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1 Introduction
In RAN1#62 meeting, RAN1 reached an important agreement regarding CSI feedback signaling in the following WF [1] regarding periodic PUCCH CSI feedback:

· Extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signaled in the same subframe 

· Codebook subsampling may be performed depending on the final codebook design (to ensure that the total payload is sufficiently small)

· W is determined from 2-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1: RI and W1, jointly encoded 

· Report 2: wideband CQI and wideband W2 

· If W2 codebook C2 is of size 1, wideband W2 is not signaled

· Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame

· For each rank, a subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· For each rank, the subset of C1 and subset of C2 are fixed and hence not configurable

· For each rank, the subset of C1 and the subset of C2 are designed either separately or jointly

· For example: different subsets of possible co-phasing are used for different groups of beam angles

For PUSCH CSI mode, it is agreed [2] that Natural extension of Rel.8 aperiodic PUSCH CQI/PMI modes are supported in Rel.10.Some further clarifications were also included:
· UE-specific codebook subset restriction following the Rel.8 principle is supported in Rel.10

· FFS support of PUSCH mode 3-2 with subband PMI + subband CQI targeting feedback accuracy improvements for MU/SU in Rel.10.

· FFS whether Mode 2-2 is finally supported depending on agreements / details of Mode 3-2

· i.e. mode 2-2 and/or mode 3-2 may finally be supported. 

These agreements represent the progress RAN1 has made regarding DL MU-MIMO CSI feedback reporting. Based on this agreement, this contribution outlines our views about some further details the feedback design.
2 Further Aspect on CSI reporting mode on PUCCH
For PUCCH, the agreements in RAN1 #62 define the framework of the CSI reporting mode in Rel-10. To keep the maximum overhead of report (limited by PUCCH format) the same as in Rel-8/9, codebook subsampling has to be implemented. 

According to the agreement regarding PUCCH CSI reporting, two possible modes extended from Rel-8/9 mode 1-1 shall be considered. We design the subsampling scheme for these two modes in the following sections.
2.1 Codebook subsampling for CSI mode I
For PUCCH extension 1-1 with RI and W1 signaled in the same frame, the focus is how to subsample the joint encoded RI/W1 in CSI mode 1. An example of the joint encoding of W1 and RI is shown in Table 1, where Alt1 is the preferred scheme.  There are 31 hypotheses altogether for ranks up to 8, hence 5 bits is required. When RI=1 or 2, RI and PMI1 are jointly encoded in report type 1. In this case, there are 8 states for representing W1 for RI=1 and 8 states for representing W1 for RI=2. For RI≥3, 15 states are used to represent rank equal 3 to 8. This adds up to 31 states. Therefore, a total 5-bit signalling needs to be used to report the RI and PMI1. The remaining one state can be used to represent some reserved case.  
	
	RI=1
	RI=2 
	RI=3
	RI=4 
	RI=5 
	RI=6 
	RI=7 
	RI=8 
	

	RI/W1 states
	8 
	8
	4 
	4 
	2 
	2 
	2 
	1 
	Alt1:Total 31 states

	
	8 
	8
	2 
	2 
	4 
	4
	2
	1
	Alt2:Total 31 states


Table 1 Example of subsampling of joint RI/W1
We notice that there is another potential issue about the codebook for rank 5 ~ rank 8. We propose small modification of the current codebook format representation (No change of the codebook itself) ,for example , for rank 5 codebook in Table 6.3.4.2.3-7 [5] ,we propose that  Table 2 can be used instead.
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Table 2 Codebook for 5-layer CSI reporting using antenna ports 15 to 22.
The advantage of this representation is there’s no extra bit required for W1(Rank,5,6,7).and PMI for Rank5,6,7 can be reported short term/per subband.  Subband PMI can be useful for rank5-7 cases as high rank usually happens in uncorrelated channel which is more frequency selective.  Another example of the joint encoding of W1 and RI for this case is shown in Table 3.  Since rank5-8 each has one state only in this case, more states can be allocated to rank1-4 which can improve the rank1-4 performance comparing with table 1.
	
