to support various use cases, optimized for dual-polarized antenna arrays
· Maximum number of DL layers follow Rel.14 LTE (=8)

[bookmark: _Ref446598629]Transmission methods for DL DMRS-based SM 
3 
To facilitate various use cases such as a wide range of UE speed, a two-tier DMRS-based SM analogous to the schemes supported in Rel.14 eFD-MIMO is proposed. Two transmission methods analogous to closed-loop MIMO and semi-open-loop MIMO in Rel.14 eFD-MIMO are proposed. 
However, the terms ‘closed-loop’ and ‘semi-open-loop’ are accurate only for FDD scenarios where full precoding matrix indicator (PMI) is reported by the UE for ‘closed-loop’ while only partial PMI is reported by the UE for ‘semi-open-loop’. Since the resulting schemes are also relevant for TDD, the terms ‘precoding’ and ‘precoder cycling’ are more appropriate. 
Precoding is especially applicable when accurate CSI is available at the gNB/TRP (for instance, low UE speeds and good cell isolation or inter-cell interference coordination). In this case, the gNB/TRP can transmit data through a narrow directional beam since accurate directional information is available in the CSI report. This directional information can be reported via PMI or other precoding-related feedback which includes both long-term and short-term precoding information. Analogous to LTE, short-term precoding information can be reported as a wideband or subband CSI parameter. This facilitates frequency-selective precoding.
Since accurate CSI is available at the gNB/TRP, the maximum number of DL layers (per UE) of 8 (see Table 1) can be supported.
Precoder cycling is especially applicable when CSI quality is impaired at the gNB/TRP (for instance, high UE speeds and poor cell isolation which causes bursty inter-cell interference known as the flash-light effect). In this case, it is more advantageous for the gNB/TRP to transmit data through a group of directional beams since the UE can only indicate an approximate (or a range of) directional information. For this purpose, precoder (beam) cycling within a small group of beams in frequency domain can be employed. This approximate directional information can be reported via PMI or other precoding-related feedback which includes only long-term precoding information. Such long-term precoding information does not require subband PMI (or precoding-related) reporting. 
Without accurate CSI at the gNB/TRP, the maximum number of DL layers (per UE) of 2 can be supported as high peak data rate is not expected in use cases of interest.
For TDD scenarios, both precoding and precoder cycling can be supported without precoding-related feedback provided that DL CSI can be estimated by exploiting UL-DL short-term reciprocity. In addition, both transmission techniques should facilitate dynamic switching between SU-MIMO and MU-MIMO.  
The above two DMRS-based transmission methods can be applied for different services. For example:
· Both precoding and precoder cycling, along with dynamic rank adaptation and MU scheduling, are applicable for eMBB. Depending on the link between the UE and the gNB, the UE can be configured with either transmission method.
· Both low-rank precoding and precoder cycling are especially suitable for URLLC. With low-rank transmission (such as rank-1), precoding gain is maximized. For high mobility UEs, the combination of long-term precoding and precoder cycling offers an efficient diversity-based scheme for group-based multicasting. For low-mobility UEs, low-rank precoding offers the best performance.
· For eMBMS, precoder cycling seems to be a good scheme when group-based multicasting is desired. For such applications, the ability to configure the number of beams within one beam group (represented by the long-term PMI) is important depending on the configuration for eMBMS.    
Table 2 summarizes the comparison of these two transmission methods.
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	System aspect
	Precoding
	Precoder cycling

	Max. no. DL layers per UE
	8
	2

	Data transmission using
	One directional beam
	A group of beams cycled in frequency domain

	Precoder-related feedback
	Short-term and long-term, wideband and subband reporting can be supported
	Long-term and wideband reporting 



Proposal: Both precoding and precoder cycling (as described in Table 2) should be supported for DL DMRS-based spatial multiplexing (SM) 
· Study required configurability to support various scenarios

