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1. Introduction
In TDD system, MIMO operation usually relies on channel reciprocity.  In TM8 and TM9, UE feeds back CQI based on CRS assuming transmit diversity(TxD) scheme is applied when the UE is configured without RI/PMI reporting.  In TM10,  the channels are inferred from CSI-RS ports for TxD based CQI.  The performance much depends on the UL channel estimation accuracy and TxD based CQI.
In RAN1#82bis, the following conclusion regarding non-PMI feedback has been reached.
Conclusion: 
· Note: Nk=1 for K>=1, the proposal in 6147 is already supported per a previous agreement on R1-156217in RAN1#82bis.
· Proposals in 6273 and 6147 can be further discussed until RAN1#83, on the understanding that they have no RRC impact. 
In this contribution, we compare the schemes in 6273[4] and 6147[5] when K=1.  We present the evaluation results of these two schemes and discuss the standardization impact of the non-PMI based CSI enhancement for TDD.
2. Evaluation results of Beamformed CSI-RS based CSI versus TxD based CQI
In this section, we compare the performance of the following two CSI feedback schemes.  
· TxD based CQI  - UE derives and feeds back the CQI based on the channel measured from CSI-RS and the downlink interference-noise covariance matrix measured from CSI-IMR. When deriving the CQI, the UE assumes TxD scheme is applied.  eNB determines the RI based on SRS and TxD based CQI.
· Beamformed CSI-RS based CQI - UE derives and feeds back the CSI including RI/CQI based on beamformed CSI-RS.  The beamforming weight (eigenvector based) is determined by the eNB based on SRS. The RI is determined based on the processing shown by Figure 1.  
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Figure 1 Determination on RI using Beamformed CSI-RS based CQI 
Table 1 shows the performance of two CSI schemes under  3D-UMi scenario with 8TXRU and 32TXRU.
Table 1:  Simulation results of non-PMI CSI feedback schemes (FTP, UMi) 

	Antenna Configuration (M,N,P,Q) and CSI schemes
	RU
	Mean UE Throughput (Mbps)
	Gain
	50%-tile UE Throughput (Mbps)
	Gain
	5%-tile UE Throughput (Mbps)
	Gain

	(8,4,2,8)
	TxD based CQI(baseline)
	0.79
	21.34
	-
	16.81
	-
	2.66
	-

	
	Beamformed CSI-RS based CQI
	0.72
	23.15
	+8.5%
	19.32
	+15%
	3.45
	+30%

	(8,4,2,32)
	TxD based CQI(baseline)
	0.80
	23.44
	-
	19.51
	-
	2.84
	-

	
	Beamformed CSI-RS based CQI
	0.77
	24.74
	+5.6%
	21.16
	+8.5%
	3.50
	+23.2%

	(4,8,2,32)
	TxD based CQI(baseline)
	0.79
	23.79
	-
	19.51
	-
	3.05
	-

	
	Beamformed CSI-RS based CQI
	0.77
	24.95
	+4.9%
	21.28
	+9.1%
	3.61
	+18.4%


From the above simulation results, it can be observed that there is significant gain obtained from enhancements.  The TxD based CQI appears to be inaccurate because of difficulty of deriving rank and CQI based on SRS and TxD based CQI.    Beamformed CSI-RS scheme provides 4.9%-8.5% gain on mean UPT and 18.4%-30% gain on 5% UPT.  
Observation: CQI Enhancement scheme with eigenvector based beamformed CSI-RS for TDD provides significant gain compared to the legacy approach of TxD based CQI.  
3. Specification Impact on non-PMI based CSI Enhancement 
As shown in Figure 1, the scheme involves rank adaptation based on the different fixed port selections for different ranks.   It is described in [6] that such port selection can be implemented by using unitary precoding matrix codebook.   This approach has several drawbacks listed below.

