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Introduction
In RAN1 #87 and NR Ad-hoc meeting, the following agreements on transmission schemes for NR has been reached as follows [1][2]:
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
Agreements:
· 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 provide our views on diversity based downlink transmission schemes for rank 1 and rank>1 DMRS based transmission.
Discussion
Diversity based downlink transmission schemes for rank 1
In last meeting, two transparent DMRS based schemes and two non-transparent DMRS based schemes are identified for rank 1 open loop and semi-open loop transmissions. 
Alt.1: Precoder cycling with transparent DMRS
Precoder is transparent in Alt.1, and less standardization effort is required. How to determine the precoder set and cycling method are implementation issues. Compared to non-transparent DMRS based schemes, Alt. 1 is more adaptable to support more scenarios and more types of UE. gNB can choose different precoder set or cycling pattern for different scenarios and different types of UE to achieve trade-off between robustness and efficiency. 
Note that transparent DMRS is already adopted for CL MIMO. To support Alt.1, only enhancement on PRB bundling is needed since achievable diversity order depends on the number of allocated RBs and bundling granularity. Additionally, as OL, semi-OL and CL can share the same framework based on Alt.1, Alt.1 provides the lowest UE complexity among all the candidates.
From the perspective of performance, Alt.1 suffers performance loss compared with Alt.4 in high MCS cases. Another drawback of Alt.1 is that achieving diversity order gain may sacrifice channel estimation performance of DMRS. On the other hand, the number of DMRS ports in Alt.1 is usually fewer than in non-transparent schemes. Thus fewer DMRS overhead is expected. Additionally, for Alt.1, there is no mismatch between the interference experienced by data and by its corresponding DMRS.
Alt.2: Small-delay CDD with transparent DMRS
SD-CDD uses wideband precoding to do first level virtualization, and SD-CDD is introduced among virtualized antennas. Then DMRS ports can be formed after second level virtualization after combination [3]. Wideband precoder can be acquired via statistical channel information. As Alt.2 is also transparent, SD-CDD among virtualized antennas is actually an implementation issue. As PDSCH and DMRS share the same precoder, Alt.2 also requires low specification effort and UE complexity. 
This scheme brings fewer overhead than non-transparent schemes. On the other hand, as joint channel estimation in frequency domain can be performed in larger wideband, channel estimation performance is better than Alt. 1. In addition, interference mismatch can be avoided for Alt.2. The major drawback of this scheme is that it can only be used in the scenario that channels are highly correlated within large allocated bandwidth. 
In some cases, sufficient states of phases need to be cycled in large bandwidth to achieve sufficient diversity order. However, in order to guarantee channel estimation performance, Alt.2 needs to assume flat or slow varying on channel phases in frequency domain. On the other hand, if allocated frequency resources are not enough, Alt.2 cannot achieve significant diversity gain. If multiple virtualized antennas correspond to different TRPs or different polarizations, sufficient cycled states on frequency domain phases are required to do the virtualization. Hence Alt.2 requires large BW to ensure sufficient diversity gain. On the contrary, if the number of channel paths are large, and the paths are diverse in the whole space, achieving good diversity gain and channel estimation performance is a challenge for Alt.2. 
Alt.3:Precoder cycling with non-transparent DMRS
For precoder cycling with non-transparent DMRS, K DMRS ports present virtualized channel with reduced dimension K. Non-transparent precoding cycling is then applied to this transparent virtualized channel. Precoding cycling pattern is known to both gNB and UE by configuration or by pre-defining a fixed pattern or by UE feedback.  One typical scheme is to use rank-1 precoders on virtualized DMRS ports. For example, if each of two DMRS ports is corresponding to virtualized channel at each polarization , the cycled precoders  between two DMRS ports can be defined in the spec for this non-transparent precoding cycling scheme.
Compared with the above transparent schemes, Alt.3 can provide larger diversity gain as RE-level precoder cycling can be achieved. Meanwhile, as Alt.3 does not demand large BW to ensure diversity gain, channel estimation performance is not degraded.  It can improve the channel estimation by applying more bundling on DMRS resources compared to the data. Moreover, Alt.3 can be more adaptable to various antenna configurations compared to Alt.4 as it doesn’t have specific demand on the number of ports/REs. It is also a good scheme to support different degree of semi-open-loop. It can potentially provide higher accuracy on QCL than other schemes. 
Drawbacks of this scheme may have DMRS overhead (depending on the dimension K) and may create interference mismatch to neighboring cells. Although it requires higher UE complexity than transparent schemes, its complexity is expected to be lower than Alt.4. Compared with Alt.4, if configurable precoder cycling set is allowed, it has higher flexibility than Alt.4. Then this scheme can be used to configure different precoder cycling sets for different scenarios and UE types. 
Another way to do precoder cycling with non-transparent DMRS is port level precoder cycling per data REG. In this scheme, rank-1 precoders are used to virtualize DMRS ports, and each DMRS port is associated with one REG within the PRB, i.e., data in this REG uses the same precoder with the associated DMRS port. This approach can achieve similar diversity gain as the typical non-transparent precoder cycling. For each REG, DMRS and data share the same precoder which means this scheme is actually transparent between each REG and its corresponding DMRS port. Hence UE complexity of this approach is not large. However, this scheme may cause larger DMRS overhead than typical non-transparent precoder cycling. For example, if it is required to cycle all four cross-pol co-phasing  within one PRB, four DMRS ports are necessary. Hence this port-level precoder cycling can be considered when the number of cycled precoders is not large, e.g., cross-pol co-phasing cycling.
Alt.4: DMRS based SFBC
SFBC can achieve good diversity gain among all the candidates for the case with small number of antennas e.g. 2. However, as SFBC can only be used for two ports, channel needs to be virtualized into two ports in order to use SFBC if the number of antennas increases. The virtualization can be fixed beam or precoder cycling. Then the performance is degraded as the virtualization may not be best for the channel. For rank>1 diversity transmissions, SFBC cannot be simply expandable. Hence SFBC brings more UE complexity and spec effort.
As SFBC is a pure OL transmission, it achieves best performance for independent DMRS ports. With partial CSI on the relationship between two DMRS ports, SFBC may not be the best. Moreover, SFBC also has interference mismatch issues. The performance of UE in neighbor cells using scheme 1 may be impacted. 
Table I Comparison among diversity schemes
	
