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1 Introduction  
In 3GPP RAN1#84bis, advanced CSI reporting was discussed and the following was agreed [1]：
Candidates for PMI Enhancement:

· Codebook based (implicit feedback)

· Linear combination codebook (enhanced W2) for Non-precoded CSI-RS and beamformed CSI-RS

· MU CSI (e.g., additional i1, i1,1, or i1,2) 

· Other new or modified codebooks

· Explicit feedback 

· Channel quantization 

· Eigenvector quantization

· Covariance matrix quantization

· Analog feedback

· Note: other schemes are not precluded
In this contribution, we discuss the PMI enhancement alternatives from the performance and overhead perspectives. In addition, the channel design for analog CSI feedback is provided and based on that system level evaluation is performed conditioned on the assumptions agreed in RAN1#84bis meeting [1]. 
2 Discussion on PMI enhancement schemes for advanced CSI reporting  
In this section we discuss several possible approaches for high resolution CSI feedback that concluded in RAN1#84bis meeting [1].
Analog feedback
Analog CSI feedback is one of the PMI enhancement schemes, where channel fading coefficients or eigenvector of channel covariance are directly feedback without quantization. One approach for analog CSI feedback is to modulate the un-quantized information on a series of sequences, and then transmit it to eNB without additional quantization or channel coding. Meanwhile the CQI and RI will be feedback as legacy system. On eNB side, after removing sequences from the received signal, the un-quantized information is recovered. In contrast to the quantized CSI feedback, the analog CSI feedback reaps more gain of accurate CSI without increasing the feedback delay.
Codebook based (implicit feedback)
Linear combination codebook 
Linear combination codebook is one of the codebook based enhancement schemes, where W1 in dual-stage codebook is the same as that defined in Rel. 13, and W2 is enhanced to indicate a set of beam combination factors in a manner of phases. The UE calculates and reports 1st and 2nd PMI where the 1st PMI represents a set of basis vectors and the 2nd PMI stands for combining coefficients relative to the set of basis vectors. And the CSI reporting contents change for rank1 -2 with LC codebook. However, this reporting method leads to performance loss due to reasons listed below: 
· Firstly, the precoding matrix is constructed by combining the continuous beam vectors in W1 with equal gain, i.e. only phases in combining coefficients. However, there is a case where multiple paths fall in only partial beams, which means other beams have weak energy and contribute trivial gain. If the weak beams are included for combination with equal gain, it does not match the real experienced channel perfectly, and damages the system performance. 
· Secondly, the combination coefficients are reported to eNB after quantization with limited bits. The quantization loss is unrecoverable at the eNB side. Some scenario, i.e. MU-MIMO, is extremely sensitive to the CSI accuracy. This kind of quantization loss will lead to performance loss.
· Besides, as the antenna number increases, the design complexity of the codebook based precoding matrix increases.
MU CSI
For MU CSI, there are various techniques where UE should report additional CSIs for MU scenarios. For example, in multiple CSI processes technique, a UE is configured with at least two processes which are associated with the same NZP CSI-RS. And different codebook subset restriction parameters should be used for each CSI processes in order to feedback rank free CSI for SU-MIMO and rank limited CSI for MU-MIMO. Obviously, this mechanism will increase the feedback overhead significantly compared with traditional system. Another MU CSI case is the best and worst companion CSI reporting in order to increase the scheduling flexibility. The overhead issues still exists. Additionally, the complexity of UE implementation will increase due to the complicated report mechanism. Therefore, the feedback and resource overheads will be an intractable issue. 
Explicit feedback 
The explicit CSI feedback such as channel quantization, eigenvector quantization, and covariance matrix quantization was also proposed to improve the accuracy for CSI reporting for both TDD and FDD, where the quantized loss issue still exists. In addition, explicit feedback can be defined as CSI reporting as observed by the receiver without assuming any transmission or reception strategies which is far from the current standard. Therefore, explicit feedback can be studied in the future releases.
According to the above discussions, we can see that analog CSI can better reflect the real channel information than linear combination. And compared with other PMI enhancement schemes, we have the following observation and proposal:
Observation 1: Analog CSI feedback has significant 3 advantages compared with other PMI enhancement schemes:
· High accuracy. 
· Low implementation complexity. 
· Low feedback delay. 
Proposal 1: Analog CSI feedback needs to be specified in Rel-14.
3 Discussion on the channel design for the analog CSI feedback 
3.1    Channel design 
[image: image7.wmf]In contrast to the digital CSI feedback, the analog CSI feedback method feedback the un-quantized CSI without quantization loss. The UE measures the downlink channel based on CSI-RS and implements SVD of the channel covariance to get the eigenvector as the un-quantized CSI.
To save the feedback resource, analog CSI can be feedback on demand, which is similar to aperiodic CSI feedback on PUSCH. UE can modulate each of the elements of the eigenvector on a ZC sequence directly just like the DMRS modulation on PUSCH as shown in  Figure 1.
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 Figure 1 Analog CSI transmission on PUSCH format 2 like channel
The analog CSI of different UE in the same cell can be CDMed on the same time frequency resource through the cycle shifts of the ZC sequence or FDMed on different PRBs. Besides, the analog CSI feedback channel can be scheduled onto the best resource to achieve the frequency scheduling gain. Similar to PUSCH 3-2, all the subband analog CSI can be reported simultaneously on the CSI feedback channel to reflect the whole channel characteristic as shown in Figure 2. In addition, the analog CSI can be feedback in an aperiodic manner for the subsequent data scheduling. 
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Figure 2 Subband analog CSI transmission on PUSCH like channel
3.2    Overhead analysis  
The overhead of analog CSI feedback is analyzed and compared with conventional Rel-12 PMI feedback in the case of 4 ports CSI-RS, where 
· Aperiodic CSI feedback with mode PUSCH 3-2
· 10MHz System bandwidth, 9 subbands
· For Rel-12 PMI feedback, the PMI overhead is calculated based on following typical setting
· PMI-beta-offset = 2.5
· Turbo coding rate=0.3
Analog CSI feedback
For rank1, one eigenvector has 4 elements. However, 3 of them need to be analog feedback since one element can be normalized to be 1. Thus, 9 subbands have 27 elements to be feedback. In the case of rank2, the number of elements is doubled, i.e. 54 elements.
If there are 4 symbols used for DMRS transmission, one RB can transmit 10 elements with ONE cyclic shift. Considering 8 cyclic shifts, one PRB can bear 80 elements. Therefore, it will take 0.34 RB and 0.68 RB to report rank 1 and rank2 eigenvectors, respectively.
PMI feedback
For rank1 or rank2, PMI1 and PMI2 needs 4 bit separately. PMI i1 is wideband-based feedback mode, and PMI i2 is subband-based. Therefore, 9 subbands have 40 bits to feedback. Based on the aforementioned parameter setting, it needs 86 REs to bear this information, i.e. 0.6 RB.
Obviously, the overhead of PMI based CSI feedback and analog CSI feedback is approximately the same. Therefore, there is no overhead issue for analog CSI feedback. 
Observation 2: Overhead for analog CSI feedback is comparable with conventional aperiodic PMI feedback.
4 Evaluation results of the analog CSI feedback  
Figure 3 illustrates the evaluation results of analog CSI feedback comparing to legacy PMI based CSI feedback in FDD system and non PMI based CSI feedback in TDD system with about 70% RU. Wherein, the realistic error modelling for both uplink channel and downlink channel is considered.
For downlink channel measurement, the error modelling for CSI-RS is implemented. And for uplink, the error modelling for UL DMRS channel estimation and the demodulation of analog CSI are both considered in the simulation.
The detailed simulation assumption is provided in the appendix. 
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Figure 3 Performance of analog CSI feedback, PMI based and non PMI based CSI feedback
From Figure 3, it can be seen that analog CSI feedback can bring about 25.10% and 20.48% performance gain for 5% UPT and average UPT relative to PMI based CSI feedback. Furthermore, it can be observed that analog CSI feedback also outperforms non PMI based CSI feedback in TDD system.
Observation 3: Analog CSI feedback can bring about 25.10% and 20.48% performance gain for 5% UPT and average UPT relative to PMI based CSI feedback.
5 Conclusions
In this contribution, we discuss on the PMI enhancement schemes. Then we give the channel design and also provide the performance evaluations of the analog CSI feedback scheme with realistic assumptions. According to the simulation results and analysis, we have the following observations and proposals:
Observation 1: Analog CSI feedback has significant 3 advantages compared with other PMI enhancement schemes:
· High accuracy. 
· Low implementation complexity. 
· Low feedback delay. 
Observation 2: Overhead for analog CSI feedback is comparable with conventional aperiodic PMI feedback.

