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1. Introduction
For Rel-10, the following CSI feedback modes on PUCCH mode 1-1 were agreed in [1]:

· CSI mode 1: Extension of Rel.8 PUCCH mode 1-1 with RI and W1 signalled in the same subframe 

· CSI mode 2: 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
As explained in [3], sub-sampling is needed in CSI mode 2 for PUCCH feedback mode 1-1, where for the 8 tx case feedback corresponding to both W1 and W2 needs to be sent in the same PUCCH report without exceeding the available bit-width. 
In this contribution we discuss some possible sub-sampling methods for W1/W2 feedback on PUCCH mode 1-1 in CSI mode 2 and evaluate the performance for 8-Tx co-polarized and cross-polarized antennas.
2. CSI mode 2
For 8-Tx antennas, the following reports are supported for CSI mode 2.
Report 1: 3 bits for the rank
Report 2:
· 4 bits for W1+W2

· 4 bits for the CQI

· 3 bits for the spatial deltaCQI if rank is higher than 1
3. W1/W2 feedback for CSI mode 2
3.1 8-Tx codebooks
In the way forward [2], 8-Tx codebooks for rank 1-8 are agreed as follows:
· Rank 1-2 codebook
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where 
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 is a 4x1 selection vector with all zeros except for the k-th element with value 1.
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· Rank 3-4 codebook
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· Rank 5-8 codebook: refer to [2]
The payload size of 8-Tx codebooks [2] for rank 1-8 is summarized as follows:

· Rank 1/2: 4-bit 
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, 4-bit 
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· Rank 3: 2-bit 
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, 4-bit 
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· Rank 4: 2-bit 
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, 3-bit 
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· Rank 5-7: 2-bit 
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, 0-bit 
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· Rank 8: 0-bit 
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For CSI mode 2, only 4 bits could be used for feedback W1 and W2. So rank 1-4 codebooks should be sub-sampled to total 4 bits.
3.2 Sub-sampling for rank 1-2 8-Tx codebooks
In this section, three PMI sub-sampling schemes are outlined for CSI mode 2. The basic principle of sub-sampling is to select some codewords having the form of 8-Tx DFT vectors, suitable for ULA, and the other codewords are selected for CLA.
· Scheme 1
Select 16 4-Tx DFT vectors in W1 design and construct four 8-Tx DFT vectors generated from W1 and W2. 
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 is the same as the original 4-bit codebook, while 
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 is fixed. The codebooks 
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 after sub-sampling are shown as follows:
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· Rank 1:           
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· Rank 2:           
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· Scheme 2
Select 16 4-Tx DFT vectors in W1 design and construct sixteen 8-Tx DFT vectors generated from W1 and W2. 
[image: image25.wmf]1

C

 is the same as the original 4-bit codebook. The codebooks 
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 after sub-sampling are shown as follows:
· Rank 1:          
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· Scheme 3
Select 8 4-Tx DFT vectors in W1 design and construct four 8-Tx DFT vectors generated from W1 and W2. 
[image: image42.wmf]1
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 and 
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 are sub-sampled to 3 bits and 1 bits respectively and shown as follows:
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· Rank 1:           
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3.3 Sub-sampling for rank 3-4 8-Tx codebooks
To obtain the nested property in the rank 3-7 codebooks, sub-sampling of the rank 3-4 codebooks could be done as follows:
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 is the same as the original 2-bit codebook, while 
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 is sub-sampled as

· Rank 3: 
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Hence, together with the sub-sampling scheme 1 for rank 1-2, the codebooks from rank 1 to 7 after sub-sampling have the nested property.
4. System-level simulation assumptions and results
In this section, the three sub-sampling schemes are evaluated by system level simulation for both co-polarized and cross-polarized antennas. Simulation assumptions and parameters are listed in the Appendix. The results are given in Table 1 for co-polarized and cross-polarized 8 tx antenna configurations. 
Table 1 CSI mode 2 
	Antenna
	PMI Feedback
	Small Angle Spread (8 degree)
	Large Angle Spread (15 degree)

	
	
	Average Cell SE (bps/Hz/cell)
	Cell-edge User SE (bps/Hz/user)
	Average Cell SE (bps/Hz/cell)
	Cell-edge User SE (bps/Hz/user)

	8-Tx ULA 0.5wl
	Scheme 1
	2.62 (100%)
	0.044 (100%)
	2.58 (100%)
	0.037 (100%)

	
	Scheme 2
	2.87 (109.54%)
	0.078 (177.27%)
	2.76 (106.98%)
	0.069 (186.49%)

