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1 Introduction

In RAN1 #84bis meeting, it was agreed to evaluate DMRS based open-loop and semi-open loop MIMO schemes. Example schemes were provided below [1], and companies are encouraged to provide detailed transmission and CSI feedback schemes. 
· Alt-1a:  Transparent DMRS (i.e. DMRS and PDSCH precoded identically)

· PMI feedback points to one of N precoding hypotheses, where each precoding hypothesis corresponds to a set of M>1 precoding matrices on a subband

· PMI overhead log2(N) bits, where N can be 1

· Example: 

· PRB-level or subcarrier(s)-level cycling of M precoders

· Cycling for a subset of codebook by Codebook-subset-restriction

· Cycling for i2, not for i1 (W1 reporting only for dual-stage codebook, e.g. Rel.10 8Tx, Rel.12 4Tx, Rel.13 Class A and its possible Rel.14 enhancements)

· Alt-1b:  Non-transparent DMRS (i.e. DMRS and PDSCH precoded differently)

· Received PDSCH signal as y = HW1W2s + n, where, s is unprecoded PDSCH, W2 refers to OL-precoding from L layer PDSCH to D DMRS ports, W1 refers to CL-precoding from DMRS/PDSCH to CSI-RS ports (or non-precoded channel)

· RI/PMI feedback: quantization of W1,  based on H and knowledge of W2

· CQI feedback: quantization of HW1W2

· Example of W2 precoding (open-loop)

· Rank-1: SFBC (RE-level)

· Rank-2: LD-CDD or layer permutation
In this contribution, we first discuss the merits and drawbacks of two mentioned alternatives. Then we give our preferred design on open and semi-open loop transmission and associated CSI feedback. The system level evaluation results are provided to show the performance of our proposed scheme.
2 Discussion on Transmission scheme
2.1 Transparent DMRS
Transparent DMRS scheme retains the conventional usage of DMRS, i.e. directly using channel estimates based on DMRS for PDSCH demodulation, thanks to the identical precoders used for DMRS and PDSCH. To reap the robustness gain in high speed scenario, a group of precoders can be randomly applied to PDSCH and DMRS on RB or RE level.
· Cycling precoders on RB level 
Cyclically using a group of precoders on RB level is a good way to maintain both robustness against high speed and conventional DMRS principles. The precoding process can be expressed as.
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Where 
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 and 
[image: image3.wmf]r

are unprecoded PDSCH and DMRS respectively assuming 
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 layers PDSCH transmission. 
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 represents the precoding from DMRS/PDSCH to CSI-RS ports, and varies depending on the RB index 
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. The precoded PDSCH and DMRS are denoted as 
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Similar with conventional DMRS based close loop transmission, this scheme does not require the knowledge of precoders to demodulate PDSCH. Thus UE can be upgraded easily to support RB level transparent DMRS scheme. However, RB level precoder provides less precoding diversity gain due to coarse precoder granularity in the frequency domain especially for small and medium RB allocation. 
· Cycling precoders on REG level
One possible solution to get more diversity gain is to cyclically use precoders in RE or REG level, which is expressed as 
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where the adopted precoders may vary depending on RE or REG index. An example of using REG level procders is illustrated in Fig.1
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Fig 1. REG level precoders
In this example, one REG contains 4 continuous subcarriers in a subframe. The demodulation of PDSCH in one REG depends on the channel estimates on DMRS within associated REG. 

The drawback of this scheme is bad channel estimation accuracy. Since different row of DMRS are precoded by different precoders, it fails to perform frequency domain filtering even within one RB. 
Therefore, for transparent DMRS scheme we have the following observations: 
Observation1: Transparent DMRS with cycling precoders on RB level suffers from less precoder diversity gain.
Observation2: Transparent DMRS with cycling precoders on REG level suffers from bad channel estimation performance;
2.2 Non-transparent DMRS
2.2.1 Discussion on transmission

Large delay CDD in Rel-8 introduces a variable matrix on PDSCH to make 2 layers PDSCH have the identical channel quality. Since the precoding matrix only applies to data, channel estimation based on reference signal cannot be directly used in PDSCH demodulation. However, since the adopted matrices are both known by eNB and UE, it is easy to recover the channels for PDSCH demodulation from the estimated channel by multiplying local generated matrices on UE side.  
Referring to the same principle, non-transparent DMRS scheme can be designed to support open/semi-open loop transmission. A variant matrix 
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 is multiplied on L layers PDSCH data for PDSCH to DMRS porting. In addition, DMRS and PDSCH are precoded by 
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 to map DMRS/PDSCH to CSI-RS ports. In order to increase the precoder diversity, the matrix 
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 can vary on RE or REG level.  On the other hand, to guarantee the channel estimation accuracy, a set of precoding matrix
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 can be cyclically used on RB or RBG level. The precoding process is illustrated as
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With this scheme, both precoder diversity and channel estimation performance can be guaranteed.
Observation3: With carefully design, non-transparent DMRS can achieve both channel estimation accuracy and precoder diversity gain.