	RI=1
	RI=2 
	RI=3
	RI=4 
	RI=5 
	RI=6 
	RI=7 
	RI=8 
	

	RI/W1 states
	8 
	16
	2 
	2 
	1 
	1 
	1 
	1 
	Alt3:Total 31 states

	
	 16 
	8
	2 
	2 
	1 
	1
	1
	1
	Alt4:Total 31 states

	
	8
	8
	4
	4
	1
	1
	1
	1
	Alt5:Total 28 states


Table 3 Example of subsampling of joint RI/W1
2.2 Codebook subsampling for CSI mode II
In [6],the 8Tx codebook has been agreed, codebook definition can be found in [5].  For CSI mode 2, W1 and W2 are signaled in the same subframe.  For each rank, a subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits. To form these subsets, codebook C1 and codebook C2 are sub-sampled either separately or jointly.
Subsampling for PUCCH (Alt I)：Separately subsampling
Table 4 shows a final separately subsampled codebook example 

	Rank1 
[image: image4.wmf]1

i

{0,2,4,6,8,10,12,14}  
[image: image5.wmf]2

i

{0,1}

	
[image: image6.wmf](1)

0,0

W


	
[image: image7.wmf](1)

0,1

W


	
[image: image8.wmf](1)

4,0

W


	
[image: image9.wmf](1)

4,1

W


	
[image: image10.wmf](1)

8,0

W


	
[image: image11.wmf](1)

8,1

W


	
[image: image12.wmf](1)

12,0

W


	
[image: image13.wmf](1)

12,1

W



	
[image: image14.wmf](1)

16,0

W


	
[image: image15.wmf](1)

16,1

W


	
[image: image16.wmf](1)

20,0

W


	
[image: image17.wmf](1)

20,1

W


	
[image: image18.wmf](1)

24,0

W


	
[image: image19.wmf](1)

24,1

W


	
[image: image20.wmf](1)

30,0

W


	
[image: image21.wmf](1)

30,1

W



	Rank2 
[image: image22.wmf]1

i

{0,2,4,6,8,10,12,14}  
[image: image23.wmf]2

i

{0,1}

	
[image: image24.wmf](2)

0,0,0

W


	
[image: image25.wmf](2)

0,0,1

W


	
[image: image26.wmf](2)

4,4,0

W


	
[image: image27.wmf](2)

4,4,1

W


	
[image: image28.wmf](2)

8,8,0

W


	
[image: image29.wmf](2)

8,8,1

W


	
[image: image30.wmf](2)

12,12,0

W


	
[image: image31.wmf](2)

12,12,1

W



	
[image: image32.wmf](2)

16,16,0

W


	
[image: image33.wmf](2)

16,16,1

W


	
[image: image34.wmf](2)

20,20,0

W


	
[image: image35.wmf](2)

20,20,1

W


	
[image: image36.wmf](2)

24,24,0

W


	
[image: image37.wmf](2)

24,24,1

W


	
[image: image38.wmf](2)

28,28,0

W


	
[image: image39.wmf](2)

28,28,1

W



	Rank3 
[image: image40.wmf]1

i

{0,1,2,3}  
[image: image41.wmf]2

i

{0,1}

	
[image: image42.wmf](3)

0,0,8

W


	
[image: image43.wmf](3)

8,0,8

W


	
[image: image44.wmf](3)

4,4,12

W


	
[image: image45.wmf](3)

12,4,12

W


	
[image: image46.wmf](3)

8,8,16

W


	
[image: image47.wmf](3)

16,8,16

W


	
[image: image48.wmf](3)

12,12,20

W


	
[image: image49.wmf](3)

20,12,20

W



	
[image: image50.wmf](3)

16,16,24

W


	
[image: image51.wmf](3)

24,16,24

W


	
[image: image52.wmf](3)

20,20,28

W


	
[image: image53.wmf](3)

28,20,28

W


	
[image: image54.wmf](3)

24,24,0

W


	
[image: image55.wmf](3)

0,24,0

W


	
[image: image56.wmf](3)

28,28,4

W


	
[image: image57.wmf](3)

4,28,4

W



	Rank3 
[image: image58.wmf]1

i

{0,1,2,3}  
[image: image59.wmf]2

i

{0,1,4,5}

	
[image: image60.wmf](4)

0,8,0

W


	
[image: image61.wmf](4)

0,8,1

W


	
[image: image62.wmf](4)

4,12,0

W


	
[image: image63.wmf](4)

4,12,1

W


	
[image: image64.wmf](4)

8,16,0

W


	
[image: image65.wmf](4)

8,16,1

W


	
[image: image66.wmf](4)

