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Introduction
In 3GPP RAN1#87 [3], it is agreed to support the following DMRS based DL MIMO transmissions for data:
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


In this contribution, we discuss about the design of open- and semi-open-loop transmissions for NR.
Discussion on open- and semi-open-loop transmission
Open- and semi-open-loop transmission in LTE
In LTE specification, SFBC/FSTD and large delay CDD are supported as open-loop transmission schemes. Both SFBC/FSTD and large delay CDD operate without any UE feedback on preferred precoding. Instead of having a UE feedback the preferred precoding, the precoding to be applied for SFBC/FSTD and large delay CDD are defined in the specification. Therefore, a UE needs only to report back the CQI while assuming the eNB would apply the pre-defined precoding. 
In SFBC/FSTD transmissions, each modulation symbol is transmitted on 2 layers such that it is received with diversity in frequency domain. Compared to SFBC, in large delay CDD transmissions, modulation symbols of two transport blocks are mapped to multiple layers whose precoding is rotated in a cyclic manner and then transmitted on virtual antenna ports which is also rotated in a cyclic manner. Again as in SFBC/FSTD, the application of precoding on the transmitted symbols is predefined in the specification. Since the UE has prior knowledge on what precoding will be applied on the transmitted signals, it only needs to report back the CQI (and RI for large delay CDD). In this scheme, UE estimates the CRS ports first and applies the pre-defined precoding for SFBC/FSTD and large delay CDD. The specification was designed in this manner due to the limited number of TXRU’s that was under consideration when Release 8 was developed. In contrast to CRS based open-loop transmission, DMRS based semi-open-loop transmission is agreed in Rel.14 eFD-MIMO to support DMRS based diversity transmission with relatively large number of CSI-RS ports (up to 32 ports).
Figure 1 shows a concept of semi-open-loop transmission compared to closed-loop and open-loop transmissions.
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Figure 1 Concept of semi-open-loop transmission
In semi-open-loop transmission in eFD-MIMO, support of SFBC for rank 1 and precoder cycling for rank 2 is decided. For semi-open-loop transmission, in order to provide high reliability, UE reports wideband PMI to indicate an approximate information. Based on the reported wideband PMI, UE applies single beam which is indicated by codebook subset restriction. For the decoding of rank1 transmission, UE assumes non-transparent DMRS which allows different precoding between DMRS and data. Based on the estimated channel via DMRS, UE decodes its data based on the predefined precoding between data and DMRS. In contrast to rank1 transmission, UE assumes transparent DMRS which allows identical precoding between DMRS and data. Based on the transparent DMRS, RE level port cycling is considered to apply RE level co-phase cycling. 
As discussed above, open-loop and semi-open-loop transmission in LTE is designed differently since design target of each scheme was totally different (e.g. RS transmission (CRS or CSI-RS/DMRS), number of antenna ports) However, different designs of open- and semi-open-loop are not beneficial in the aspect of UE complexity and interference estimation. Therefore, it is preferred to streamline the design to a common framework by removing redundant features in NR. 
Observations: 
· In LTE, following transmissions are supported.
· CRS based open-loop transmission: CRS based SFBC/SFTD and large delay for rank 1 – 4 transmission without PMI reporting. 
· Semi-open-loop transmission: SFBC and precoder cycling for rank 1 – 2 transmission with wideband PMI reporting. 
· For rank 1 and 2, non-transparent DMRS (different precoding between DMRS and data) and transparent DMRS (identical precoding between DMRS and data) are supported, respectively. 
· Independent designs of open- and semi-open-loop due to different design targets.
· However, different designs are not beneficial in the aspect of UE complexity and interference estimation. 
Proposal: 
· Streamline the design to a common framework by removing redundant features in NR. 
Transmission scheme terminology in NR
In addition to a common framework for open- and semi-open-loop, the terms ‘open-loop’ and ‘semi-open-loop’ should be revised. Used in UMTS and LTE, the terms  ‘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  or simply a characteristic of the transmission scheme. 
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] and [3]) 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.
