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1. Introduction

For Rel-10 CSI feedback, one of the few remaining issues is whether or not PMI disabling should be supported in TM9. In addition, if PMI disabling is supported for TM9, which PDSCH transmission mode should UE assume when calculating CQI.
2. Discussions
PMI disabling is already supported in TM8 for LTE Rel. 9. When PMI is disabled, eNB receives CQI from feedback channel and CSI from UL sounding. Compared with TM8, the major difference in TM9 is that the channel estimation for link adaptation is from CSI-RS instead of CRS. There are several differences for CSI-RS compared with CRS:
1) CSI-RS can have up to 8 ports, however CRS can only have up to 4 ports
2) CSI-RS is sparse in time and frequency, however CRS is much denser
3) CSI-RS only serves as reference signal for channel estimation when doing link adaptation, however CRS also has other functionalities such as: a) reference signal for demodulating PDCCH, b) interference measurement
Thus if the eNB mainly operates in TM8, it could be beneficial for the eNB to have fewer CRS ports than the actual transmission antennas. For example, eNB can configure only two CRS ports though it actually uses 8 transmission antennas to beamform PDSCH in TM8. The overhead reduction from CRS by such configurations could be a benefit to the overall system throughput. 
However, if eNB mainly operates in TM9, it is natural that eNB configures as many CSI-RS ports as the actual transmission antennas because the overhead of CSI-RS is obviously of less concern. 
Observation: Unlike TM8 where UE would often see downlink channel with reduced columns, TM9 UE expects to see the full channel from CSI-RS
Though PMI calculation is expected to be easier in TM9 when the full channel is seen, the system performance is limited by the codebook quantization error, especially when 4Tx antenna is considered. Thus sounding based CSI feedback could have more accurate description of downlink CSI compared with codebook based PMI feedback. Thus we still see the benefits to have PMI disabling for TM9, especially for 4Tx.
3. CQI definition for TM9
As described in [2], for TM8 when calculating CQI for PDSCH “If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity”. The CQI reporting design for TM8 PDSCH relies on that the UE feeds back a non-beamformed CQI and the eNB compensate the difference between the non-beamformed CQI and the beamformed CQI after the eNB estimates the beamformed channel via CSI estimation from SRS sent by the UE.
This design is reasonable especially if UE can only see downlink channel with reduced columns from downlink link adaptation reference signal or if the total number of downlink transmission antennas is less than or equal to 2 in which scenario the beamforming gain is unavailable or insignificant.
However as in the case of TM9, UE is often expected to see the full downlink channel from CSI-RS. There exists a better way to estimate downlink CQI, especially when the total number of downlink transmission antennas is 4 or 8, where the beamforming gain is significant.
It has been shown in [3] that channel reciprocity not only exists in TDD but also partially in FDD where long term channel covariance matrix share the same spatial attributes for both the downlink and the uplink. Thus UE can utilize these attributes to report beamformed CQI without a PMI report. For example when a TM9 UE reports CQI using PUCCH 1-0, it can first estimate the downlink full channel matrix for each subcarrier Hi, then UE can deduct the wideband instantaneous channel covariance matrix by averaging [image: image2.png]2



 over all subcarriers. Then, the UE can estimate the rank 1 precoder from the wideband channel covariance matrix. For example, UE uses SVD to get the precoder from the principal eigen-vector. Finally, the UE computes rank 1 CQI assuming the estimated precoder will be used for beamfroming the PDSCH transmission.
On the eNB side, it receives beamformed CQI from UE’s feedback channel and estimates UL channel covariance matrix from UE’s sounding sequence and computes the actual precoder accordingly. It is expected that compared with non-beamformed CQI, beamformed CQI will have better match with the precoder deducted by eNB from UL SRS. Intensive discussions have taken place in Rel. 10 on the MU-MIMO performance’s sensitivity on the CQI accuracy [4].
4. System level performance
We mainly considered two cases when MU-MIMO is simulated and the simulation parameters are listed in appendix.
1) PUCCH 1-0 with non-beamformed CQI and eNB will compensate the difference between beamformed CQI and non-beamformed CQI by estimating the beam forming gain from UL channel and reported wideband non-beamformed CQI. 
2) PUCCH 1-0 with beam formed CQI, in which UE will compute CQI from  channel covariance matrix measured from downlink CSI-RS
In both cases, the eNB will deduct the precoder from UL channel covariance matrix and outer loop link adaptation is implemented at eNB in order to compensate the long term CQI mismatch.
Table 1, MU-MIMO performance comparisons for 1) and 2) for 4 Tx and 2 Rx
	Antenna Configuration
	| | | |->| |
	X X-> +

	Cell SE (bps/Hz) for 1)
	2.16
	2.03

	Cell SE (bps/Hz) for 2)
	2.27
	2.16

	Gain of 2) over 1)
	5.1%
	6.4%

	Cell Edge SE (bps/Hz) for 1)
	0.065
	0.055

	Cell Edge SE (bps/Hz) for 2)
	0.074
	0.06

	Gain of 2) over 1)
	14%
	10.9%


Table 2, MU-MIMO performance comparisons for 1) and 2) for 8 Tx and 2 Rx
	Antenna Configuration
	| | | | | | | |->| |
	X X X X-> +

	Cell SE (bps/Hz) for 1)
	2.33
	2.29

	Cell SE (bps/Hz) for 2)
	2.48
	2.48

	Gain of 2) over 1)
	6.4%
	8.3%

	Cell Edge SE (bps/Hz) for 1)
	0.074
	0.067

	Cell Edge SE (bps/Hz) for 2)
	0.088
	0.075

	Gain of 2) over 1)
	19%
	12%


Observation: Feedback beamformed CQI has significant system throughput gain than feedback non-beamformed CQI for PUCCH 1-0

5. Conclusion
Based on the analysis and system level simulations in section 3 and 4, we propose the below:

1) PMI disabling is supported for TM9
2) If eNB is configured with one CSI-RS port, the PDSCH transmission scheme assumed for CQI reference resource is single antenna port CSI-RS port 15
3) If eNB is configured with two CSI-RS ports, the PDSCH transmission scheme assumed for CQI reference resource is transmit diversity
4) If eNB is configured with four or eight CSI-RS ports, the PDSCH transmission scheme assumed for CQI reference resource is spatial multiplexing with a single transmission layer and assuming the precoder is deducted from channel covariance matrix
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7. Appendix

Table 3, System level simulation parameters
	Parameter
	Value

	Duplex mode
	TDD, configuration 2

	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 1 layer per UE and maximum 2 UEs
MU-MIMO/SU-MIMO dynamic switching

	Downlink scheduler
	Proportional Fair scheduling, wideband

	Downlink link adaptation

	CSI-RS 5ms periodicity, PUCCH feedback 5ms periodicity

	
	CQI/CSI measurement delay is explicitly modelled and one way reporting delay is fixed to be 2 ms.

	
	CQI measurement error: error free or assume CSI-RS muting is applied

	
	PMI feedback error: Error free 

	
	4bits CQI according to 36.213

	
	Outer loop link adaptation is enabled

	Total number of RB in one subframe
	50

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	Downlink receiver type
	MMSE based on DM RS of serving cell

	Channel Estimation Data Demod
	Error free

	PAPR
	No constraint on per-antenna power imbalance 

	UE antenna configuration
	Small-spaced co-polarized | | and cross polarized +

	eNB antenna configuration
	Small-spaced co-polarized | | | |, small spaced cross pol X X

	
	Ideal antenna calibration

	DL Control Channel overhead
	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 precoder in interfering cells