12,20,0

W


	
[image: image67.wmf](4)

12,20,1

W



	
[image: image68.wmf](4)

16,24,0

W


	
[image: image69.wmf](4)

16,24,1

W


	
[image: image70.wmf](4)

20,28,0

W


	
[image: image71.wmf](4)

20,28,1

W


	
[image: image72.wmf](4)

24,0,0

W


	
[image: image73.wmf](4)

24,0,1

W


	
[image: image74.wmf](4)

28,4,0

W


	
[image: image75.wmf](4)

28,4,1

W




Table 4 4bit Separately subsamping for PUCCH

Subsampling for PUSCH (Alt II)：Jointly subsampling
Table 5 shows a final jointly subsampled codebook example. Different subsets of possible co-phasing used for different groups of beam angles can be considered [1]. If a 4 bit subsampled codebook is used, the following subsampling can be adopted:
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Table 5 4bit Jointly Subsampled codebook for PUCCH

Note that Rank1,2,4 ,5,6,7 satisfy the nested property. For Rank1, if 7 bit codebook is used for this report type (Note that CQI is only 4bit for Rank1) , then subsampling can be done for PMI1 only, i.e. reducing the number of possible i1 to 8 cases as follows:  
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3 Further Aspect on CSI reporting mode on PUSCH

In Rel.10 PUSCH reporting mode, both subband precoding (mode 1-2) and subband CQI report (3-1) for two PMIs feedback are supported. Both provides important subband CSI information as follows 

· Subband CQI is important to realize frequency selective scheduling gain, which is important for e.g. highly loaded cell (e.g. 10 users /cell). 

· Subband PMI exploits subband precoding gain which is particular important for an uncorrelated antenna set (e.g. dual-polarized). 

Discussion in this contribution focuses on how to reduce the overhead of mode 3-2, as well as method to improve the feedback granularity for mode 2-2. In the following sections, these two issues were discussed.
3.1 Considerations on PUSCH Reporting Mode 3-2
Mode 3-2 was one of the CSI reporting mode discussed in Rel.8, but was later removed due to the Rel.8 timeline and the large overhead. It has been proposed that this mode shall be re-introduced in LTE-A, to enable UE with the ability to report subband precoder selection. One of the disadvantages of this mode is the reporting overhead, and we give two alternative subsampling methods below to reduce the overhead.  In tables 6 and 7, we show two alternatives of codebook sampling for PUSCH mode 3-2.  For both alternatives, subsampling is not done to rank1 codebook because rank1 feedback consumes less number of bits with only one CQI comparing with the two codeword case in higher ranks.  Alternative 1 has 1 bit reduction for each subband. The maximum number of bits for each subband PMI is 3.  
Subsampling for PUSCH (Alternative  I) :1bit reduction for Rank2,3,1bit for Rank4, No subsampling for Rank1

	Alternative  I
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Table 6  Subsampled codebook for Rank1-4 on PUSCH mode 3-2 Alternative  I
Alternative 2 has 2 bit reduction for each subband.  The maximum number of bits for each subband PMI is 2.  
Subsampling for PUSCH (Alternative  II) :2bit reduction for Rank2,3,4, No subsampling for Rank1
	Alternative  II
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Table 7  Subsampled codebook for Rank1-4 on PUSCH mode 3-2 Alternative  II
3.2 Considerations on PUSCH Reporting Mode 2-2

Another approach to increase MU-MIMO performance is through mode 2-2 enhancement; there could be two possible alternatives:
Alt I：
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Figure 1  Mode 2-2 enhacement Alt I
For this alternative, PMI2 and CQI(s) for each non-consecutive M preferred subbands will be fed back as well as wideband PMI1,PMI2 and CQI(s). Alternative I can be viewed as a simplified form of  Mode 3-2 , with only CQI/PMI for each Best M subband. Note from the simulation result shown in section 4 we observed that this scheme has the advantage of being able to achieve similar performance but with fewer overhead ( 40% overhead saving in 10Mhz when compared with Mode 3-2),
Alt II
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                                                                  Figure 2  Mode 2-2 enhacement Alt II
For this alternative, PMI2 and CQI(s) for consecutive M preferred subbands shall be fed back, as well as the wideband PMI1,PMI2 and CQI(s).A combinatorial index r indicating the M subbands shall be adopted instead of a start subband index.  
4 Performance Evaluation
In this section, we show the performance comparison of different CSI reporting design through link & system level simulations. 
4.1 PUCCH Simulation Result
· PUCCH Subsampling Alt I and II （Link Level Simulation result）
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Figure 3 8*2  XPOL 0.5lambda Case1 
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Figure 4 8*2  ULA 0.5lambda Case1 
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Figure 5  8*4  XPOL 4lambda Case1 
[image: image188.wmf]15

o

,SU-MIMO PUCCH subsampling

Observations:

