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1. Introduction

It was agreed in RAN1#85 to standardize DMRS-based open-loop scheme in Rel.14. Further agreements were reached in RAN1#86 on candidate CSI feedback and PDSCH transmission schemes listed below. 

· Agreement:

· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop

· For dual-stage codebook, 

· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks}

· FFS: reporting i11 and/or i12 for Class A codebooks

· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1

· FFS: reporting i1 and subsampled i2
· FFS: Hybrid CSI with semi-open-loop 
· FFS: Reporting multiple CRIs for CLASS B K>1
· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported
· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported
· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission

· Down selection from the following transmission schemes in RAN1#86bis, including possible combination

· Precoder cycling

· Tx diversity 

· LD-CDD

· Layer Permutation

Conclusion:

· RAN1#86bis: companies need to justify the need for introducing new DMRS pattern(s) to support open-loop/semi-open-loop transmission scheme. Otherwise the proposal in R1-168048 is agreed.
CSI and PDSCH transmission are two tightly coupled issues that should be discussed together. In this contribution we provide our views on the general design framework of OL-MIMO, including both CSI and PDSCH. 

2. DMRS 

At the very high-level, it is desirable to minimize UE implementation impact due to OL-MIMO to encourage UE implementation and commercial deployment. To that end we should strive to reuse as much as possible existing CL-MIMO signal processing modules for OL-MIMO. A complete overhaul of UE implementation should be avoided unless justified by significant performance benefits. 

Channel estimator is one of the most complicated baseband modules. For CL-MIMO, DMRS are precoded identically at least within a PRB to enable channel interpolation within the PRB. Likewise for OL-MIMO, DMRS should be precoded identically at least within a PRB to allow the same level of channel interpolation capability. This makes it possible to reuse the CL-MIMO channel estimation implementation for OL-MIMO, with minor refinement on the bundling sizes. 
Proposal: DMRS REs are precoded identically at least within a PRB. 

For CL-MIMO, PRB bundling across multiple PRB is supported to allow frequency domain channel interpolation. Non-trivial gain due to PRB bundling has been well documented in the Rel.10 studies. For OL-MIMO, DMRS beamforming granularity (e.g. wideband vs. subband) need to be studied. Wideband precoding on DMRS enables PRB bundling and frequency interpolation gain, whereas, subband DMRS beamforming (e.g. subband equal to PRB) achieves better diversity gain. A tradeoff between frequency cycling diversity gain and channel interpolation gain should be studied to determine the beamforming granularity of DMRS. 
Proposal: Study and down-select between per-PRB cycling vs. wideband beamforming on DMRS, taking into account frequency diversity gain and PRB bundling gain. 

3. PDSCH 

The received PDSCH signal can be expressed as  
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virtualization matrix from CSI-RS to DMRS, and  
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virtualization matrix from DMRS to PDSCH. Herein 
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denote the number of receive antennas, CSI-RS ports, DMRS ports and transmission rank. 
In the following we compare several PDSCH transmission schemes.

3.1. PDSCH with non-precoded DMRS

DMRS ports and CSI-RS ports are assumed identically precoded and there is a one-to-one mapping between CSI-RS and DMRS. This is mostly applicable to Class B K = 1 CSI-RS configuration with 2/4 port single-stage codebook. For instance, with 2 CSI-RS ports, 2 DMRS ports are transmitted for rank-1 and rank-2 PDSCH. For 4 CSI-RS ports, 4 DMRS ports are transmitted for rank-1 to 4 PDSCH. This transmission scheme can be easily introduced by reusing the existing LD-CDD scheme (TM3), wherein the transmitted signal is expressed as
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where per-RE precoding matrix 
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cycling is same as in TM3. 
· Pros: 
· Minimum specification impact,  can be standardized quickly
· Minimum change to DMRS and channel estimator implementation
· Enables wideband PRB bundling on DMRS,  superior channel estimation performance
· Cons:
· For rank-3/4, large DMRS overhead (10%), but only if rank-3/4 is supported.
Proposal: For Class B K = 1 with 2/4 port single-stage codebook, adopt LD-CDD type precoding (TM3-like). 
3.2. PDSCH with precoded DMRS