Observation: 
· For NR, terms open- and semi-open-loop are not appropriate since same transmission scheme can in fact be used with two different CSI acquisition settings. 
Proposals: 
· Streamline the design to a common framework by removing redundant features in NR. 
· 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.
Required specification support for TS 2
In order to maximize benefits of TS 2, following specification support should be considered:
· Support of precoder cycling: As discussed above, having a common framework for open- and semi-open-loop is preferred in NR transmission scheme design. In addition to open- and semi-open-loop, the design principle should be applied to the design of low rank and high ranks. In semi-open-loop in LTE, SFBC for rank 1 and precoder cycling for rank2 are adopted. However, such differentiation of transmission scheme between rank 1 and rank 2 leads to high UE complexity due to different structure. While precoder cycling requires simple UE structure due to the usage of transparent DMRS, SFBC requires high UE complexity since UE should apply additional operation due to its double dimension of transmission scheme. In addition, it should be noted that transparent DMRS is already adopted for TS 1. If NR supports precoder cycling for TS 2, then UE requires only one DMRS estimator for both TS 1 and TS 2. However, UE requires additional hardware to decode predefined precoding due to different precoding between DMRS REs and PDSCH REs. At the same time, the performance benefits of SFBC is unclear. The extra spatial diversity gain offered by SFBC (over precoder cycling) is present only for very high channel coding rate (i.e. corner cases). 
· Support for semi open-loop CSI: For low number of CSI-RS ports (e.g. 2, 4 and 8), approximate directional information is not needed. However, diversity transmission with all possible directions is not appropriate considering supportable number of precoders when UE supports large number of CSI-RS ports (e.g. 16 and 32). In order to narrow down the range of precoder cycling, support of partial PMI should be supported. Additionally, applied precoder assumption should be changed in RE level to provide accurate information and maximize diversity gain. 
· Support of multi-user spatial multiplexing: MU-MIMO transmission for TS 2 is another issue that should be considered. When multiple UEs are simultaneous scheduled on the same resource, the 2-dimensional antenna array and the larger number of TXRU’s can be utilized to separate the signals in spatial domain. Combined with open-loop transmissions, multi-user spatial multiplexing can be used to enhance the system performance. For example, multi-user spatial multiplexing can be applied in the different beam group for while open-loop transmission is applied on the selected beam group.
Observations: 
· SFBC requires additional UE complexity due to the different structure between TS 1 and TS 2.
· However, performance benefit of SFBC is unclear. 
· For large number of CSI-RS ports, approximate directional information with accurate channel quality feedback is needed.
· MU-MIMO transmission is also beneficial for TS 2.
Proposals: 
· Support precoder cycling for TS 2. 
· Support partial PMI feedback with TS 2 CQI. 
· Support MU-MIMO transmission for TS 2.
Conclusions
In this contribution, open- and semi-open-loop transmission for NR are discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· In LTE, following transmissions are supported.
· CRS based open-loop transmission: CRS based SFBC/SFTD and large delay for rank 1 – 4 transmission without PMI reporting. 
· Semi-open-loop transmission: SFBC and precoder cycling for rank 1 – 2 transmission with wideband PMI reporting. 
· For rank 1 and 2, non-transparent DMRS (different precoding between DMRS and data) and transparent DMRS (identical precoding between DMRS and data) are supported, respectively. 
· Independent designs of open- and semi-open-loop due to different design targets.
· However, different designs are not beneficial in the aspect of UE complexity and interference estimation. 
· For NR, terms open- and semi-open-loop are not appropriate since same transmission scheme can in fact be used with two different CSI acquisition settings. 
· SFBC requires additional UE complexity due to the different structure between TS 1 and TS 2.
· However, performance benefit of SFBC is unclear. 
· For large number of CSI-RS ports, approximate directional information with accurate channel quality feedback is needed.
· MU-MIMO transmission is also beneficial for TS 2.
Proposal: 
· Streamline the design to a common framework by removing redundant features in NR. 
· 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.
· Support precoder cycling for TS 2. 
· Support partial PMI feedback with TS 2 CQI. 
· Support MU-MIMO transmission for TS 2.
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