· UCI Overhead on PUSCH
In the current release, PUSCH feedback modes 2-0 and 3-0 are  supported without PMI reporting.  The overhead is compared between PUSCH 2-0 and PUSCH 2-2 in three bandwidth cases 5MHz,10MHz and 20MHz. in Table 2.
Table 2 Overhead Comparison between PUSCH 2-0 and PUSCH 2-2 
	Field
	Bit width

	
	2 antenna ports
	4 antenna ports
	8 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1
	Rank = 1
	Rank = 2

	Wide-band CQI codeword 0
	4
	4
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2
	2
	2
	2
	2
	2

	Wide-band CQI codeword 1
	0
	4
	0
	4
	0
	4

	Subband differential CQI codeword 1
	0
	2
	0
	2
	0
	2

	Position of the M selected subbands
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	Precoding matrix indicator
	4
	2
	8
	8
	12
	12

	Rank
	1
	1
	2
	2
	3
	3

	Overhead without PMI
	7+L
	13+L
	8+L
	14+L
	9+L
	15+L

	Overhead with PMI
	11+L
	15+L
	16+L
	22+L
	21+L
	27+L

	Overhead without PMI for 5MHz
	12
	18
	13
	19
	14
	20

	Overhead with PMI for 5MHz
	16
	20
	21
	27
	26
	32

	Overhead increase for 5MHz
	33%
	11%
	62%
	42%
	86%
	60%

	Overhead without PMI for 10MHz
	14
	20
	15
	21
	16
	22

	Overhead with PMI for 10MHz
	18
	22
	23
	29
	28
	34

	Overhead increase for 10MHz
	29%
	10%
	53%
	38%
	75%
	55%

	Overhead without PMI for 20MHz
	18
	24
	19
	25
	20
	26

	Overhead with PMI for 20MHz
	22
	26
	27
	33
	32
	38

	Overhead increase for 20MHz
	22%
	8%
	42%
	32%
	60%
	46%


The overhead is compared between PUSCH 3-0 and PUSCH 3-1 in three bandwidth cases 5MHz,10MHz and 20MHz. in Table 3. 
Table 3 Overhead Comparison between PUSCH 3-0 and PUSCH 3-1
	Field
	Bit width

	
	2 antenna ports
	4 antenna ports
	8 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1
	Rank = 1
	Rank = 2

	Wide-band CQI codeword 0
	4
	4
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2N
	2N
	2N
	2N
	2N
	2N

	Wide-band CQI codeword 1
	0
	4
	0
	4
	0
	4

	Subband differential CQI codeword 1
	0
	2N
	0
	2N
	0
	2N

	Precoding matrix indicator
	2
	1
	4
	4
	8
	8

	Rank
	1
	1
	2
	2
	3
	3

	Overhead without PMI
	7+2N
	9+4N
	6+2N
	10+4N
	7+2N
	11+4N

	Overhead with PMI
	9+2N
	10+4N
	10+2N
	14+4N
	15+2N
	19+4N

	Overhead without PMI for 5MHz
	19
	33
	18
	34
	19
	35

	Overhead with PMI for 5MHz
	21
	34
	22
	38
	27
	43

	Overhead increase for 5MHz
	11%
	3%
	22%
	12%
	42%
	23%

	Overhead without PMI for 10MHz
	25
	45
	34
	42
	25
	47

	Overhead with PMI for 10MHz
	27
	46
	38
	46
	33
	55

	Overhead increase for 10MHz
	8%
	2%
	12%
	10%
	32%
	17%

	Overhead without PMI for 20MHz
	33
	61
	32
	62
	33
	63

	Overhead with PMI for 20MHz
	35
	62
	36
	66
	41
	82

	Overhead increase for 20MHz
	6%
	2%
	13%
	6%
	24%
	30%


It can be observed that the overhead increase depends on the deployment bandwidth and number of antenna ports.   The overhead increase can reach up to 86% if it requires unnecessary PMI feedback for using PUSCH 2-2 in TDD.  The overhead increase is up to 42% if it requires unnecessary PMI feedback for using PUSCH 3-1 in TDD.  This means when we use this CSI feedback in TDD FD-MIMO deployment,  we will need to suffer this great amount of additional overhead compared to the legacy approach.  This is unreasonable given that the unnecessary overhead can be  easily avoided by simple change in standardization.
In [7][8], it is proposed to introduce PUSCH mode 1-0 in eCA.  The support of PUSCH mode 1-1 in Rel-13 has been agreed in RAN1#82bis.  It is acknowledged that there is a benefit on CSI overhead to support PUSCH mode 1-0.  Especially for PUSCH mode 1-1 where only wideband PMI and CQI is available, the overhead saving on not requiring unnecessary PMI feedback is tremendous.   
· UCI Performance on PUCCH/PUSCH 

In addition to the overhead, PUSCH/PUCCH will potentially suffers performance degradation if PMI is introduced even though the reported PMI is known to the eNB.  
For PUSCH, if the CQI/PMI UCI payload size is not more than 11 bits, the channel coding scheme adopts  (32, O) Reed Muller code. If the payload size is more than 11 bits, the channel coding adopts tail biting convolutional code.  For PUSCH modes 2-2 and 3-1, most of the payload size is larger than 11bits and thus tail biting convolutional code is applied in most cases.   Assume that the reported PMI is known to the eNB, the binary bits to indicate the reported PMI is regarded as the filler bits of the whole CQI/PMI UCI bits input to the tail biting convolutional coding block. Since the filler bits are consecutive bits in the CQI/PMI UCI, the filler bits cannot be used to improve performance compared to the report type with PMI and CQI. 

