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1 Introduction

At the RAN1 #85 meeting, it achieves the following agreement for DMRS based open loop transmission [1]
· Specify enhancement to support DMRS-based semi-open-loop transmission with the existing numbers of CSI-RS ports as well as the newly supported number of CSI-RS ports, in the following areas 

· CSI reporting scheme with partial PMI feedback, and/or 

· Transmission method with transmit diversity and/or precoder cycling, with possible enhancements to precoder bundling 

· Associated enhancements to DMRS if required

· Further system level simulations (e.g. considering wideband scheduling and BLER targets at high speed) will be conducted in order to identify the exact scheme to be specified. 
In this contribution, we discuss the DMRS based open/semi-open loop transmission and associated CSI measurement and feedback schemes. The simulation results are provided to show the performance gain over legacy wideband scheduling under different UE velocities.
2 Discussion
2.1 Partial PMI feedback
In two-stage codebook, the PMI can be divided into PMI1 and PMI2, where PMI1 refers to a group of beams and has the characteristic of long term and wideband reporting. PMI2 contains information of beam selection among the beam group and co-phasing between polarizations. Partial PMI feedback may includes
·  PMI1 only feedback
·  PMI1+ partial PMI2 feedback
Which part of PMI should be reported depends on whether they are valid from when UE measures it to eNB adopts it for PDSCH transmission. In our evaluation, two types of partial PMI feedback show performance gain over legacy close loop transmission respectively in terms of UE’s situations. For instance, PMI1+ partial PMI2 feedback is more suitable for low and medium UE speed, and PMI1 only feedback shows the significant gain under high speed scenarios. Therefore, we propose to specify both types of partial PMI feedback to optimize the performance for various environments and velocities.
Proposal1: Specify two types of partial PMI feedback for DMRS based semi-open loop transmission 
· Type1: PMI1 only feedback
· Type2: PMI1+ partial PMI2 feedback
The other case is that eNB has direction information of the target UE in some way, such as measurement on SRS. eNB can configure several codebooks targeting the desired direction through the signaling of Codebook Subset Restriction. For instance, codebookSubsetRestriction1 can be used to indicate one or several beams that are allowed to be used for CQI/RI measurement. With this mechanism, UE doesn’t need to report partial PMI any more. After receiving the CSR signaling, UE is aware of the allowed codebooks. UE can correctly demodulate subsequent PDSCH if it follows the same principle of codebook utilization as eNB. In addition, the CQI and RI are derived by assuming PDSCH are transmitted using indicated codebooks. Hence, we propose to use the signaling of codebookSubsetRestriction to support DMRS based open loop transmission.
Proposal2: Signaling of CodebookSubsetRestriction is used to support DMRS based open loop transmission
2.2 Transmission Scheme
For PDSCH transmission, beamforming gain can be achieved with the assistance of partial reported PMI. In addition, cyclically using fast changed PMIs on PDSCH can harvest diversity gain in high speed scenario. There are two options for cyclically using fast PMIs

·  Scheme1: Cycling PMI on RB level
·  Scheme2: Cycling PMI on RE level

For scheme1, PDSCH and DMRS in one RB or RBG are weighted by the same precoder. UE is not required to know the precoder adopted for each RB, which reduce the processing complexity on UE side. However, cycling precoders on RB level provides less precoding diversity gain due to coarse precoder granularity in the frequency domain. The performance will be degraded especially for small and medium bandwidth allocation. 

For Scheme2, cyclically using precoders on RE level can harvest more diversity gain over scheme1. However cycling precoders on RE level for DMRS will damage the channel estimation performance due to failing to perform filtering of DMRS in one RB.
One proper way is to cyclically use one set of precoders on RB level for DMRS and cyclically use of the other precoders on RE level for PDSCH.  The relationship of precoders for DMRS and PDSCH can be expressed as
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In the following section, we discuss the transmission schemes for two types of partial PMI feedback.
· PMI1+ partial PMI2 feedback 

Assuming the matrix of W1 indicated by PMI1 is 
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With beam selection in PMI2, one beam is selected for each subband. For a given subband, the beam vector 
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 is selected. The precoding matrix for DMRS to CSI-RS porting is 
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. By this way, two DMRS ports will be generated for rank1 and rank2 as
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where 
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 are the DMRS symbol for the 1st and 2nd DMRS port.

