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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 presented to WG1 since then and in this document we provide an overview and performance benefits of some of these proposals for TM9, compared to the legacy 4Tx codebook. As per the agreement in RAN WG1 meeting #71 [1], we use a new PUSCH mode (also referred to as mode 3-2) thereby enabling a per sub-band feedback of W2. The definition of a sub-band is the same as in PUSCH mode 3-1.

The double codebook proposals evaluated in this contribution can be divided into two categories:

· Grid of beams: The structure of this codebook is similar to the Release 10 8Tx codebook. The outer wideband codebook is block diagonal and essentially comprises of several beam-groups with overlapping beams. The inner codebook performs beam selection from within the beams and co-phasing between the different polarizations. 
· Single beam: In this case the outer codebook is diagonal and provides a reference beam and the inner codebook performance shift relative to the reference beam and co-phasing between the polarizations.

It should be noted that even though these two categories seem to be different they can be shown to be mathematically identical and therefore we expect a similar performance. The double codebook proposals considered in this contribution are described in Table 1.
The double codebook structure chosen for comparison in this contribution have been chosen to sample both of these aforementioned categories. The total numbers of bits needed for CQI and PMI feedback are based on PUSCH mode 3-2 with per sub-band feedback of W2 PMI.

	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 [2]
	Block Diagonal
	4
	Column Selection + Co-Phasing
	(4,4)
	22,44
	40,40

	TI [3]

	Block Diagonal
	4
	Column Selection + Co-Phasing
	(4,4)
	22,44
	40,40

	ALU [4]
	Diagonal
	4
	Beamshift + Co-Phasing
	(4,4)
	22,44
	40,40

	Ericsson [5]
	Block Diagonal
	3
	Column Selection + Co-Phasing
	(2,2)
	22,44
	21,21

	AT&T [6]
	Diagonal
	4
	rel 8 4Tx
	(4,4)
	22,44
	40,40


Table 1 Overview of double codebook proposals 
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 [7]. 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
Widely spaced cross pol with 4 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
	Full Buffer


Table 2: Simulation parameters
3 Performance Evaluation
System level simulation based on the 3GPP methodology and the assumption mentioned 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 4Tx system based on TM9.  Shown in Table 3 is a performance comparison of the various double codebook proposals for the closely spaced as well as the widely spaced cross-pol antenna configurations. 
	 
	 Codebook
	Feedback Mode
	Sector Throughput
	10%-tile Cell Edge

	
	
	
	Mbps
	Gain Over Rel8 PUSCH 3-1
	Mbps
	Gain Over Rel8 PUSCH 3-1 

	Closely Spaced X-pol
	Rel8 CB
	PUSCH 3-1
	26.2
	 
	1.011
	 

	
	Rel8 CB
	PUSCH 3-2
	27.4
	105%
	1.06
	105%

	
	NSN
	PUSCH 3-2
	29.2
	111%
	1.133
	112%

	
	TI
	PUSCH 3-2
	29.4
	112%
	1.141
	113%

	
	ALU
	PUSCH 3-2
	29.5
	113%
	1.16
	115%

	
	Ericsson
	PUSCH 3-2
	27.7
	106%
	1.125
	111%

	
	AT&T
	PUSCH 3-2
	28.6
	109%
	1.106
	109%

	Widely Spaced X-pol
	Rel8 CB
	PUSCH 3-1
	22.9
	 
	0.849
	 

	
	Rel8 CB
	PUSCH 3-2
	24.9
	109%
	0.893
	105%

	
	NSN
	PUSCH 3-2
	25.3
	110%
	0.916
	108%

	
	TI
	PUSCH 3-2
	24.6
	108%
	0.914
	108%

	
	ALU
	PUSCH 3-2
	24.8
	108%
	0.926
	109%

	
	Ericsson
	PUSCH 3-2
	24.2
	106%
	0.891
	105%

	
	AT&T
	PUSCH 3-2
	25.4
	111%
	0.918
	108%


Table 3: System Level Performance of Double and Single Codebook Feedback
The system level performance results as summarized on the table above are also shown in the Figures 1 and 2 for a more comprehensive comparison. The results shown in the Figures below are the relative capacity and cell edge gains respectively, of a given combination of codebook and feedback mode compared to the baseline which is 3GPP Release 10 TM9. The baseline case assumes a PUSCH 3-1 mode for feedback and all the enhanced single and double codebook modes assume a PUSCH 3-2 mode for feedback.
[image: image1.png]Sector Throughput Gains (relative to Rel. 10)

120%

M Closely Spaced X-pol
m Widely Spaced X-pol
115%
110%
105%
100% -
95%

Rel 8 Ericsson AT&T
Codebook




Figure 1
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Figure 2

4 Conclusions & Proposal
Based on the system level simulation we see a gain of ~10% - 12% in the system capacity over 3GPP release 10 depending on the design of the dual codebook. 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. A similar gain is observed in the cell edge user throughput as well. While these gains are for a 100% loaded system with full buffer traffic we expect much higher gains with a more realistic partial buffer traffic model as shown in [8]. 
Based on the results presented in this contribution we observe that the gains from a double codebook based feedback are significant over release 10 and are fairly consistent across all the different proposals. It is our recommendation therefore to use a grid of beams based design as derived from the release 10 8Tx codebook. Not only such as design can provide consistent gains across different antenna configurations as shown by the codebook proposal from NSN [2] but such a design can also be agreed upon and standardized with relatively less amount of work in RAN WG1 as it is already a part of the 8Tx configuration. It is therefore our recommendation to derive the release 12 4Tx codebook directly from the release 10 8Tx codebook with minimal changes and impact.
Proposal: The 4-Tx codebook should be based on the 8-Tx double codebook design W = W1W2, with  the following specific structure:

· W1 has 16 possible precoders and is indicated by a 4 bit PMI
· W2 has 16 possible precoders for Rank 1 and 2 and is indicated by a 4 bit PMI
· The number of possible precoders for Rank 3 and 4 is FFS
· W1 indicate 1 of 16 possible beam-groups and W2 performs beam selection for each rank and performs co-phasing between the polarizations. 
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� In the case of TI’s codebook proposal only component 2 of the proposal was modeled. 
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