Observation 3: Analog CSI feedback can bring about 25.10% and 20.48% performance gain for 5% UPT and average UPT relative to PMI based CSI feedback.
Proposal 1: Analog CSI feedback needs to be specified in Rel-14.
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Simulation assumption
	Parameter
	Value

	Scenario
	UMa with 500 ISD and 2GHz

	Antenna 
configuration
	4 antenna, X-polarized: 45/-45 degrees

	
	2 Rx at UE with 
[image: image4.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.897

	UE 
configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on floor

	SRS configuraton
	2Tx at UE with
[image: image5.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	System 
Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Number of UEs per cell
	10

	traffic model
	Burst buffer with 70% RU 

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank adaptation
Max paired UE number: 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 5ms

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

	Handover margin
	3dB


� EMBED Equation.3 ���








_1524683188.vsd
�

2


1


0


3


6


5


4


7


2


1


0


3


...


5


4


N


Subband 0


DL bandwidth


UL bandwidth


analog PMI of subband 0 


analog PMI of subband 1 


analog PMI of subband N 


Subband 1


Subband N


CDM or FDM


UE1


UE2


UE1


UE2


Analog CSI feedback channel


2


1


0


3


6


5


4


7


2


1


0


3


...


5


4


N


Subband 0


DL bandwidth


UL bandwidth


analog PMI of subband 0 


analog PMI of subband 1 


analog PMI of subband N 


Subband 1


Subband N


CDM or FDM


UE1


UE2


UE1


UE2


Analog CSI feedback channel



_1524683189.unknown

_1524683190.unknown

_1524683187.vsd
ZC sequence


IFFT


IFFT


IFFT


IFFT


IFFT


X


X


X


X


X


1 个时隙


RS


IFFT


X


X


IFFT


power



_1524683186.unknown