	
	Scheme 3
	2.75 (104.96%)
	0.058 (131.82%)
	2.63 (101.94%)
	0.052 (140.54%)

	8-Tx CLA 0.5wl
	Scheme 1
	3.09 (100%)
	0.052 (100%)
	2.96 (100%)
	0.049 (100%)

	
	Scheme 2
	3.04 (98.38%)
	0.055 (105.77%)
	2.90 (97.97%)
	0.053 (108.16%)

	
	Scheme 3
	3.02 (97.73%)
	0.055 (105.77%)
	2.92 (98.65%)
	0.052 (106.12%)


Observations:

· For 8-Tx ULA, among the three sub-sampling schemes, scheme 2 shows the best performance for ULA with 7%-10% gain on average cell SE compared with scheme 1. The performance of scheme 3 is between that of scheme 1 and scheme 2.
· For 8-Tx CLA, scheme 1 shows the best performance on average cell SE. Besides, by using scheme 1 and the rank 3-4 sub-sampling scheme in section 3.3, the rank 1-7 codebooks have the nested property.
· When selecting the sub-sampling scheme, the tradeoff between ULA and CLA needs to be considered.
· Sub-sampling of W1 and/or W2 to the 4-bit payload size available on the PUCCH leads to significant performance loss. Further enhancement could be considered to sub-sample CQI reports to e.g. 3bits instead of 4bits so that one saved bit could be used to feed back W1+W2. The enhanced performance could be significant due to improved feedback accuracy of W1+W2, while the performance loss from sub-sampled CQI could be small considering that CQI itself is not accurate due to various system impairments, and outer-loop adjustment of the CQI at the eNB can minimize the impact of sub-sampling the CQI.
4. Conclusion
This contribution evaluates the performance of PUCCH mode 1-1 in CSI mode 2. Several sub-sampling schemes are provided and compared for 8-Tx co-polarized and cross-polarized antennas.
We conclude that:
·  By using sub-sampling scheme 1, the rank 1-7 codebooks could have the nested property.
·  Sub-sampling scheme 2 shows the best performance for co-polarized antennas.

·  When selecting the sub-sampling scheme, the tradeoff between ULA and CLA needs to be considered. 
·  Further enhancement could be considered by sub-sampling the CQI reports so that the saved bit(s) could be used to improve the feedback accuracy of W1+W2.
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Appendix Simulation assumptions and parameters
	Parameter
	Assumptions used for evaluation

	Deployment scenario
	3GPP case 1 3D, SCM-UMa with high angle spread (15deg) and   low angle spread (8deg)

	Number of cells
	19 cells with 3 sectors per cell

	Wrap-around model
	Yes

	Duplex method and bandwidths
	FDD: 10MHz for downlink

	Network synchronization
	Synchronized

	Traffic model
	Full-buffer

	Number of UEs per sector
	10

	Maximum number of co-scheduled UE
	1

	Handover margin
	1.0 dB

	eNB Antenna assumptions
	8Tx:
· Co-polarized antennas with 0.5-lambda spacing (ULA): Vertically polarized
· Cross-polarized antennas with 0.5-lambda spacing (CLA): +/- 45 degrees

	UE antenna assumptions
	2Rx:

· A single co-polarized ULA with 0.5-lambda spacing with vertical polarization
· One pair of cross-polarized antennas with polarization angles of +90/0 degrees

	UE antenna orientation
	Random distribution within range [-90, 90] degrees

	Calibrated antenna array
	Ideal

	Downlink transmission scheme
	CSI mode 2 : SU-MIMO, max 2 rank per UE


	Downlink scheduler
	Proportional fair, frequency selective

	Feedback assumptions (feedback periodicity in time domain, feedback granularity in frequency domain)
	CSI mode 2: wideband PMI, and wideband CQI

	
	Wideband CQI report: 5ms periodicity, 6ms delay, with measurement error: N(0,1dB) per PRB

	
	Wideband W1 and W2 report:
CSI mode 2: 5ms periodicity for W1 and W2, and 6ms feedback delay

	CQI
	SU-CQI feedback

	Downlink HARQ scheme
	Synchronous HARQ, Chase combining

	Downlink receiver type
	MMSE

	CSI-RS based CSI estimation error
	Real

	DM-RS channel estimation
	Real

	Feedback error
	1% codeword error rate

	HARQ
	Chase combing with max 4 retransmissions

	Control channel and reference signal overhead
	As agreed in ITU assumption with PDCCH of 3 OFDM symbols

R10 feedback: 0.3063
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