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1 Overview

In RAN WG1 meeting #72 the following working assumption was agreed upon [1]

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 
· 2 Tx: 0 bit
· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 
· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12
· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively
· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

Several double codebook proposals for 4Tx have been made on the e-mail reflector based on this way forward. In a companion contribution [2] we provide an overview and performance benefits of some of these proposals for both the closely-spaced and widely-spaced antenna configurations. In this contribution, we focus on a limited set of codebooks, the closely-spaced antenna configuration, and present the performance with traffic that follows the FTP model-2 distribution. The codebooks (see Table 1) chosen for this study showed good full-buffer performance for both antenna configurations, and are taken as representative samples of the two predominant structures (block-diagonal and diagonal) proposed. 
	Source Company
	W1 Structure
	W1 Bits
	W2 Structure
	W2 Bits (R1,R2)
	Total CQI Bits (R1,R2) for 10 MHz
	Total PMI Bits (R1,R2) for 10 MHz

	NSN [3]
	Block Diagonal
	4
	Column Selection + Co-Phasing
	(4,4)
	22,44
	40,40

	AT&T [4]
	Diagonal
	4
	rel 8 4Tx
	(4,4)
	22,44
	40,40


Table 1 Codebook proposals evaluated in this contribution 
2 Simulation Scenario and Assumption
For the purposes of evaluating the benefits of a double codebook based feedback we use the scenario and assumptions that were agreed upon in the way forward [6]. Shown in Table [2] below are some of the key simulation parameters used.
	Parameter
	Value

	Network Layout
	19 Site wrap-around with 500 m ISD

	Propagation Model
	3GPP UMa

	Channel Bandwidth
	10 MHz

	Antenna Configuration
	4 antennas at the eNodeB
Closely spaced cross pol with/2 separation
2 antennas at the UE

	Antenna Pattern
	3GPP specific 3D antenna pattern with 15o down-tilt

	UE Distribution
	20% outdoor and 80% indoor with 3km/hr. speed

	UE Receiver
	MMSE-based IRC with Channel and Noise Estimation Errors

	Link Adaptation
	CQI Based

	CQI/PMI Feedback Mode
	PUSCH 3-1 and 3-2 with 5 msec. periodicity and 3 msec. delay

	Scheduling
	Rank 1 & 2 with dynamic SU/MU switching

	MU Beamforming
	TM 9 based using an MMSE Beamformer with per antenna power constraint

	Traffic Model
	FTP traffic model 2 [5] with fixed file size = 0.25 Mb,  exponential read time = 1 s


Table 2: Simulation parameters
3 Performance Evaluation
System level simulation based on the 3GPP methodology [5] and the assumptions described in the previous section were used to evaluate the performance of the various double codebook proposals. The baseline for all the results is the Release-10 4-Tx system based on TM-9.  The results from the evaluation are tabulated in Table 3. In Figures 1 and 2, the median and cell-edge (10%-tile) FTP download rate have been plotted as a function of the carried load, which is measured in terms of the sector throughput. The gains from different enhancements and codebooks, with respect to the baseline Rel-8 codebook and PUSCH 3-1 feedback are shown in Figures 3 and 4 for the median and cell-edge rates respectively. 
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Rel-8 3-1 6 10.77 43% 19.77 8.55

Rel-8 3-1 8 13.41 60% 13.28 5.45

Rel-8 3-1 10 15.56 73% 8.96 3.60

Rel-8 3-1 12 17.14 80% 5.98 2.53

Rel-8 3-2 6 10.93 41% 21.05 9.52

Rel-8 3-2 8 13.74 57% 14.93 6.17

Rel-8 3-2 10 16.01 69% 10.36 4.07

Rel-8 3-2 12 17.69 78% 6.72 2.82

ATT  3-2 6 11.01 40% 21.98 10.05

ATT  3-2 8 13.75 56% 15.87 6.54

ATT  3-2 10 16.12 68% 10.96 4.36

ATT  3-2 12 18.04 78% 7.25 3.04

NSN 3-2 6 10.90 40% 21.96 9.90

NSN 3-2 8 13.70 55% 16.26 6.85

NSN 3-2 10 16.21 68% 11.39 4.63

NSN 3-2 12 18.21 78% 7.53 3.14


Table 3: Evaluation Results
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Figure 1: Median user FTP download rate as a function of carried load
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Figure 2: Cell-edge (10%-tile) user FTP download rate as a function of carried load
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Figure 3: Improvement in median user FTP download rate 
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Figure 4: Improvement in cell-edge (10%-tile) user FTP download rate
4 Conclusions

Based on the evaluations, we see a gains over 25% in median user download rates, and cell-edge gains close to 30%. These gains include the gain from PUSCH mode 3-2 as well and therefore can be viewed as the composite gain that can be achieved in release 12 based on the working assumptions. 
If the improvement from introduction of the only new double codebook structure is evaluated with respect to the Rel-8 codebook, assuming PUSCH mode 3-2 feedback, then we see that in additional gain from the new codebook is 10% or more at utilizations of 70% or above (10 users or more). 
User download rate is an important KPI for operators, and these finite-buffer evaluations show that significant improvement is possible to this KPI when BOTH the feedback and codebook are enhanced. Improvements of this magnitude are a necessary first step to justify the additional cost of deploying a 4-antenna downlink system. 
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