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1. Introduction

In RAN1 62bis meeting, several WFs on extending PUSCH based CQI reporting have been presented but not agreed in [1], [2].  It has been stated in [1] that one additional wideband rank 1 PMI will be reported when RI>1. And in [2] if PUSCH 3-2 is supported, one suband PMI will be reported per N subbands and N is still FFS and the most straight forward way is to set N to be 1. Seems most companies proposing CQI/PMI enhancement beyond PUSCH 3-1 are considering sending more PMIs. In this contribution, we give our view on the usage of the additionally reported PMI for PUSCH 3-1 extension and PUSCH 3-2.
2. Usage of multiple PMI reports
It is well known that compared with SU-MIMO, MU-MIMO is more sensitive to CSI feedback accuracy. With the same codebook as Rel.8 for 4Tx antenna as agreed in [3], it is not possible to reduce the CSI quantization error using one PMI report. However, if two PMIs are reported and both are related to the same band, it is still possible to reduce the CSI quantization error for this band without defining a new codebook. Figure 1 gives one example how two rank 1 W2 PMI can be used together to recommend a W2 precoder. 8 DFT vectors are assumed in this case and the UE’s optimum precoder is in the direction of the red arrow. And the W2 precoder interpolated by both W2 PMIs is in the direction of the blue arrow. And the CSI quantization error between the red arrow and blue arrow is much smaller than that of using either of the W2 PMI alone.
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Figure 1, one example to reduce the CSI quantization error by reporting two W2 PMIs
The W2 precoder calculation can be described as below:

Assume the first W2 PMI is 
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 and the second W2 PMI is
[image: image3.wmf]j

, then the precoder for PMI 
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 respectively. For rank 1, both 
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 are 4*1 vectors. Be noted if 
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 equals to
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, then the recommended W2 precoder is 
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If both 
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 are DFT vectors and
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, e.g. 
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, then the recommended W2 precoder is 
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If any of the two precoding vectors is non-DFT vectors, e.g. 
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, then the recommended W2 precoder is 
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3. Code book search
The codebook search for two W2 PMIs can be very similar to that of one W2 PMI in Rel.8. Firstly UE needs to search the best W2 PMI 
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 as the best precoding vector within the original 4Tx LTE Rel. 8 codebook. After 
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 is decided, UE will search 
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 only in the vectors having minimum chordal distance with vector 
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 and test if the interpolated vector will result in higher codebook search metrics. For example in Figure 1
, the best W2 PMI 
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 is 1 after searching the Rel. 8 codebook. And after fixing 
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=1, UE will search two candidate of 
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 which is 4 and 5 and test if the interpolated precoder for 
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=4 and 
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=5 will output better metrics than vector 1 alone. In this case, UE will find 
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=4 will output better precoder than 
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=1 alone. Finally UE will feedback W2 PMI 
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=1 and W2 PMI 
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=4 and the subband CQI will be calculated conditioned on the interpolated precoder from W2 PMI 
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=1 and W2 PMI 
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4. Application to PUSCH 3-1
It has been stated in [1] that one additional wideband rank 1 PMI will be reported when RI>1. And subband MU-CQI is reported according to the wideband rank 1 PMI assuming 4 UEs are paired and the precoding vectors for the other 3 UEs will also use rank 1 precoders from the 4Tx Rel.8 codebook and orthogonal to the reported wideband precoder. It has been challenged online that the additional rank 1 wideband PMI will have large redundancy information to the high rank PMI because one CQI will be reported per layer. And also the fixed rank 4 hypotheses may not help reducing the CQI mismatch because 2 UE pairing with 1 layer per UE is a major case. On the other hand, eNB needs to adjust the precoder for MUZF precoder calculation anyway.
In our view, at least for rank 1 the additional wideband rank 1 PMI can be used to report secondary best PMI and the wideband precoder is interpolated from two wideband PMI according to section 2 and the subband CQI is conditioned on the wideband precoder interpolated by both wideband rank 1 PMI.
Table 1 gives system level throughput gains for extended mode 3-1 with two wideband PMI compared with mode 3-1. CQI calculation is the same as Rel. 8. The simulation parameters are listed in the appendix.
Table 1, Mode 3-1 extension with two WB PMI compared with Mode 3-1
	