Codeword-to-layer (CW2L) mapping 
4 
CW2L mapping includes two components: 1) the number of CWs used for SM (where 1 CW is associated with 1 transport block/codeblock), 2) how a CW is mapped across layers in time and/or frequency. 
For the first component (the number of CWs = NCW), three alternatives are available for L-layer SM transmission:
· Alt1. NCW = 1: Here one CW is mapped/spread across L layers.     
· Alt2. NCW = min( 2, L ): This is the scheme adopted in LTE. When L >2, at least one CW is mapped onto more than one layers. In this case, the number of layers for the first and the second CW is  and , respectively. 
· Alt3. NCW = L: Here one layer is associated with one CW
The number of CWs (=NCW) is related with the following system aspects:
· Overhead, which can be categorized into 3 parts:
· HARQ-related overhead: This includes the required number of HARQ processes (=NCW) which is proportional to HARQ-related DL signalling such as new data indicator (NDI) and/or redundancy version (RV) as well as the number of HARQ-ACK signalled via UL control signals. 
· DL MCS signalling: This includes MCS signalling on DL control signalling (DL-related DCI for DL SM and UL-related DCI for UL SM). The number of MCS fields is equal to NCW. 
· UL CSI reporting: The number of CQIs is in general proportional to NCW. Although payload reduction can be performed by using, e.g. differential CQI (in LTE), NCW CQIs are still needed. 
· Advanced receivers: the larger number of CWs allows the use of MMSE-SIC receiver where the number of serial/successive cancellation is (NCW – 1). The advantage of MMSE-SIC comes not so much due to its detection performance (since ML-type receiver can also be used), but instead its simpler link modelling (abstraction). This allows a reasonably accurate prediction of SINR given a channel measurement from CSI-RS.
· Consequently, when comparing, e.g. NCW = 1 with ML receiver versus NCW = min( 2, L ) with MMSE-SIC receiver, the impact of link modelling/prediction inaccuracy needs to be included. This can be done when link adaptation is performed in the evaluation (whether link level SU-throughput and system-level comparison).  
For the second component (mapping scheme from one CW to layers), three alternatives are available assuming that the first CW (CW0) is mapped across L0 layers:
· Horizontal (H) mapping: Within one OFDM symbol, CW0 is first mapped across frequency domain (sub-carriers) before it is mapped across L0 layers. 
· Vertical (V) mapping: Within one OFDM symbol, CW0 is first mapped across L0 layers before it is mapped across frequency domain (sub-carriers).
· Diagonal (D) mapping: Mapping is done across layers and frequency-domain in a CW level (see our companion contribution [3]) 
As evident, both V and D mappings introduce spatial diversity within one CW. 

Overall, Alt3 results in excessive CSI reporting and HARQ-related overhead. In addition, it has been recognized for LTE that the gain of Alt3 over Alt2 does not justify the extra overhead and complexity associated with it. Therefore Alt3 can be excluded. 
In the absence of performance comparison, however, it is difficult to decide which alternative is superior for NR. It should be noted, however, that NCW = 1 (Alt1) seems to be the simplest alternative and allows potentially better forward compatibility. This, of course, depends on whether advanced receivers applicable to NCW = 1 (such as ML-type) can offer performance comparable to Alt2. 
Therefore, we tentatively conclude that the performance of Alt1 and Alt2 need to be compared especially with advanced receivers. If there is no significant difference, Alt1 is preferred. Then a mapping scheme for Alt1 can be chosen from H, V, or D.    

Proposal: Select one codeword-to-layer (CW2L) mapping scheme by considering the number of CWs (given L layers) and space-frequency mapping in light of overhead and performance with advanced receivers 
· The number of CWs: 1, min(2,L) 
· Space-frequency mapping: H, V, and D 

[bookmark: _Ref446598642]Conclusions
In this contribution, Samsung’s view on DL DMRS-spatial multiplexing is presented. Our proposal can be summarized as follows: 
· Some basic design requirements for DL DMRS-based spatial multiplexing are as follows:
· Strive for a single design to support various use cases, optimized for dual-polarized antenna arrays
· Maximum number of DL layers follow Rel.14 LTE (=8)
· Both precoding and precoder cycling (as described in Table 2 above) should be supported for DL DMRS-based spatial multiplexing (SM) 
· Study required configurability to support various scenarios
· Select one codeword-to-layer (CW2L) mapping scheme by considering the number of CWs (given L layers) and space-frequency mapping in light of overhead and performance with advanced receivers 
· The number of CWs: 1, min(2,L) 
· Space-frequency mapping: H, V, and D

References
[1] [bookmark: _Ref458614461]3GPP, RAN1#86, Chairman’s Notes
[2] [bookmark: _Ref458561479]R1-1612500, Samsung, CSI acquisition for DL NR MIMO
[3] [bookmark: _Ref463005536]R1-1612486, Samsung, Transmission and reception of coordinated interference cancellation
[bookmark: _GoBack]
