3GPP TSG RAN WG1 Meeting #73

  



   R1-132839
Fukuoka, Japan, 20th May – 24th May 2013
Agenda item: 6.2.2.1.1
Source: LG Electronics
Title: Evaluation results for 4Tx enhanced Codebook
Document for: Discussion and Decision
1. Introduction

During RAN1 #73 meeting [1], down selected proposals for a new 4Tx codebook were suggested in [2] and it remained to determine a new 4Tx codebook between 2a and 2b as following agreement.
Agreement:
· W1 with wide-spaced beams (2a or 2b) for the sake of robustness of the gains
Way forward for ranks 1-2:
· Evaluate 2a and 2b and how to perform codebook sub-sampling until Friday 7th June.

· Email agreement between 2a and 2b and codebook sub-sampling until Friday 21st June.
To this end, this contribution provides evaluation results of 2a and 2b for different antenna configurations and considers on the sub-sampling of a new 4tx codebook in Rel-12.
2. Evaluation results
In this section, we provide evaluation results of 2a and 2b in different antenna configuration such as closely-/widely-spaced cross-polarized antennas and co-polarized antennas. Other detailed parameters and assumptions for evaluation can be found in Appendix A.
Table 1. SU/MU-MIMO switching, Cross-polarized antennas with 0.5λ spacing.
(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.58
	1.8347
(0.0%, baseline)
	0.2754
(0.0%, baseline)

	2a
	0.55
	1.9774
(+ 7.8%)
	0.3092
(+ 12.3%)

	2b
	0.55
	1.9751
(+ 7.7%)
	0.3094
(+ 12.3%)


(b) PUSCH feedback mode 3-2

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.53
	2.0419
(0.0%, baseline)
	0.3340
(0.0%, baseline)

	2a
	0.51
	2.1385
(+ 4.7%)
	0.3606
(+ 8.0%)

	2b
	0.51
	2.1312
(+ 4.4%)
	0.3600
(+ 7.8%)


Table 2. SU/MU-MIMO switching, Cross-polarized antennas with 4λ spacing.
(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.66
	1.4489
(0.0%, baseline)
	0.1834
(0.0%, baseline)

	2a
	0.64
	1.5623
(+ 7.8%)
	0.2069
(+ 12.8%)

	2b
	0.64
	1.5514
(+ 7.1%)
	0.2066
(+ 12.6%)


(b) PUSCH feedback mode 3-2

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.58
	1.8436
(0.0%, baseline)
	0.2580
(0.0%, baseline)

	2a
	0.57
	1.8932
(+ 2.7%)
	0.2722
(+ 5.5%)

	2b
	0.57
	1.8865
(+ 2.3%)
	0.2720
(+ 5.4%)


Table 3. SU/MU-MIMO switching, Co-polarized antennas with 0.5λ spacing.
(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.47
	2.1503
(0.0%, baseline)
	0.4527
(0.0%, baseline)

	2a
	0.46
	2.2380
(+ 4.1%)
	0.4859
(+ 7.3%)

	2b
	0.46
	2.2197
(+ 3.2%)
	0.4848
(+ 7.1%)


(b) PUSCH feedback mode 3-2

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)

	
	
	
	

	Rel-8 CB
	0.45
	2.2596
(0.0%, baseline)
	0.4937
(0.0%, baseline)

	2a
	0.45
	2.3073
(+ 2.1%)
	0.5135
(+ 4.0%)

	2b
	0.45
	2.2916
(+ 1.4%)
	0.5133
(+ 4.0%)


Comparing the performance of 2a and 2b, it seems that the two codebooks have similar performance gain in all of three antenna configurations as in Table 1-3. One of motivations of 2b might be the performance enhancement in the case where antennas are less correlated, such as widely-spaced antenna configuration. However, even in the case of widely-spaced cross-polarized antennas, there was no significant difference between 2a and 2b in terms of performance gain as shown in Table 2. Hence, we propose to adopt 2a as a new 4Tx codebook in Rel-12 for simplicity.
Proposal #1:
- Adopt 2a in [2] as a new 4Tx codebook of rank 1-2 in Rel-12.

3. Sub-sampling
3.1. PUCCH Mode 1-1 with submode 1 (type 5 report)
We propose that sub-sampling on W1 for rank1-2 is performed for RI/W1 joint coding for all ranks as follows:
Table 4. Codebook subsampling method for PUCCH Mode 1-1 with submode 1.
	hypotheses
	RI
	PMI for W1

	0-7
	1
	{0,1,2,3,4,5,6,7}

	8-15
	2
	{0,1,2,3,4,5,6,7}

	16
	3
	None (W1 is a identity matrix)

	17
	4
	None (W1 is a identity matrix)


In Table 4, we propose 0th to 7th consecutive codewords are subsampled for rank 1 and 2 so that a UE can use all beams composing a 16 oversampled DFT matrix to determine PMI. In other words, even though available W1 indexes are limited to 0 to 7, the set of codewords generated by W1*W2 is the same as the one without sub-sampling since same set of codewords can be generated by using the selection vectors e1, e2, e3, and e4 in W2. That is because a beam group of W1 consists of n-th, (n+8)-th, (n+16)-th, and (n+24)-th column vectors of 2 by 32 oversampled DFT matrix. This is the same way of 8Tx codebook sub-sampling, in which the overlapped beam groups of W1 are completely removed through W1 sub-sampling. It seems natural to apply the same principle here since Rel-12 4Tx codebook is designed in a very similar way as 8Tx codebook.

