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1 Introduction

In RAN1#87 and AH meetings, the following agreements were achieved. [1][2]
· 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
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS

· DMRS based SFBC

· For rank>1, 

· Precoder cycling with transparent DMRS

· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS

· Large-delay CDD with non-transparent DMRS
In this contribution, we investigate diverse DMRS-based open loop transmission schemes for DL data channel transmission and the relevant views are given.
2 DMRS-based open loop data channel transmission

It is well recognized that both transmission reliability and spectral efficiency would be major design targets for NR MIMO transmission. To meet such targets in an effective and efficient way, demodulation RS has evolved to support data/control channel transmission. Before Rel-14, open loop transmission schemes are demodulated by CRS, and DMRS based open loop transmission schemes have been introduced in Rel-14 in LTE-pro system for extra beamforming gain. 
In NR, considering the benefits of beamforming gain from massive MIMO, DMRS based open loop transmission schemes still should be supported, especially for compensating path loss in high frequency channels. It also follows the fact that there may be no CRS for demodulation, since RAN1 has agreed to minimize transmission of always-on reference signals. As a result, RAN1 has agreed to introduce DMRS based closed loop and open-loop transmission schemes in NR as shown in [1]. In the following, we focus on discussing the details of DMRS based open loop transmission schemes.
2.1 Rank-1 open loop transmission schemes  
Transmit diversity, e. g., SFBC, has been widely used in LTE due to its effectiveness in dealing with fast fading channels as well as other scenarios with no accurate CSI. Given 
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for effective channels of SFBC and normalized noise power, the spectral efficiency of SFBC is well known to be 
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which implies a channel capacity with the full diversity order of two and cannot be provided by any other diversity scheme. In other words, transmission can always enjoy performance improvement over single-port non-diversity transmission regardless of channel correlation level between 
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. Furthermore, it is worth noting that control and data channels both employing transmit diversity transmission could streamline the system design.
From the discussion in the previous meetings in NR, the main concern of SFBC is that the interference covariance matrix may be mismatched. This issue may be incurred if correlation between paired REs for interfering SFBC is not properly considered. The concern, however, can be addressed by proper estimation of interference covariance matrix for SFBC transmission. More details are provided in [3]. 
SD-CDD is the other scheme to be considered in NR DMRS based open-loop diversity transmission. Given 
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 for effective channels of SD-CDD, 
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 for the small phase shift for the kth subcarrier (k = 1, …, K) and normalized noise power, the spectral efficiency of SD-CDD is given by
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which implies a channel capacity with the diversity order less than two especially when 
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 have high correlation. The largest advantage for SD-CDD is that it only requires a DMRS port, thereby requiring less DMRS port overhead.

Several issues of SD-CDD should be studied. Firstly, it is worth noting that the link robustness of SD-CDD totally relies on single port. It implies that SD-CDD transmission, even facilitated with beamformer/precoder cycling, can easily encounter blockage issues in high frequency channels. The second issue of SD-CDD is that it would only bring limited performance improvement over single-port non-diversity transmission for highly frequency selective channels and/or high-correlation channels. 
The aforementioned drawbacks make SD-CDD not a diversity transmission scheme as robust as SFBC, which makes SD-CDD not the best choice for DMRS based open-loop data channel transmission. 
Observation 1: DMRS-based small-delay CDD can easily encounter blockage issues in high frequency channels, and its performance is hardly guaranteed for highly frequency selective channels and/or high-correlation channels.
We provide link-level simulation results of SFBC and SD-CDD with co-channel interference to prove the performance advantage of SFBC. The detailed simulation parameters are given in Appendix. For intended SFBC transmission and SD-CDD transmission, co-channel interference with signal to interference ratio of 0dB is assumed coming from SFBC transmission and SD-CDD transmission, respectively. As shown in Fig. 1, SFBC outperforms SD-CDD with a margin by properly estimating co-channel interference as in [3].
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Fig. 1 Link-level performance of SFBC and SD-CDD
Precoder cycling is the third option for rank-1 diversity transmission. It is worth noting that precoder cycling with non-transparent DMRS (i.e., RE-level precoder cycling) can achieve better performance than with transparent DMRS (i.e., RB-level precoder cycling) by obtaining more frequency diversity gain. As analyzed in [4], SFBC can obtain the full transmit diversity gain, while the precoding cycling and SD-CDD can only obtain the partial diversity gain. As a result, we can observe in [4] that the performance of precoding cycling and SD-CDD is close to each other (SD-CDD seems a little better), and both of them are outperformed by SFBC. 
Observation 2: DMRS-based precoder cycling can only provide performance close to small-delay CDD and inferior to SFBC.
Based on the aforementioned performance and implementation analysis, transmit diversity, i.e., SFBC, would be the good choice for DMRS-based open-loop data channel transmission. 
Proposal 1: NR MIMO transmission should support DMRS based SFBC for data channel transmission.
In order for UEs to directly use effective channels estimated by DMRS for decoding data channels, the same beamforming precoder for both DMRS and its associated data is at least supported.
Proposal 2: DMRS-based transmit diversity should support the same beamforming precoder for both DMRS and its associated data.
One appealing feature of SFBC is that can rely on two relatively independent beams/ports
, which brings extra link robustness to downlink transmission. Even when transmission on one of the beams/ports is blocked (e.g., in high frequency transmission), the transmission on the other beam/port of SFBC is still decodable. Support of such link robustness would be of great significance for both downlink control channel as well as downlink data channel. As a result, DMRS based SFBC for multi-panel/multi-TRP transmission should be supported in NR MIMO transmission.

