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1 Introduction

In the RAN1 meetings #62 and #62bis several contributions [1], [2], and [3] provided system level simulation results comparing the performance of the proposed PUSCH mode 3-2 with the existing mode 3-1. Additionally in RAN1 meeting #62bis several way forward documents [7], [4], and [5] proposed different solutions for the PUSCH mode 3-2. In this document we provide system level simulation results of the existing mode 3-1 and contrast its performance against a few different flavours of mode 3-2.

Given the results of these simulations we believe that the solution proposed in [7] should be adopted as the PUSCH mode 3-2 since it provides the relatively high gains with the smallest incremental changes to the standard. As mentioned in the past, AT&T believes that the PUSCH modes 3-2 and 3-1 should provide a distinct and differentiable tradeoff between performance and overhead. By reducing the overhead of PUSCH mode 3-2 we start to make it look more like mode 3-1 in terms of performance and overhead, thus diluting the very reason for having two distinct and different modes of CSI feedback. 
2 PUSCH Mode 3-2 and Its Variants
As mentioned previously, in RAN1 #62bis several proposals were presented [4], which attempted to reduce the overhead associated with PUSCH mode 3-2. In an attempt to better understand the true nature of the tradeoffs between system performance and feedback overhead we present here a few variants of the PUSCH mode 3-2 and see how they perform relative to the baseline PUSCH mode 3-1. The various PUSCH mode 3-2 solutions considered here are:
1. PUSCH mode 3-2a: This is the baseline 3-2 mode with the following feedback.
a. Two 4 bit Wideband CQI (one for each codeword).

b. Two 3 bit differential CQI per sub-band (one for each codeword).

c. One 4 bit PMI per sub-band.

2. PUSCH mode 3-2b: This is a variation of the mode 3-2a with less PMI information.
a. Two 4 bit Wideband CQI (one for each codeword).

b. Two 3 bit differential CQI per sub-band (one for each codeword).

c. One 4 bit PMI per 2 adjacent sub-band (a single PMI is calculated over two adjacent sub-bands and is reported).

3. PUSCH mode 3-2c: This is yet another variation of the mode 3-2a with less PMI information.

a. Two 4 bit Wideband CQI (one for each codeword).

b. Two 3 bit differential CQI per sub-band (one for each codeword).

c. One 4 bit PMI for each odd sub-band and no PMI for each even sub-band. The UE calculates the PMI for the even sub-bands as well in order to compute the CQI but does not report the PMI in these bands.

In the case of mode 3-2c the PMI feedback in the even sub-bands is missing and therefore the eNodeB needs to perform some kind of a precoder interpolation based on the precoders of the two sub-bands on either side. In the next section we explain the details of the precoder interpolation for rank 1 and rank 2 cases used in mode 3-2c during these simulations.
2.1 Rank 1 Precoder Interpolation

In the case of rank 1, the precoder in the sub-band with missing PMI value can be generated as a linear combination of the precoders in the two adjacent sub-band.
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Where, pk-1 and pk+1 are column vectors indicating the precoder in the two adjacent sub-bands. Since the sub-band k is equidistant from the sub-bands k+1 and k-1 we set  = sqrt(1/2).
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Figure 1: Precoder interpolation for rank 1

The denominator in the previous equation is to ensure that the precoder is of unit norm. 

2.1 Rank 2 Precoder Interpolation

In the case of rank 2, the precoder interpolation cannot be done as in the case of rank 1, since this can often lead to a precoder with non-orthogonal columns. This would imply that the two layers would be transmitted on beams that are not orthogonal thus impacting the overall performance. Therefore in the case of rank 2 precoder interpolation we have to ensure that the precoder in the sub-band with missing PMI value meets the following criteria:

1. Has orthonormal columns

2. Is equidistant from the precoders in sub-band k-1 and k+1. 
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Where, pk,1 and pk,2 are the two columns of the rank 2 precoder pk. Therefore the two criteria can be summarized as:
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Where, the subscript F indicates a Frobenius (Hilbert-Schmidt) norm. Using these two criteria we can uniquely solve for  and  and thus derive a unique orthonormal precoder for the sub-band k, where the PMI is not reported. 

The only exception to this approach is when the two pecoders pk,1 and pk,2 span the same subspace i.e. their chordal distances is zero


[image: image6.wmf]0

2

1

1

1

1

=

-

+

+

-

-

F

H

k

k

H

k

k

p

p

p

p


In this case it can be shown that the solution used for rank 1 interpolation produces a precoder that matches both the criteria, i.e.
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Where  = sqrt(1/2).
3 MU-MIMO System Simulation Results

In this section we show the performance of the three different PUSCH 3-2 modes as described in the previous section, and compare its performance relative to PUSCH 3-1. The results are shown for both Case 1 and Case 3 scenarios. Results for Case 1 and Case 3 are shown in Tables 1 and 2 respectively. 
	 