For PDSCH transmission, cycling co-phasing 
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on RE level is to harvest diversity gain. Therefore we have                      
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For rank1, 
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For Rank2:                           
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· PMI1 only feedback 

Wideband PMI1 reporting indicates a group of beam vectors, e.g.
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A group of precoders cycling on RB level for DMRS can be constructed as 
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Taking co-phasing between polarizations into account, the RE level cycling precoder for PDSCH can be 
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For rank1, 
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For Rank2:                           
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Therefore, we have the following proposals

Proposal3: Non-transparent DMRS should be specified for DMRS based open loop transmission, where

· Precoders for PDSCH 
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· Precoders for DMRS 
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 are cycled on RB level
· Multiplication matrices 
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2.3 CQI/RI Derivation

Besides the transmission method, CQI/RI derivation should be specified in Rel14. As we discussed, two types of PMI reporting have separate deployment scenarios. 
For PMI1 only feedback, UE should assume beams and co-phasing are cyclically used for PDSCH transmission in the system bandwidth or eNB configured bandwidth. Therefore, wideband CQI and PMI1 can be derived assuming beams are cycled on RB level and co-phasing is cycled on subcarrier level. In this case, subband PMI and CQI reporting is not supported.
For PMI1+ partial PMI2 feedback, the beam selection for corresponding subband still works. Both subband and wideband PMI/CQI reporting should be supported. For instance, for PUSCH3-2 reporting type, UE should select one preferred W1 for the entire bandwidth. In addition, one best beam is selected form W1 for each subband. CQI for each subband is derived assuming using selected beam and cycling co-phasing on subcarrier level in associated subband. 

Based on the discussion above, we propose

Propose4: For PMI1 only feedback, subband PMI and CQI reporting is not supported

For PMI1+ partial PMI2 reporting, both wideband and subband PMI/CQI reporting can be supported.
3 Performance evaluation
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 agreement from RAN1#85 meeting is to consider wideband scheduling for evaluation. In the simulation, besides CL transmission with PUSCH3-2 reporting, wideband PMI reporting PUSCH3-1 is evaluated as well under various UE velocities in 3D UMA channel model. For semi-open loop transmission, two types of CSI feedback and associated cycling precoder schemes are evaluated, and the evaluation results for different UE speed, i.e. 30km/h, 60km/h and 120km/h, are provided in Table 1, Table 2 and Table 3, respectively.
Table1：UE velocity 30km/h, 3D UMA
	　
	5% UPT
	50% UPT
	Average UPT
	RU

	CL TM10 (PUSCH3-2)
	6.6 (100%)
	28.57(100%)
	30 (100%)
	31%

	CL TM10 (PUSCH3-1)
	6.7 (101%)
	27.21 (95%)
	29.4 (98%)
	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 (PUSCH3-2)
	6.1 (100%)
	25.48 (100%)
	27.8(100%)
	34%

	CL TM10 (PUSCH3-1)
	6.13 (100%)
	24.1 (95%)
	27.1 (97%)
	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 (PUSCH3-2)
	4.92 (100%)
	22.22 (100%)
	25.57 (100%)
	37%

	CL TM10 (PUSCH3-1)
	5.5 (112%)
	23.81 (107%)
	26.3 (103%)
	36%

	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.

Observations:

· 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
4 Conclusions
This contribution discusses the transmission scheme for DMRS based open/semi-open loop as well as associated PMI reporting. Through system level simulation, we observed

Observations:

· 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: Specify two types of partial PMI feedback for DMRS based semi-open loop transmission 

· Type1: PMI1 only feedback
· Type2: PMI1+ partial PMI2 feedback
Proposal2: Signaling of CodebookSubsetRestriction is used to support DMRS based open loop transmission.
Proposal3: Non-transparent DMRS should be specified for DMRS based open loop transmission, where

· Precoders for PDSCH 
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· Precoders for DMRS 
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· Multiplication matrices 
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Propose4: For PMI1 only feedback, subband PMI and CQI reporting is not supported; 
For PMI1+ partial PMI2 reporting, both wideband and subband PMI/CQI reporting can be supported.
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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: image28.wmf]0.5
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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
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