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Introduction
In RAN1#87, the following agreement on DL MIMO was made [1]: 
	Agreements:
· 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
· Note: spatial multiplexing and rank-1 are included
· 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



This contribution addresses two issues related to the highlighted part of the agreement: 
1. Transmission scheme terminology
2. Scheme 1 and 2 – further consideration 

Transmission scheme terminology
1 
2 
The agreement comprises the support of two transmission schemes: Scheme 1 (closed-loop transmission) and 2 (open-loop and semi-open-loop transmission). From such descriptions, there is some inherent coupling between CSI reporting and transmission scheme. In this case, the term ‘closed-loop’ refers to the use of PMI (or, in general, spatial information) feedback from the UE. The terms ‘open-loop’, on the other hand, construes the absence of PMI (spatial information) feedback from the UE. Likewise, ‘semi-open-loop’ implies the use of partial PMI such as the scheme supported in Rel.14 eFD-MIMO. 
Used in UMTS and LTE, the terms ‘closed-loop’, ‘open-loop’, and ‘semi-open-loop’ can be appropriate since transmission scheme and the content of CSI reporting are intentionally coupled, either to form a transmission mode (such as TM3 and TM4) or simply a characteristic of the transmission scheme (such as ‘semi-open-loop’ scheme of Rel.14 eFD-MIMO). 
For NR, however, this paradigm has outlived its usefulness since the use of scalable/flexible CSI framework (agreed in RAN1#86bis and refined in RAN1#87, see also [2]) largely decouples transmission scheme from CSI acquisition. The terms ‘closed-loop’, ‘open-loop’, and ‘semi-open-loop’ are inefficient at best (and misnomers at worst) for NR, even for Rel.14 eFD-MIMO. For example, both LTE TM3 and the so-called ‘semi-open-loop’ of Rel.14 eFD-MIMO utilize the same transmission scheme: precoder cycling. The two are different in the use of PMI feedback and CQI calculation (in addition to the RS type). TM3 is PMI-less and reports only one CQI regardless of RI. Rel.14 eFD-MIMO semi-OL, on the other hand, uses i1-only reporting (partial PMI) and up to 2 CQIs depending on RI. That is, the same transmission scheme can in fact be used with two different CSI acquisition settings. Even more examples which demonstrate the need for abandoning such a paradigm can be given when different eMIMO-Types and hybrid CSI are further considered.
Based on the above discussion, the following proposal is made. A similar proposal is also made for UL MIMO in a companion contribution [3]. 

Proposal: Remove the misleading association between Scheme 1/2 and ‘closed-loop’/’open-loop’/’semi-open-loop’ and simplify the description as follows:
· Transmission scheme 1 (TS 1): 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
· Transmission scheme 2 (TS 2): diversity-based scheme 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
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3 
The support of TS 1 and TS 2 facilitates a two-tier DMRS-based SM analogous to the schemes supported in Rel.14 eFD-MIMO. 
TS 1 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. In addition, 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.
TS 2 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 with diversity operation. For example, if precoder cycling is chosen for TS 2, data transmission is performed through a group of directional beams. From UE perspective, 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, lower maximum number of DL layers per UE of 2, or at most 4, is supported (see Table 1).
While there are several candidates for TS 2 (as captured in the agreement), we propose to choose precoder cycling in frequency domain as argued in our companion contribution [4]. With this choice, there is no need for another transmission scheme for NR.  
For TDD scenarios, both TS 1 and TS 2 can be supported without precoding-related feedback provided that DL CSI can be estimated by exploiting UL-DL short-term reciprocity. 
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	System aspect
	TS 1
	TS 2

	Max. no. DL layers per UE (per DL assignment)
	8
	2 or 4

	Data transmission using
	One directional beam
	A group of beams cycled in frequency domain (precoder cycling)

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



Proposal: NR supports transmission scheme (TS) 1 and 2 as described in Table 1
· TS 2 utilizes precoder cycling in frequency domain
· No other transmission scheme is supported, at least for DL data transmission 
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In this contribution, Samsung’s view on DL DMRS-spatial multiplexing is presented. Our proposal can be summarized as follows: 
· Remove the misleading association between Scheme 1/2 and ‘closed-loop’/’open-loop’/’semi-open-loop’ and simplify the description as follows:
· Transmission scheme 1 (TS 1): 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
· Transmission scheme 2 (TS 2): diversity-based scheme 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
· NR supports transmission scheme (TS) 1 and 2 as described in Table 1
· TS 2 utilizes precoder cycling in frequency domain
· No other transmission scheme is supported, at least for DL data transmission 
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