	high angular spread

	
	Tx |||| Rx ||
	Tx XX Rx +
	Tx X  X Rx +

	Cell SE gain
	8.6%
	2.8%
	1.6%

	%5 SE gain
	16%
	6.5%
	-2.6%


Observation: The additional wideband PMI will bring significant gains, especially in ULA 0.5 λ case.
Proposal for PUSCH 3-1 extension: At least for rank 1, feedback one more wideband PMI for 4Tx. The subband CQI is calculated conditioned on the interpolated precoder using both wideband PMI.
5. Application to PUSCH 3-2
Unlike PUSCH 3-1, PUSCH 3-2 will feedback one subband PMI per subband. Thus PUSCH 3-2 is mainly targeting more delay spread channel. It has been observed by several companies that PUSCH 3-2 doesn’t provide high throughput gain over PUSCH 3-1 for SCM Urban-macro channel. Table 2 gives our results on PUSCH 3-2 compared with PUSCH 3-1. We have similar observation. It is worth to note that for ULA 0.5 λ it is better to use PUSCH 3-1 extension as defined in section 4 which only reports 2 PMI but results in much better performance.
Table 2, Mode 3-2 compared with Mode 3-1
	
	high angular spread

	
	Tx |||| Rx ||
	Tx XX Rx +
	Tx X  X Rx +

	Cell SE gain
	1%
	2.8%
	3.5%

	%5 SE gain
	-0.2%
	5.3%
	-0.1%


Observation: For SCM UMa channel, straight forward PUSCH 3-2 doesn’t provide significant gain over PUSCH 3-1. However, the gain in large spaced cross-polarized antenna is still promising. We can foresee the gain to be larger in the other two antenna configurations if we simulate channel with higher delay spread or model random antenna delay calibration error.
However, if we apply the extension method in section 4 for every two consecutive subbands, we can report two PMIs for two consecutive subbands and the precoders of two consecutive subbands is based on the interpolated precoder by the two reported PMIs and the CQI calculation is conditioned on the interpolated precoder. The overall signalling is the same as the straight forward PUSCH 3-2. Table 3 gives the throughput gain for this scheme compared with the straight forward PUSCH 3-2.
Table 3, Mode 3-2 extension with two PMI/two subbands compared with Mode 3-2
	
	high angular spread

	
	Tx |||| Rx ||
	Tx XX Rx +
	Tx X  X Rx +

	Cell SE gain
	9%
	3.5%
	0.2%

	%5 SE gain
	7.8%
	0.9%
	14%


Observation: Compared with straight forward PUSCH 3-2, sending two PMIs for two subbands and using the interpolated precoder to calculate CQI has significant throughput gains but the signalling overhead is the same.

For PUSCH 3-2, the motivation to reduce the subband PMI overhead may become valid because the increased overhead is large compared with PUSCH 3-1. But one needs to keep in mind that the modified PUSCH 3-2 with less overhead should still be competitive against PUSCH 3-1, otherwise the value of the whole PUSCH 3-2 becomes empty.

One straight forward way is to send half of subband PMIs with each suband PMI covering two consecutive subbands. Table 4 compares its performance with one PMI per subband which is the straight forward PUSCH 3-2. 
Table 4, One subband PMI for two consecutive subbands compared with one subband PMI per subband
	
	high angular spread

	
	Tx |||| Rx ||
	Tx XX Rx +
	Tx X  X Rx +

	Cell SE gain
	-0.3%
	-0.9%
	-0.7%

	%5 SE gain
	-3%
	-0.2%
	-0.4%


Observation: Compared with one subband PMI per subband, sending one PMI for two consecutive subbands has marginal SE loss thus most of the gain in straight forward PUSCH 3-2 is still kept.