· Jointly subsampled codebook performs better than separately codebook , especially for ULA case 
4.2 PUSCH Simulation Result
· 8Tx PUSCH Mode 3-2 Non-subsampling/Subsampling Alt I/ and II  （Link Level Simulation result）
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Figure 6 8*2  XPOL 0.5lambda Case1 
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Figure 7 8*4  XPOL 4lambda Case1 
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· 8Tx  PUSCH Mode  3-2 Non-subsampling/Subsampling Alt I/ and II && 2-2 enhancement  Alt I/ and II  （System Level Simulation result）
	
	Mode 3-2
	Mode 3-2

Subsampling-I
	Mode 3-2

Subsampling-II
	Mode 2-2 

enhancement-I
	Mode 2-2

 enhancement-II

	Cell average
	3.8157
	3.7459
	3.7465
	3.7779
	3.5457

	Cell edge
	0.1294
	0.1281
	0.1283
	0.1354
	0.1165


Table 8  3GPP Case 1 
[image: image193.wmf]15

o

,XPOL, 8*2 ,SU/MU,0.5lambda
	    
	Mode 3-2
	Mode 3-2

Subsampling-I
	Mode 3-2

Subsampling-II
	Mode 2-2 

enhancement-I
	Mode 2-2

 enhancement-II

	Cell average
	4.0551
	3.9524
	3.9558
	4.0050
	3.7442

	Cell edge
	0.1604
	0.1480
	0.1478
	0.1560
	0.1339


Table 9 3GPP Case 1 
[image: image194.wmf]8

o

,XPOL, 8*2,SU/MU,0.5lambda
· 4Tx   PUSCH 3-2&2-2 System level Simulation result（System Level Simulation result）
	    
	Mode 3-2
	Mode 2-2 

enhancement-I
	Mode 2-2

 enhancement-II

	Cell average
	3.0373
	3.0195
	2.7466

	Cell edge
	0.0818
	0.0877
	0.0728


Table 10 3GPP Case 1 
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	Mode 3-2
	Mode 2-2 

enhancement-I
	Mode 2-2

 enhancement-II

	Cell average
	3.1614
	3.1440
	2.8494

	Cell edge
	0.0967
	0.0939
	0.0828


Table 11 3GPP Case 1 
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Observations:

· For PUSCH 3-2, codebook with subsampling on subband PMI2 (1-bit or 2-bit reduction) performs similarly with codebook with no sub sampling
· Mode 2-2 enhancement-I performs similarly with Mode 3-2

· Significant performance gap between Mode 3-2 and Mode 2-2 enhancement-II
5 Conclusion
In this contribution, we provided our views on aperiodic PMI/CQI/RI reporting of a double codebook structure on the PUSCH/PUCCH in Rel. 10. Based on the discussion and simulation result, we have the following proposals:
Proposal 1: In PUCCH mode 1-1 corresponding to CSI mode 1, subsampling is done according to Table1. 

Proposal 2: In PUCCH mode 1-1 corresponding to CSI mode 2, jointly subsampling is preferred and shall be done according to Table 5.
Proposal 3: In PUSCH mode 3-2 , subsampling can be done according to Table 6 or Table 7.

Proposal 4: In PUSCH mode 2-2  subsampling shall be done according to Figure 1.
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Appendix
Table A2: System level simulation assumptions
	Parameter
	Assumption

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

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D – Urban Macro (Low Spread)

	Antenna spacing at (eNB,UE)
	((/2 or 4(,N/A) for 8x2, ((/2,N/A) for 4x2

	Antenna polarization for DP configurations
	+/-45(at eNB,  90/0(at UE

	CQI/PMI/RI reporting interval
	5ms for CQI/PMI, 20ms for RI

	CQI/PMI granularity 
	Subband CQI, Subband PMI, 6RB granularity

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Channel estimation

	Non-ideal

	MU Precoding algorithm
	Zero forcing
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