Proposal1: Non-transparent DMRS scheme should be considered for DMRS based open/semi-open loop transmission, where

-  Matrices W1 for DMRS to CSI-RS porting can vary on RB or RBG level

-  Matrices W2 for PDSCH to DMRS porting can vary on RE or REG level
There are two alternatives for 
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 precoding in the case of rank1
· SFBC
· Cycling precoders
SFBC requires a pair of 2 or 4 REs consecutive in the frequency domain. Although it is acknowledged that SFBC has slight better performance than precoders cycling on RE level. SFBC will generate orphan subcarriers due to DMRS or SCI-RS insertion while precoders cycling will not. Thus, we prefer precoder cycling on RE level for rank1 
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 precoding.
For rank2 transmission, LD-CDD or layer permutation have the same effect, i.e. making the channel qualities of the transport blocks close to each other. In the case of more than rank2 transmission, two transport blocks should be transmitted with orthogonal beams. In this case, LD-CDD may fail to exchange beams between transport blocks, then the property of equal channel quality between transports will be lost. Therefore, we think W2 precoding for high rank transmission need further study. 
3 Cycling Precoders design
3.1 Semi-open loop transmission

In Rel10-Rel13, two-stage codebook is designed, where a precoding matrix is indicated by PMI1 and PMI2. PMI1 selects a long-term and wideband precoding matrix including a set of DFT beams. While PMI2 selects one or multiple beams from the selected beam group in first stage and also performs co-phasing between antenna polarizations. 
To save the standardization effort, the codebooks defined in previous release and associated CSI feedback mechanism can be reused to support semi-open loop transmission. As our contribution [2] discussed, the validity of reported PMI depends on many factors, such as UE speed and deployment environment. eNB should have the freedom to configure different PMI feedback types according to UE’s situation. The associated cycling precoders can be designed for each PMI feedback type. Once the PMI feedback type is confirmed, the mechanism of cycling a group of precoders is determined as well. 
Proposal2：Two PMI feedback types should be supported to accommodate various scenarios
· Type1:  PMI1 only feedback

· Type2:  PMI1+PMI2 beam selection

eNB configures the PMI feedback types according to UE’s situation.
In type1 PMI reporting, PMI1 is reported together with the RI and CQI. PMI1 indicates a group of beam vectors, e.g. 4 beam vectors, 
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Taking co-phasing between polarizations into account, the RE level cycling precoder candidates can be 

Rank1:                           
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Rank2: 
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In type2 PMI reporting, long-term and wideband PMI1 and beam selection in PMI2 are reported together with the RI and CQI. By this way, one beam is selected by PMI1 and PMI2 for a subband. Thus, the precoder for DMRS to CSI-RS porting is fixed to 
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 for associated subband, where 
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 is the beam vector selected by PMI2 for corresponding subband, i.e. 
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Cycling co-phasing 
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Rank2:                           
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3.2 Open loop transmission

The Codebook Subset Restriction was defined to indicate a set of codeword candidates where the codebook can be selected from. In Rel-13, the mechanism of CSI reporting without PMI feedback is defined for Class B FD-MIMO type when the parameter pmi-RI-Report is not configured by RRC signaling. Through codebook subset restriction on codebook for each RI is selected and indicated to the UE for RI and CQI derivation. This mechanism can be enhanced in Rel-14 for DMRS based open loop transmission. 

If eNB has the DoA information of the target UE, it can configure several codebooks targeting the desired direction through the signaling of Codebook Subset Restriction. Therefore, for PDSCH transmission, the available codebooks are cyclically used in the frequency domain for the purpose of sweeping several precoders over assigned bandwidth to make the channel appear ergodic. Accordingly, on UE side RI and CQI are derived assuming the indicated codebooks are cyclically adopted in the frequency domain.
In addition, the CSR in Rel-13 can separately restrict i1, i2 and RI. CSR for i1 can be used to indicate a set of beams that can be cycling on RB level for open loop transmission. With the restricted beam(s), co-phasing 
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 can be used for PDSCH on RE level following the aforementioned principles.
4 Evaluation results