	Transparent DMRS based scheme
	Non-transparent DMRS based scheme

	
	 Alt.1
	Alt.2
	Alt.3
	Alt.4

	Standardization effort
	Low
	Low
	 Medium
	Medium

	UE complexity
	Low
	Low
	 Medium
	High

	DMRS overhead
	Low
	Low
	Medium
	Medium

	Versatility
	Medium
	Medium
	High
	Low

	Channel estimation performance
	Low
	Medium
	High
	High

	Diversity gain
	Medium
	Medium
	High
	High

	Interference mismatch
	 No
	 No
	 Yes
	 Yes

	QCL problem
(>1 beams/TRPs)
	 High
	 High
	 Low
	 Medium


Based on the above analysis, the pros and cons of the candidates are summarized in Table I. Generally, transparent schemes have lower UE complexity, spec effort and DMRS overhead if the precoding granularity is not higher than CL MIMO, but it achieves lower diversity gain and channel estimation performance. Considering transparent schemes are simpler, at least Alt.1 and Alt.2 can be supported in NR Phase I. 
Non-transparent DMRS based scheme achieves better performance, and they are more suitable for small amount data transmission. If time permits, Phase I can support Alt.3 and Alt.4 after evaluation as enhancements. 
If non-transparent DMRS based rank 1open loop/ semi-open loop scheme will be supported for higher performance，we prefer Alt.3 considering it is simpler and more adaptable.
Proposal-1:  At least transparent DMRS based scheme should be supported for rank 1 open loop/ semi-open loop transmissions. 
Proposal-2:  If non-transparent DMRS based rank 1 open loop/ semi-open loop scheme is supported for higher performance, Alt.3 is more preferred. 
· Port-level precoder cycling per data REG can be considered when the number of cycled precoders is not large, e.g., the case of cross-pol co-phasing cycling.
Diversity based downlink transmission schemes for rank >1
In last meeting, six alternatives are identified for rank >1 open loop and semi-open loop transmissions. 
Transparent DMRS based schemes includes 
· Alt.1: Precoder cycling with transparent DMRS 
· Alt.2: Small-delay CDD with transparent DMRS
Similar to rank 1, these schemes demand lower spec effort and UE complexity with more flexible precoder. Thus they should be supported in NR Phase I. However, their drawback is lower performance especially for high MCS and fewer allocated resource. They can be further enhanced.
Non-Transparent DMRS based schemes includes
· Alt .3: Precoder cycling with non-transparent DMRS  
· Alt .4: Layer shifting 
· Alt .5 Large-delay CDD with non-transparent DMRS
Generally, Alt. 4 and Alt. 5 are special cases for Alt.3. For example, for rank 2, cycled precoder sets of Alt.4 and Alt.5 are  and, respectively. 
Among the above non-Transparent DMRS based schemes, Alt.4 uses the simplest precoder set with small number of precoders. UE can use the DMRS directly for channel estimation, and does not synthesize the effective channel from DMRS. However, its performance is limited as few number of preocders can be cycled. Moreover, if the target is to support low diversity order, transparent schemes are sufficient. If interleaving is performed for the codeword, layer shifting may not be beneficial. 
Alt.5 employs more complex precoder set design with more precoders, higher diversity gain and higher complexity. However, Alt.5 lacks flexibility for lower ranks. Not all use cases demand complex precoder set design especially for rank 2 since diversity gain may come from different polarizations or different beams. Hence the major use case for Alt.5 is rich scattering environment with more than 2 ranks. 
From our perspective, Alt.3 is more flexible than Alt.4 and Alt.5. As the precoder set can be configurable, Alt.3 can support both simpler cases, such as layer shifting, and more complex cases, such as LD-CDD. It can be adaptable to different scenarios and applications in NR. It also achieves better forward compatibility. If non-transparent DMRS based rank >1 open loop/ semi-open loop scheme will be supported for higher performance, Alt.3 with configurable precoder set is more preferred
Proposal-3: At least transparent DMRS based scheme should be supported for rank >1 open loop/ semi-open loop transmissions. 
Proposal-4: If non-transparent DMRS based rank >1 open loop/ semi-open loop scheme will be supported for higher performance, Alt.3 with configurable precoder set is more preferred.
Conclusions
In this contribution, we discuss different candidate schemes to support DMRS-based OL and semi-OL transmission. Our proposals are listed below
Proposal-1:  At least transparent DMRS based scheme should be supported for rank 1 open loop/ semi-open loop transmissions. 
Proposal-2:  If non-transparent DMRS based rank 1open loop/ semi-open loop scheme is supported for higher performance, Alt.3 is more preferred. 
· Port-level precoder cycling per data REG can be considered when the number of cycled precoders is not large, e.g., the case of cross-pol co-phasing cycling.
Proposal-3: At least transparent DMRS based scheme should be supported for rank >1 open loop/ semi-open loop transmissions. 
Proposal-4: If non-transparent DMRS based rank >1 open loop/ semi-open loop scheme will be supported for higher performance, Alt.3 with configurable precoder set is more preferred.
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