One alternative is to send one wideband PMI and for each subband send a 2 bit differential subband PMI. The top 4 precoders having smallest chordal distance to the wideband PMI is listed by the 2 bits differential PMI. And the precoder for each subband is interpolated by the wideband PMI and the subband PMI. Table 5 compares its performance against sending one PMI to cover two consecutive subbands.
Table 5, One wideband PMI + 2 differential PMI per subband compared with one subband PMI for two consecutive subbands
	
	high angular spread

	
	Tx |||| Rx ||
	Tx XX Rx +
	Tx X  X Rx +

	Cell SE gain
	8.7%
	2.7%
	0.1%

	%5 SE gain
	-10%
	-13%
	-11%


Observation: Compared with one subband PMI covering two consecutive subbands, sending one wideband PMI and one differential subband PMI and using precoder interpolation has significant gains in cell throughput and some loss in cell edge.
Proposal for PUSCH 3-2: 
1) if the agreed overhead is one PMI per subband, using two PMIs to interpolate the precoder for two consecutive subbands and calculate the CQI for these two subbands accordingly
2) if the agreed overhead is one PMI every two subbands, using one wideband PMI and 2 bits differential PMI per subband to interpolate the precoder for each subband and calculate the CQI for this subband according to the interpolated precoder
6. Conclusion
In this contribution we have given our views on extending PUSCH based CQI reporting for 4Tx. With precoder interpolation for rank 1, the gain in MU-MIMO is significant. Thus our recommendation is:
Proposal or PUSCH 3-1 extension:

Feedback one more wideband PMI for 4Tx at least for rank 1. The subband CQI is calculated conditioned on the interpolated precoder using both wideband PMI.

Proposal for PUSCH 3-2: 

1) If the agreed overhead is one PMI per subband, using two PMIs to interpolate the precoder for two consecutive subbands and calculate the CQI for these two subbands accordingly
2) If the agreed overhead is one PMI every two subbands, using one wideband PMI and 2 bits differential PMI per subband to interpolate the precoder for each subband and calculate the CQI for this subband conditioned on the interpolated precoder
We slightly prefer 1) for PUSCH 3-2 because we feel PUSCH 3-2, if defined, should target more for performance improvement instead of worrying about the overhead.
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8. Appendix

Table 6, System level simulation parameters
	Parameter
	Value

	Duplex mode
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per cell
	10

	Downlink transmission scheme
	4x2 MU-MIMO ZFBF with fixed rank 2 and 1 layer per UE

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain

	Downlink link adaptation

	CQI and PMI 5ms feedback period

	
	Subband size =6 consecutive RBs

	
	6ms CQI/CSI delay

	
	CQI measurement error: Realistic from CSI-RS

	
	PMI feedback error: Error free 

	
	4bits CQI according to 36.213

	
	Outer loop link adaptation is enabled

	Codebook
	Rel. 8 4 bit

	Allocation
	Localized

	Total number of RB in one subframe
	50

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell

	Data Channel Estimation
	CSI RS and DM RS channel estimation error as input from LLS to SLS for a given geometry 

	PAPR
	No constraint on per-antenna power imbalance 

	UE antenna configuration
	Cross-polarized +

	
	Small-spaced co-polarized | |

	eNB antenna configuration
	Small-spaced cross-polarized X X

	
	Large-spaced cross-polarized X     X

	
	Small-spaced co-polarized | | | |

	
	Ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe

	
	Overhead of CSI RS: Not modelled

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D

	Feeder loss
	0dB

	Channel model
	SCM urban macro for 3GPP case 1, 3km/h

	
	high angle spread

	Link error prediction technique
	EESM

	Intercell interference modelling
	Realistic precoders in interfering cells
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