Proposal 3:  NR MIMO should support multi-panel/multi-TRP based SFBC transmission for downlink data channel as well as downlink control channel.
2.2 Open loop transmission schemes for spatial multiplexing (more than rank-1)
2.2.1 Large delay cyclic delay diversity (LD-CDD)
As it has been used in TM3 of LTE, LD-CDD serves for open-loop spatial multiplexing while CSI is not accurate enough. The interesting part of LD-CDD is that it allows single CQI reporting regardless of the number of codewords due to the introduction of diversity between layers.
The general precoder structure of LD-CDD is composed of a DFT matrix for spatial multiplexing, a matrix for per-subcarrier CDD and a matrix for per-subcarrier/per-RB round robin beamforming. If LD-CDD is to be supported by DMRS demodulation, DFT operation and CDD operation shall be non-transparent for UEs. It is expected that LD-CDD would not support a very large number of MIMO layers due to its open-loop precoding mechanism. Therefore, similar to LTE/LTE-A, LD-CDD should study up to rank-4 data channel transmission in NR.
2.2.2 Layer shifting
In addition, layer shifting is the other way to provide diversity between layers, which also implies the support of single CQI reporting for all layers regardless of the number of codewords.
Compared to LD-CDD, layer shifting has a simpler precoder structure, composed of a layer-permutation matrix and a per-subcarrier/per-RB round robin beamforming. If layer shifting is to be supported by DMRS demodulation, layer-permutation would be only applied on data channel. Although layer shifting requires lower implementation complexity than LD-CDD, it is still unclear how layer shifting is compared to LD-CDD from performance point of view especially with more than two ranks, and more evaluation is needed.
2.2.3 Precoder cycling
By randomizing effective channels across the frequency domain, precoder cycling is also capable of transmitting multiple layers with robustness. It is worth noting that precoder cycling can be combined with layer shifting, thereby introducing the diversity between layers. 
As aforementioned, the performance of precoder cycling relies on low channel coding rate and/or low channel correlation, which, however, would make its application limited in some scenarios. Furthermore, precoding cycling would require the number of DMRS ports twice the number of MIMO layers, which is of too much overhead for multi-rank transmission. Finally, more evaluation is needed to compare the performance between precoding cycling, layer shifting, LD-CDD and their variants. As a result, precoder cycling with respect to its performance and overhead should be studied for open-loop spatial multiplexing transmission of data channel.
Proposal 4: NR MIMO should study LD-CDD, layer shifting and precoder cycling for up to rank-4 open-loop spatial multiplexing transmission of data channel.
3 Conclusions
The contribution analyzes DMRS-based open loop transmission schemes for DL data channel, based on which the following observations and proposals are made.
Observation 1: DMRS-based small-delay CDD can easily encounter blockage issues in high frequency channels, and its performance is hardly guaranteed for highly frequency selective channels and/or high-correlation channels.
Observation 2: DMRS-based precoder cycling can only provide performance close to small-delay CDD and inferior to SFBC.
Proposal 1: NR MIMO transmission should support DMRS based SFBC for data channel transmission.
Proposal 2: DMRS-based transmit diversity should support the same beamforming precoder for both DMRS and its associated data.
Proposal 3:  NR MIMO should support multi-panel/multi-TRP based SFBC transmission for downlink data channel as well as downlink control channel.
Proposal 4: NR MIMO should study LD-CDD, layer shifting and precoder cycling for up to rank-4 open-loop spatial multiplexing transmission of data channel.
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Appendix

Table 1 Simulation parameters

	Carrier frequency
	4GHz

	Subcarrier Spacing
	15kHz

	FFT Length
	2048

	RB size (number of subcarriers)
	12

	number of PDSCH RBs
	20

	Subfame duration
	1 ms

	Tx Antenna
	64 with x-pol

	Rx Antenna
	4 with x-pol

	Antenna Correlation
	0.5

	Precoder type
	Reciprocal based

	Beam cycling granularity
	RB-level

	Channel
	CDL-A

	Delay spread
	1000 ns

	UE speed
	120 km/h


� Two ports of DMRS based SFBC can come from a single beam or two different beams.
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