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1. Introduction

The way forward from RAN1 60b for MIMO feedback is as follows [1]:

· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

In [2], we have used system level simulations to show that when advanced feedback methods are used in LTE-A, consistent performance gain could be achieved comparing with LTE Rel-8 codebooks. In this contribution we propose one method following the way forward in [1] to improve the accuracy of spatial feedback using time/frequency correlation.
2. Enhanced feedback design for LTE-A
One design example following this way forward is to use Rel-8 codebook for C1 and improve the spatial feedback accuracy by designing a new C2. [3] gives one design example of differential codebooks. Our view is that the differential codebooks could be a good candidate to design a new C2. In this section we give a similar example how C2 could be optimized through a differential codebook which will explore the time domain correlation property. 
The feedback starts initially and restarts periodically by sending 
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, where C1 is the self-contained Rel-8 codebook. Differential feedbacks 
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 follows the start and restart feedbacks. The precoder for the starting and restarting feedback is W=W1. And the precoder for the W2 feedback could be written as follows. 
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where the rotation matrix 
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  matrix computed from the previous precoder 
;  is the number of transmit antennas. The dimension of the fed back matrix W2 is 
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 , where   is the number of layers. The 
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has the form 
, where 
consists of columns each of which has a unit norm and is orthogonal to the each column of 
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For rank-1, 
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 is the phase of the first entry of 
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A 4 bits differential codebook example for 
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 could be written as below table:

Table 1, 4 bits rank 1 differential codebook for 
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	Codebook Index
	Code word
	Codebook Index
	Code word

	0
	[1 0 0 0]T
	8
	[0.9397 0.2553+0.1430i 0.0282+0.0897i  0.1469+0.0308i]T

	1
	[0.9397 0.2062-0.0657i  0.0485-0.2038i   -0.0885+0.1358i]T
	9
	[0.9397 0.0507-0.3289i 0.0276+0.0448i  0.0508- 0.0297i]T

	2
	[0.9397 -0.0531-0.0765i 0.0806-0.1811i  -0.1432-0.2203i]T
	10
	[0.9397 -0.0352+0.2445i    0.0560+0.1197i    -0.1178- 0.1569i]T

	3
	[0.9397 -0.0762-0.1024i -0.2492-0.1865i  0.0616+0.0028i]T
	11
	[0.9397 -0.0505-0.0233i -0.1061+0.3140i 0.0505+ 0.0382i]T

	4
	[0.9397 -0.0475-0.0535i 0.0266-0.0109i  0.1997+0.2668i]T
	12
	[0.9397 -0.3407-0.0014i 0.0280+0.0108i  0.0021+0.0020i]T

	5
	[0.9397 -0.0478-0.0010i -0.0229+0.0325i  0.2359- 0.2397i]T
	13
	[0.9397 -0.0180-0.0100i 0.3300+0.0502i  0.0685-0.0205i]T

	6
	[0.9397 0.0030+0.1854i -0.1733+0.0000i -0.1136+0.1992i]T
	14
	[0.9397 -0.0401-0.0885i     0.0946+0.1084i    -0.2792+0.0942i]T

	7
	[0.9397 0.1926-0.0378i -0.1914+0.0534i  -0.1467-0.1320i]T
	15
	[0.9397 -0.0436+0.2160i 0.0596-0.2318i  0.1057+ 0.0002i]T


In case if W2 is the first code word, W(t) will be equal to W(t-1). This will have two folds effects. 1) When the residual quantization error is sufficiently small, the precoder will stay with the previous precoder. 2) It is immune to error propagation if eNB retains to previous precoder in case of PMI erasure. The code word 1 to code word 15 will have the same first entry which is cos(20o). This decides the size of the polar cap. A big polar cap will have faster tracking speed but high residual quantization error. On the other hand, a small polar cap will have slower tracking speed but small residual quantization error. Code word 1 to code word 15 is generated from computer search by maximizing the minimum chord distance among any two code words.
3. Discussion on constant modulus
[5] has proposed the feedback framework for LTE-A. The constant modulus property has been proposed as a restriction to the codebook design to achieve the full PA utilization at eNB. When the eNB schedules one UE to use the full system bandwidth using the same rank 1 precoder, a non constant modulus will cause unbalanced transmission power cross multiple transmission antennas. Thus in such case, it is beneficial for the UE to use a constant modulus codebook e.g. fall back to Rel-8 codebook.  In other cases when the eNB transmission ranks are higher than 1 in case of either SU-MIMO or MU-MIMO, the transmission power for each subcarrier is unbalanced because of the combination of the precoder and random data symbols. But the overall transmission power for the whole system bandwidth may still be quite balanced regardless if the codebook is constant modulus or not. 
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Figure 3, Per antenna Tx power PDF
Figure 3 gives the per antenna transmission power PDF for three modes. We explicitly generate the random data symbols according to each user’s MCS level and the scheduler pairs users and calculate the Zero forcing precoder according to each user’s feedback. We then use the random data symbols and the precoder to calculate the transmission power for each subcarrier. And then we sum the transmission power over the whole system bandwidth and do statistics on these values over the whole simulation time. We compared three cases: 1) Rel-8 4 bits codebook which is constant-modulus, 2) Use Rel-8 for W1 and sends once every 20 ms and uses the non-constant modulus differential codebook for W2 and sends once every 5ms. 3) Use 4 bits DFT codebook for W1 and sends once every 20ms and uses an oversampled 4 bits DFT codebook for W2 and sends once every 5ms. It can be seen that by introducing the non-constant modulus differential codebook for W2, the PDF curve only gets wider a little. Thus the overall impact to PA utilization is very limited in real scenario.
We have also performed system level simulations for MUZF with fixed 2 UEs per subband given in Table 3. (No dynamic SU/MU switching. Parameters are listed in appendix):

