3GPP TSG RAN WG1 Meeting #74
 R1-133065
Barcelona, Spain, 19th August – 23rd August 2013
Source: 
ZTE

Title:                    Discussion and performance evaluation on sub-sampling for 4Tx Rank3-4 codebook
Agenda Item:
7.2.2
Document for:
Discussion and Decision
1. Introduction
In RAN1#73 meeting, it was agreed to reuse Rel.8 rank3/4 codebook with the structure of W=W1W2 where W1 W1=Identity, W2=Rel.8 codewords.   Besides this, some of the agreements have been reached regarding how to support rank3/4 codebook in different feedback modes:
· PUSCH Mode 3-2
· Rank 3 & 4: Number of bits of i1 =0, number of bits of i2 =4 (i.e. No sub-sampling)

· If the Rel-12 codebook is configured :

· PUCCH Mode 1-1 Submode 1
· Rank 1-2: FFS until remaining codebook details are agreed. 

· Rank 3 & 4: Number of bits of i2 =4 (i.e. No sub-sampling)

· PUCCH Mode 1-1 Submode 2
· Rank 1-2: FFS until remaining codebook details are agreed.

· Rank 3 & 4: number of bits of i1 =0, number of bits of i2 =4 (i.e. No sub-sampling)

· PUCCH Mode 2-1 
· PTI=0 is not supported for rank 3 & 4.

· Rank 1-2: FFS until remaining codebook details are agreed.

· Rank 3 & 4: 

· Working assumption: Sub-sampling on subband W2 (number of bits of i2 =2); details FFS until remaining codebook details are agreed
One FFS item under the working assumption of rank 3 & 4 codebook sub-sampling is how to do sub-sampling on subband W2 in PUCCH mode 2-1.  
2. Sub-sampling of Rank3/4 codebook
When it was decided to introduce PUSCH mode 3-2 in Rel-12, benefits of subband feedback are identified for MIMO performance especially for MU-MIMO.  It was agreed that subband W2 feedback is also supported in PUSCH mode 3-2 for rank3-4.  Even for rank3-4 CSI, it can be used for MU-MIMO pairing because MU-MIMO is still possible e.g. with selecting two columns of the precoding matrix.  Better support of frequency selectivity with finer frequency granularity is also good for rank3-4 as it is more likely rank3-4 happens in less correlated channel.   In order to align the 8Tx feedback design, subband W2 should also be supported in PUCCH mode 2-1 for rank3-4.  This also makes it consistent with rank1-2 feedback so that the UE doesn't need to do different kind of feedback depending on the rank.  Therefore, we propose to confirm the working assumption of supporting subband W2 feedback on PUCCH mode 2-1.
In widely spaced XPOL configuration, the channel is more likely to support rank3-4 transmission.  Figure 1 provides the distribution of Rank3-4 codeword selection under such configuration. 
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Figure 1 Distribution of codeword selection 
From figure 1, it can be seen that Rank3-4 codewords indexes 0,1,2,3,8,9,10,11 are more likely to be selected.  We also note that these codewords match the structure of 8Tx rank3-4 codebook as shown in Table 1 

To narrow down the scope, we suggest that sub-sampled codewords should be chosen from the set of {0, 1, 2, 3, 8, 9, 10, 11}.
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                                                  Table 1  Rank 3 codebook structure

Based on the above analysis, we give some alternatives for subsamping:
Alt1: 2 sub-sampled codewords are constructed by base vectors (v1, v3), the other 2 sub-sampled codewords are constructed by base vector (v2, v4)

· Alt1-a  sub-sampled codeword indexes are 0,1,2,3

· Alt1-b  sub-sampled codeword indexes are 8,9,10,11

· Alt1-c  sub-sampled codeword indexes are 0,1,2,9
Alt2:  all the 4 sub-sampled codeword are constructed by two base vectors (v1, v3) or (v2, v4)
· Alt2-a  sub-sampled codeword indexes are 0,2,8,10

· Alt2-b sub-sampled codeword indexes are 1,3,9,11.

Alt1 has the similar sub-sampling method to the 8Tx rank3-4 codebook sub-sampling in PUCCH mode 2-1.  It contains more base vectors.  Alt2 has less base vector but has more combinations for the two base vectors.  This may have larger chordal distance in general but it may not fit to the XPOL structure very well. When we consider sub-sampling for 8Tx codebook, codebook sampling is done similar to Alt1 to fit better to the XPOL structure.  Therefore, we propose to adopt Alt1.  
Proposal：

· Confirm the working assumption of supporting subband W2 on PUCCH mode 2-1.  Sub-sampled codeword indexes should be chosen from the set of {0,1,2,3,8,9,10,11}
· Adopt one of the Alt-1 sub-sampling schemes which has 2 codewords constructed from base vectors (
[image: image18.wmf]1

v

=
[image: image19.wmf]1

1

éù

êú

ëû

,
[image: image20.wmf]3

v

=
[image: image21.wmf]1

1

éù

êú

-

ëû

) and 2 other codewords constructed for base vectors (
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3. Simulation results
In this section, evaluation is done to compare the performance of the three sub-sampling schemes in alternative 1 and two sub-sampling schemes in alternative 2.  PUCCH 2-1 mode is used.  
-Alt1-a: The indexes of codewords are 0,1,2,3
-Alt1-b: The indexes of codewords are 8, 9,10,11
-Alt1-c: The indexes of codewords are 0, 1, 2, 9 
-Alt2-a sub-sampled codeword indexes are 0,2,8,10.

-Alt2-b sub-sampled codeword indexes are 1,3,9,11.

Table 1 Performance under PUCCH 2-1 feedback mode and Full Buffer traffic
	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Alt1-a (baseline)
	3.223
	0.0796
	2.829
	0.0660

	Alt1-b
	3.215 (-0.25%)
	0.0811 (+1.88%)
	2.822 (-0.25%)
	0.0674 (+2.12%)

	Alt1-c
	3.226 (+0.09%)
	0.0775 (-2.64%)
	2.825 (-0.14%)
	0.0665 (+0.76%)

	Alt2-a
	3.225 (+0.08%)
	0.0801 (+0.63%)
	2.834 (+0.20%)
	0.0640 (-3.03%)

	Alt2-b
	3.209 (-0.42%)
	0.0768 (-3.52%)
	2.830 (+0.07%)
	0.0661 (+0.15%)


Observation:
- Alt1-b has slightly better performance comparing with Alt1-a, Alt1-c, Alt2-a and Alt2-b.  
4. Conclusion
Sub-sampling on rank 3-4 codebook is discussed in this contribution.  According to analysis and evaluation results,  we have the following proposals:
Proposals：

· Confirm the working assumption of supporting subband W2 on PUCCH mode 2-1.  Sub-sampled codeword indexes should be chosen from the set of {0,1,2,3,8,9,10,11}

· Adopt one of the Alt-1 sub-sampling schemes which has 2 codewords constructed from base vectors (
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) and 2 other codewords constructed for base vectors (
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· Adopt Alt1-b which sub-samples the Rel-8 rank3-4 codebook to contain the codewords with indexes 8,9,10,11.
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Appendix A: Simulation assumptions and parameters
Table A.1 System Level Simulation Assumptions

	Parameters
	Assumptions

	Deployment scenario
	Scenario A

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

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ/4λ separation, 

Receiver: 4 Rx cross-polarized antenna at UE

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS, SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	Scheduler 
	Proportional Fair

	Feedback mode
	PUCCH mode 2-1

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS

error modeling 
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is used

	Subband size
	6RBs 

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer 

	Outdoor-Indoor Ratio
	20% outdoor/80% indoor 
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