In this section, the system level simulation is performed to investigate the performance of semi-open loop transmission. The detailed simulation assumptions are provided in appendix. 
The DMRS based CL transmission TM10 using Rel10 8Tx codebook is as baseline for system evaluation under various UE velocities in 3D UMA channel model. For semi-open loop transmission, two types of CSI feedback and associated cycling precoders schemes are evaluated, and the evaluation results for different UE speed, i.e. 30km/h, 60km/h and 120km/h, are provided in Table1, Table2 and Table3, respectively.
Table1：UE velocity 30km/h, 3D UMA
	　
	5% UPT
	50% UPT
	Average UPT
	RU

	CL TM10
	6.6 (100%)
	28.57(100%)
	30 (100%)
	31%

	PMI1feedback
	6.76(102%)
	28.57(100%)
	30.1(100%)
	31%

	PMI1+partial PMI2
	6.87(104%)
	31(109%)
	31.1(104%)
	28%


Table2：UE velocity 60km/h, 3D UMA
	　
	5% UPT
	50% UPT
	Average UPT
	RU

	CL TM10
	6.1 (100%)
	25.48 (100%)
	27.8(100%)
	34%

	PMI1feedback
	6.24 (102%)
	27.2 (107%)
	28.7 (103%)
	33%

	PMI1+partial PMI2
	6.7 (110%)
	29.2 (115%)
	30.3 (109%)
	30%


Table3：UE velocity 120km/h, 3D UMA
	　
	5% UPT
	50% UPT
	Average UPT
	RU

	CL TM10
	4.92 (100%)
	22.22 (100%)
	25.57 (100%)
	37%

	PMI1feedback
	5.9 (120%)
	27.21(122%)
	28.64 (112%)
	33%

	PMI1+partial PMI2
	5.28 (107%)
	26.0(117%)
	27.78 (109%)
	35%


From simulation results we can see, semi-open loop transmission with two types of PMI feedback outperforms TM10 CL transmission in low, medium and high speed scenarios. However, type2 PMI feedback has better performance in the case of low and medium speed, which means beam selection for each subband is still valid in this case. With the increasing speed, the beam selection for each subband is invalid. Beams in the beam group should be cyclically used in the frequency domain to reap more beam diversity gain. Hence, the type1 PMI feedback has better performance in this case.
Observations4:

· In low and medium speed scenario, the semi-open loop transmission with PMI1 and partial PMI2 feedback has the best performance

· In high speed scenario,  the semi-open loop transmission with PMI1 feedback has the best performance

5 Conclusions

This contribution discusses the DMRS based open/semi-open loop transmission. Through theoretical analysis and simulation, we have the following observations
Observation1: Transparent DMRS with cycling precoders on RB level suffers from less precoder diversity gain;

Observation2: Transparent DMRS with cycling precoders on REG level suffers from bad channel estimation performance;
Observation3: With carefully design, non-Transparent DMRS can achieve both channel estimation accuracy and precoder diversity gain.
Observations4:

· In low and medium speed scenario, the semi-open loop transmission with PMI1 and partial PMI2 feedback has the best performance

· In high speed scenario,  the semi-open loop transmission with PMI1 feedback has the best performance
Hence, we propose

Proposal1: Non- transparent DMRS scheme should be considered for DMRS based open/semi-open loop transmission, where

-  Matrices for DMRS to CSI-RS porting can vary on RB or RBG level

-  Matrices for PDSCH to DMRS porting can vary on RE or REG level

Proposal2：Two PMI feedback types should be supported to accommodate various scenarios

· Type1:  PMI1 only feedback

· Type2:  PMI1+PMI2 beam selection

eNB configures the PMI feedback types to UE according its situation.
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Appendix: 
Simulation Assumptions

	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees.

	
	2 Rx at UE with 
[image: image34.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 30km/h,  60km/h, and 120km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: outdoor in vehicles, 3D-UMa

 Vehicular penetration loss = 9dB with variance of 5dB

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook

	Scheduler
	SU-PF 

	traffic model
	FTP with package size 0.5MB

	Transmit Mode
	TM10 with a single CSI process

	
	SU: rank-adaption, Maximal rank: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3 dB













































































_1523798464.unknown

_1523802757.unknown

_1523811155.unknown

_1524590859.unknown

_1524591058.unknown

_1523811165.unknown

_1523802846.unknown

_1523810995.unknown

_1523802841.unknown

_1523802525.unknown

_1523802750.unknown

_1523801345.unknown

_1523798357.unknown

_1523798447.unknown

_1523798456.unknown

_1523798372.unknown

_1523284380.unknown

_1523430791.unknown

_1523798185.unknown

_1523383435.unknown

_1523429514.unknown

_1523429550.unknown

_1523383477.unknown

_1523290528.unknown

_1523284365.unknown

_1420027014.unknown