For PUCCH, the channel coding scheme adopts (20, A) Reed Muller codes where the code word of the (20, A) code is a linear combination of the 13 basis sequences. Among the report types, type1a report includes subband CQI(x bits), subband PMI(y bits) and subband label(L bits) in the order. Assume that the reported PMI is known to the eNB, the binary bits to indicate the reported PMI is regarded as the filler bits of the whole UCI bits input to the (20, A)  linear block coding block. Since the known subband PMI is located between the unknown subband CQI and the unknown subband label, the generator matrix consisting of  the previous x basis sequences and the last L basis sequences are used for decoding, where the new aforementioned generator matrix is not a good linear block codes.  This means the performance of type 1a is not as good as the performance of the report type 1 with CQI and subband label only in non-PMI feedback case. 

For type 2, the fixed wideband PMI is located after CQI bits.  Performance can be as good as without PMI case.  However, the cost is increased complexity at the eNB side as the eNB needs to perform decoding differently.  This additional complexity can be totally avoidable.
· DMRS bundling in non-PMI modes

In non-PMI modes, DMRS bundling is switched off (which is tied to PMI disabling) as it is more flexible in TDD so that different precoders can be applied to different PRBs.  If we can only support PMI based feedback, it removes this flexibility.  
· Performance of beamformed CSI-RS 

Beamformed CSI-RS has the merit of having extra beamforming gain on CSI-RS so that it boosts up the SINR of the CSI-RS for channel estimation.  If eigen-beamforming weights are formed in the order of its strength, the the port corresponding to the strongest eigenvector would have the most beamforming gain. By applying the virtualization matrix as described in [6],  it is equivalent to doing linear combination of multiple beamforming weights.   The beamforming gain becomes more distributed to all the ports.  This approach potentially degrades the performance because the strongest eigenvector is often more important e.g. for MU operation.  
Given the above analysis, supporting non-PMI feedback modes has the clear benefits over using unnecessary PMI feedback.  Therefore, we have the following proposal.

Proposal: CQI and RI feedback for TDD is supported  in non-PMI feedback modes 1-0,2-0 and 3-0 for Class B CSI reporting with K=1 and Nk>1.  

To standardize this non-PMI feedback scheme, there are two approaches of setting the precoding assumption when the UE derives RI and CQI:

- Define a fixed precoding matrix for each rank as described in [4].
- Using CSR to configure the fixed PMI for each rank.  It is up to the eNB to choose which fixed PMI is used depending on the virtualization. 
4. Conclusion

In this contribution, the evaluation results of TxD based CQI and beamformed CSI-RS based RI/CQI schemes for TDD EBF/FD-MIMO system are provided.   It is observed that the beamformed CSI-RS based RI/CQI scheme for TDD provides significant gain compared to the Rel-11 approach of TxD based CQI.    We also analyze the benefits of supporting non-PMI feedback compared to the standard-transparent approach of PMI based CSI.   Given the clear benefits of supporting non-PMI feedback in terms of overhead and performance, we have the following proposal:
Proposal: CQI and RI feedback for TDD is supported  in non-PMI feedback modes 1-0,2-0 and 3-0 for Class B CSI reporting with K=1 and Nk>1.  
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6. Appendix
Table A.1: System level simulation assumption
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	System bandwidth
	10 MHz

	Channel Model
	 3D-UMi 

	Tx Power
	43dBm 

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 8Tx/32Tx cross-polarized antenna

Receiver: 2Rx cross-polarized antenna at UE

	CQI reporting interval and frequency granularity
	5ms for CQI, 6RB

	Feedback scheme
	Non-PMI feedback schemes as described

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of transmissions
	4

	Traffic model
	FTP 1 with 0.5Mbytes file

	Feedback Assumption
	non-ideal, based on SRS
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