Table 2. System level simulation results.
	eNode B antenna spacing
	Sector SE (bit/s/Hz)
	5% cell edge SE (bit/s/Hz)

	
	Rel. 8
	Differential codebook in section 2
	4 bits DFT + 4 bits oversampling for DoA
	Rel. 8
	Differential codebook in section 2
	4 bits DFT + 4 bits oversampling for DoA

	0.5λ
	2.73
	3.00
	2.97
	0.066
	0.072
	0.072

	
	100%
	109.7%
	108.5%
	100%
	109.8%
	110.1%

	4λ
	2.35
	2.76
	2.36
	0.053
	0.065
	0.059

	
	100%
	117.4%
	100.4%
	100%
	122%
	110.9%


Observation: The 4 bits DFT + 4 bits oversampling can have 8.5% gain over Rel-8 codebook in highly correlated antenna case, but the gain for lowly correlated antenna case is marginal. The non-constant modulus differential codebook has the highest throughput in the three compared cases in both highly correlated and lowly correlated scenario.
4. Discussion on UE complexity
We give some rough estimation on the percentage of codebook search in the overall UE operations. Though for a different parameter set the figure may vary but the overall observation should be kept. The parameters for the complexity calculation are listed in Table 3. 

Table 3, Parameters for UE complexity calculation
	FFT size
	1024

	# subcarriers per subband
	12*6

	# of code word per code book
	16

	# of OFDM symbols per TTI
	14

	MIMO mode
	4*2 SM, rank-2 transmission


Based on these assumptions, the UE complexity could be measured by number of multiplications as listed in Table 4.
Table 4, UE complexity summary
	
	FFT
	MMSE filtering
	Codeword search

	#Multiplications
	286720
	11088
	768

	Percentage
	96.03
	3.71
	0.26


Observation: the codebook search only accounts for less than 1% in the overall UE multiplications, thus the finite alphabet limitation should be removed when designing advanced feedback.
5. Conclusion
In this contribution we proposed one differential codebook which could be used to design C2 to improve the subband spatial feedback accuracy. We also analyses the relationship between constant modulus codebook and PA utilization. Our observation is that when MUZF kind of precoding is used at eNB, there are not many benefits for PA utilization by introducing constant modulus limitation in typical case of 10 UEs/sector. We also give a rough estimation on the percentage of codebook search in the overall UE operations and the analysis has shown that the overall percentage is less than 1%.
Proposal: Differential codebook can be used to design C2 in order to improve the subband spatial feedback accuracy. The designing of C2 doesn’t have to be limited by constant modulus and finite alphabet.
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7. Appendix

Table 5, System level simulation parameters
	Parameter
	Value

	Duplex method
	TDD, Uplink-downlink configuration 1

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

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

	Users per sector
	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

	
	1 PMI and 1 CQI feedback per subband (=3 consecutive RBs)

	
	5ms delay total.

	
	CQI measurement error: None

	
	PMI feedback error: 0% 

	
	MCSs based on LTE transport formats [36.213]

	
	4bits CQI according to 36.213

	codebook

　
	Rel. 8 4 bit

	
	Adaptive codebook applied to rank-1 Rel. 8 codebook (unquantized feedback of long term correlation matrix every 50 ms)

	Allocation
	localized

	Total number of RB in one subframe
	50

	scheduling unit
	1 subband=3 consecutive RBs

	Downlink HARQ
	Maximum 4 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	5 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell

	Data Channel Estimation
	Perfect channel estimation on CSI RS and DM RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Vertically polarized antennas

	
	0.5 wavelength separation at UE

	
	Correlated channel: 0.5 wavelength separation  at basestation (uniform linear array)

Uncorrelated channel: 4 wavelength separation  at basestation (uniform linear array)

	
	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 modeled

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D

	Feeder loss
	0dB

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

	
	Correlated channel: 5 degrees angle spread

Uncorrelated channel: 5 degrees angle spread

	Link error prediction technique
	EESM

	Intercell interference modeling
	rank 2 transmission in interfering cells for MU-MIMO

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers
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