3.2. PUCCH Mode 1-1 with submode 2 (type 2c report)

We propose the codebook sub-sampling described in Table 5 as a codebook sub-sampling method for Rel-12 4Tx codebook in PUCCH Mode 1-1 with submode 2.
Table 5. Codebook subsampling method for PUCCH Mode 1-1 with submode 2.
	RI
	PMI for W1
	PMI for W2
	total

	
	#bits
	values
	#bits
	values
	#bits

	1
	2
	{0,4,8,12}
	2
	{0, 2, 8, 10}
	4

	2
	2
	{0,4,8,12}
	2
	{0, 1, 4, 5}
	4

	3
	0
	None (W1 is identity matrix)
	4
	{0, 1, 2, 3, 4, 5, 6, 7, 8,
 9, 10, 11, 12, 13, 14, 15}
	4

	4
	0
	None (W1 is identity matrix)
	4
	{0, 1, 2, 3, 4, 5, 6, 7, 8,
 9, 10, 11, 12, 13, 14, 15}
	4


We propose to select {0, 2, 8, 10} for rank 1 W2 and {0, 1, 4, 5} for rank 2 W2, which are the superset of  sub-sampled 8Tx codebook for W2 in PUCCH Mode 1-1 with submode 2. In other words, for rank 1 case, combination of co-phasers (1 or -1) and selection vectors (e1 or e3), and for rank 2 case, combination of ((1, -1) or (j, -j)) and ((e1, e1) or (e3, e3)) can be fed back through W2. On the other hand, W1 indexes are multiples of 4 so that UE can pick PMI among the sub-sampled codewords using uniformly distributed beams in a 2 by 32 oversampled DFT matrix, i.e., 0-th, 4-th, 8-th, 12-th, 16-th, 20-th, 24-th, and 28-th column vectors of the DFT matrix. The 0-th, 4-th, 12-th, and 16-th column vectors can be fed back with e1​ and the rest four vectors with e3​. In this way, it can be avoided that beams are skewed toward a certain direction. If the same sub-sampling method for W2 as 8Tx codebook is applied here, then beam directions of W1 are not uniformly distributed across all angles since it is impossible to use 16-th to 31-th column vectors of the DFT matrix to generate codewords.

3.3. PUCCH Mode 2-1 (type 1a report)
For rank 1 and 2, we can apply the same codebook sub-sampling as 8Tx codebook. Therefore, UE can report one of the selection vectors {(e1, e1), (e2, e2), (e3, e3), (e4, e4)} with the fixed co-phaser (1, -1) through rank 2 W2. For rank 3, we propose to select codeword indexes 0, 2, 8 and 10 because it does not only makes computational complexity low since the precoding matrices only use real numbers but also it maximizes minimum chordal distance among the codewords. For rank 4, from our understanding, it is not critical to performance how to subsample the codewords since four orthogonal beams composing any Rel-10 4Tx rank 4 codewords can span the full dimension of the 4Tx channel. Therefore, we propose to use the same sub-sampling as rank 3, resulting in the low computational complexity.

Table 6. Codebook subsampling method for PUCCH Mode 2-1.
	RI 
	PMI for W2

	1
	{0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15}

	2
	{0,2,4,6}

	3
	{0,2,8,10}

	4
	{0,2,8,10}


Proposal #2:
       - Adopt Table 4, 5 and 6 for codebook sub-sampling method in PUCCH CSI feedback.
4. Conclusion
In this contribution, we have provided evaluation results for 2a and 2b which are described in [2] and proposed to adopt 2a as a new 4Tx codebook of rank 1-2, and adopt Table 4, 5 and 6 for codebook subsampling method in PUCCH feedback. The following proposals were made:
Proposal #1:
- Adopt 2a in [2] as a new 4Tx codebook of rank 1-2 in Rel-12.
Proposal #2:
       - Adopt Table 4, 5 and 6 for codebook sub-sampling method in PUCCH CSI feedback.
PUCCH Mode 1-1 with submode 1 (type 5 report)

Table 4. Codebook subsampling method for PUCCH Mode 1-1 with submode 1.
	hypotheses
	RI
	PMI for W1

	0-7
	1
	{0,1,2,3,4,5,6,7}

	8-15
	2
	{0,1,2,3,4,5,6,7}

	16
	3
	None (W1 is a identity matrix)

	17
	4
	None (W1 is a identity matrix)


PUCCH Mode 1-1 with submode 2 (type 2c report)
Table 5. Codebook subsampling method for PUCCH Mode 1-1 with submode 2.
	RI
	PMI for W1
	PMI for W2
	total

	
	#bits
	values
	#bits
	values
	#bits

	1
	2
	{0,4,8,12}
	2
	{0, 2, 8, 10}
	4

	2
	2
	{0,4,8,12}
	2
	{0, 1, 4, 5}
	4

	3
	0
	None (W1 is identity matrix)
	4
	{0, 1, 2, 3, 4, 5, 6, 7, 8,
 9, 10, 11, 12, 13, 14, 15}
	4

	4
	0
	None (W1 is identity matrix)
	4
	{0, 1, 2, 3, 4, 5, 6, 7, 8,
 9, 10, 11, 12, 13, 14, 15}
	4


PUCCH Mode 2-1 (type 1a report)

Table 6. Codebook subsampling method for PUCCH Mode 2-1.
	RI 
	PMI for W2

	1
	{0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15}

	2
	{0,2,4,6}

	3
	{0,2,8,10}

	4
	{0,2,8,10}
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE / 20% outdoor UE

	Traffic model
	FTP model 1 [3], 0.7 UEs(packets)/second/cell, 2.0 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU/MU-MIMO switching

	Channel quality report
	Mode 3-1: Wideband PMI per 50 RBs, Subband CQI per 6 RBs

Mode 3-2: Subband PMI/CQI per 6 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 4-tx codebook

	Antenna configuration
	4x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5/4 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	Non-ideal MMSE-IRC with degree of freedom 12 [4]

(DM-RS based algorithm)

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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