	Spectral Efficiency
	10th Percentile Data Rate
	90th Percentile Data Rate

	 
	bps/Hz
	% gain
	Mbps
	% gain
	Mbps
	% gain 

	Mode 3-1
	1.724
	0%
	0.710
	0%
	2.736
	0%

	Mode 3-2a
	1.818
	5.45%
	0.762
	7.32%
	2.878
	5.19%

	Mode 3-2b
	1.780
	3.25%
	0.736
	3.66%
	2.806
	2.56%

	Mode 3-2c
	1.659
	-3.77%
	0.696
	-1.97%
	2.602
	-4.90%


Table 1: Case 1 MU-MIMO Results

	 
	Spectral Efficiency
	10th Percentile Data Rate
	90th Percentile Data Rate

	 
	bps/Hz
	% gain
	bps
	% gain
	Bps
	% gain 

	Mode 3-1
	1.343
	0.00%
	0.432
	0.00%
	2.298
	0.00%

	Mode 3-2a
	1.436
	6.92%
	0.450
	4.17%
	2.430
	5.74%

	Mode 3-2b
	1.371
	2.08%
	0.436
	0.93%
	2.344
	2.00%

	Mode 3-2c
	1.288
	-4.10%
	0.408
	-5.56%
	2.136
	-7.05%


Table 2: Case 3 MU-MIMO Results
From these results it is clear that PUSCH mode 3-2a as proposed in [7], has the best performance and the overall spectral efficiency gains are in the 5.5% - 7% gain depending on the environment. Both PUSCH mode 3-2b and mode 3-2c do not perform as well and result in much smaller gains (relative to mode 3-1). In Table 3 we summarize the total amount of UL overhead for the different feedback modes, in a 10 MHz system. If we assume a total of 10 active UEs per sector, then the incremental feedback bandwidth required by mode 3-2 (over mode 3-1) in the UL is 64 kbps. In contrast the improvement in the DL throughput is anywhere between 850 kbps to 925 kbps. Thus we gain 850 - 925 kbps of DL throughput while sacrificing 64 kbps of UL throughput.
	

	 
	WB CQI
	WB PMI
	SubBand CQI
	SubBand PMI
	bits/message
	Feedback Bandwidth (Mbps)/UE

	Mode 3-1
	8
	4
	54
	0
	66
	0.013

	Mode 3-2a
	8
	0
	54
	36
	98
	0.020

	Mode 3-2b
	8
	0
	54
	20
	82
	0.016

	Mode 3-2c
	8
	0
	54
	20
	82
	0.016


Table 3: Feedback bandwidth per UE for a PUSCH feedback intervals of 5 msec
The performance of the mode 3-2c with precoder interpolation seems to be poorer than that of mode 3-1. It is our belief that this happens is due to the fact that the CQI values (in even sub-bands where the PMI is not reported) are calculated by the UE are based on a precoder from on the 4Tx codebook. However, the applied precoder in these sub-bands is based on the interpolation of the precoder from the two adjacent sub-bands. This mandates that the eNodeB should adjust the CQI value of the UE in these sub-bands. In principle this is similar to the CQI adjustment that a eNodeB has to perform during MU-MIMO scheduling, however since in this case the estimated PMI is missing from these sub-bands any kind of CQI estimation seems to be non trivial. 
One way to mitigate for this CQI mismatch is to have the UE report the CQI in the even sub-bands (where the PMI information is not sent) based on an interpolated precoder. However this would require the precoder interpolation algorithm to be standardized and would impact the RAN4 specifications, which at this point seems beyond the scope of Rel 10.
4 Conclusions and Recommendations
In this contribution we have provided simulation results comparing the performance of PUSCH mode 3-1 with the performance of mode 3-2 and its variants. The results have been provided for both interference limited scenario (case 1) and noise limited scenario (case 3). The results so far show that the baseline PUSCH mode 3-2 as proposed in [7] is robust and provides verifiable gains over PUSCH mode 3-1. Also, this solution is fairly simple and straightforward and it has minimum impact on the standard compared some of the other variants of the mode 3-2.
In conclusion, AT&T recommends that RAN1 to adopt the baseline PUSCH mode 3-2 solution as proposed in [7] for the 4Tx case, in Rel’10
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Appendix 1

System-level simulation assumptions and parameters are shown in the table below.

Table 1 System-level simulation assumptions

	Parameter
	Assumption

	Channel Model 
	SCM Urban Macro with 15o angular spread 

	Inter site distance
	500 m for case 1 and 1732 m for case 3

	Carrier Frequency
	2100 MHz

	Propagation Model
	Hata Urban

	Channel Model
	SCM Urban Macro

	In Building Loss
	0 dB for case 1 and 20 dB for case 3

	Traffic Model
	Full buffer

	Antenna Configuration 
	4Tx eNB: 

· Cross-polarized, 0.5  spacing

	
	UE: 2Rx cross-polarized -45˚/45˚, 0.25  spacing

	eNodeB Tx Power
	46 dBm

	eNodeB Cable Loss
	3 dB

	UE Noise Figure
	9 dB

	Duplexing Scheme 
	FDD 

	Channel Bandwidth
	5 MHz

	Max number of HARQ retransmissions 
	4  (fixed rate chase combining)

	Transmission Mode 
	SU/MU CL MIMO with adaptive rank selection and adaptive SU/MU switching. (ZFBF precoding used for MU-MIMO). 

	Link adaptation 
	Realistic link adaptation based on CQI feedback from PUSCH
PUSCH feedback interval: 5 msec.

	Channel estimation 
	Non-ideal channel estimation on DM-RS (for MU-MIMO) and CRS (for SU-MIMO and for CQI estimation)

	CSI Feedback Delay
	4 ms

	Rate Metric 
	Goodput based on MCS as per Rel. 8.

	Number of users per cell 
	10 

	Receiver Assumption at the UE 
	MMSE 

	Scheduler 
	Proportional fair, in time and frequency with adaptive SU/MU switching. 

	Precoding
	4Tx codebook based for SU transmission and ZFBF based for MU transmission
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