3.2.1 Precoder cycling (all ranks, including rank-1)
With precoded DMRS, 
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DMRS ports are created by virtualizing the 
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 comprises a single beam. For instance, for dual-stage codebook, a single beam (e.g. 
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 in the group of beams corresponding to 
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 is used to virtualize the DMRS , wherein PDSCH is expressed as 
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Herein DMRS is virtualized by 
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. For PDSCH to DMRS virtualization, RE-level operation is performed with  
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 cycling, where 
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Fig. 1: Cycling vs. no cycling of virtualization beam for DMRS

The report of 
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 indicates a grid of beams in the first-stage codebook (e.g. indicated as 
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).  As discussed in the previous section, DMRS should be precoded identically at least within a PRB. Whether DMRS precoding is per-PRB (cycling), or wideband (without cycling) has two alternatives:
· Alt-1.1. Beam cycling per PRB (e.g. for four consecutive PRB,
[image: image32.wmf]4

3

2

1

1

,

,

,

v

v

v

v

V

=

).
· Beam cycling diversity , but gain may be small
· Lacks PRB bundling gain, poor channel estimation 
· Alt-1.2: No beam cycling, wideband beam (e.g. 
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in system bandwidth)
· No beam cycling diversity, but gain is likely marginal 
· PRB bundling gain, good channel estimation performance
An illustrative diagram is provided in Figure 1. System-level simulation is needed to narrow-down between alt-1.1 and alt-1.2, by explicitly modeling PRB bundling in the channel estimator.
Proposal: Down-select between per-PRB beam cycling or wideband beam on DMRS, with co-phasing cycling for PDSCH.
3.2.2 Rank-1
For rank-1, TxD and beamforming are candidate schemes. For TxD, two DMRS ports are virtualized by V1, and two ports PDSCH in adjacent REs are precoded with SFBC. SFBC on PDSCH can be done with per-PRB cycling of DMRS, or wideband DMRS beamforming. 
It is well known that TxD offers extra diversity gain in addition to array gain of beamforming, which results in superior rank-1 performance as shown by system-level simulation (c.f. [3]). Given that the gain of TxD over beamforming is substantial, it is slightly preferable to use TxD for rank-1.  

4. Conclusions
In this contribution we discussed CSI feedback and PDSCH transmission scheme for OL-MIMO. Based on this contribution our proposal is below:

Proposal: 
DMRS REs are precoded identically at least within a PRB. 

Proposal: 
For single-stage codebook (Class B, 2/4 CSI-RS ports), adopt LD-CDD type of precoding. 

Proposal: 
For dual-stage codebook, 
· Rank-1: SFBC on PDSCH,
· Rank-2: RE-level co-phasing cycling on PDSCH, 

and down-select between per-PRB beam cycling and wideband beamforming on DMRS.
5. References

[1] R1-168446, “WF on semi-open-loop transmission”, Samsung, Nokia, ASB, ZTE, ZTE Microelectronics, CATT, KT Corporation, RAN1#86, Gothenburg, Sweden, 22th – 26th August 2016
[2] R1-168048, “WF on DMRS-based open-loop/semi-open-loop,” CATT, Nokia, ASB, CATR, Huawei, HiSilicon, InterDigital, Intel, Qualcomm, RAN1#86, Gothenburg, Sweden, 22th – 26th August 2016
[3] R1-164225, “Evaluation of DMRS-based open-loop and semi-open-loop,” CATT, RAN1#85, Nanjing, China, May 2016


_1535791152.unknown

_1535793989.unknown

_1536494497.unknown

_1536494509.unknown

_1536494550.unknown

_1536494597.unknown

_1536494503.unknown

_1536494463.unknown

_1536494477.unknown

_1535833768.unknown

_1535833800.unknown

_1536272757.unknown

_1535833792.unknown

_1535794144.unknown

_1535794273.unknown

_1535791700.unknown

_1535792167.unknown

_1535793817.unknown

_1535792137.unknown

_1535791165.unknown

_1535791687.unknown

_1535791113.unknown

_1535791145.unknown

_1535791134.unknown

_1535791124.unknown

_1535790280.unknown

_1535790342.unknown

_1535790354.unknown

_1535790228.unknown

