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1. Introduction
It was agreed in RAN1#72bis to introduce a 4Tx codebook for rank-1/2 in Rel.12 satisfying double-codebook stricture.  In RAN1#73 and ensuing email discussion, it was agreed to adopt the following rank-1/2 codebook in Rel.12 and reuse the legacy rank-3/4 codebooks. 
Codebook 2a
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Outstanding issues of Rel.12 codebook design include subsampling details for various PUCCH modes. In RAN1#73, the following subsampling details were agreed.
Agreements: 

W1=Identity, W2=Rel.8 codewords

· PUSCH Mode 3-2
· Rank 3 & 4: Number of bits of i1 =0, number of bits of i2 =4 (i.e. No subsampling)

· 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 subsampling)

· 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 subsampling)

· 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: Subsampling on subband W2 (number of bits of i2 =2); details FFS until remaining codebook details are agreed

It was further agreed in the email discussion after RAN1#73 that:
·  [0,1,2,…7] for the subsampling for rank 2 W1 in PUCCH mode 1-1, submode 1. 

In this contribution we provide our views on the remaining PUCCH subsampling details for 4Tx.
2. Discussion

To avoid unnecessary specification and implementation complexity, the following high-level principle is preferred in our view. 

Proposals:
· Apply the same W1 subsampling for different ranks, when applicable, for each PUCCH mode.

2.1. PUCCH mode 1-1, submode 1

For rank-1, the following subsampling schemes have been proposed:
· Alt-1: No subsampling, i1 = [0,1,2,…15]
· Alt-2: i1 = [0,1,…7] 
· Alt-3: i1 = [0,2,… 14] 
It’s noted that alt-2 has been agreed for rank-2.
Alt-1 provides the maximum feedback granularity for rank-1. On the other hand, alt-1 increases the feedback overhead and is expected to degrade the PUCCH reliability. Therefore we feel alt-1 may be considered if the downlink throughput performance, considering realistic PUCCH reliability, is superior to other alternatives.
Alt-2 and alt-3 have the same feedback overhead. A comparison between these two alternatives should focus on the system throughput, standard impact and implementation complexity. Since there are no redundant precoders in the rank-1 codebook and both alt-2/3 use half of the precoders, no significant performance difference is expected between alt-2 and alt-3. On the other hand, alt-2 may be slightly simpler from the specification and UE implementation perspectives because the same W1 codebook is used for rank-1 and rank-2 PMI search. 

To further assess the performance of alt-2 and alt-3, link and system-level performance are provided in Figures 1-2 and Tables 1-2, respectively. It can be seen that alt-2 and alt-3 have very similar downlink performance. 
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Fig. 1: Spectral efficiency, XPD 0.5L  
      Fig. 2: Spectral efficiency, XPD 4L
Table 1: Full-buffer traffic spectral efficiency (bps/Hz), 4x2 SU/MU-MIMO

	Antenna configuration
	Subsampling
	cell-edge SE
	cell-edge gain
	cell-average SE
	cell-edge gain

	XPD 0.5L
	Alt-2
	0.0434
	0.0%
	1.596
	0.0%

	
	Alt-3
	0.0436
	0.4%
	1.597
	0.1%

	XPD 4L
	Alt-2
	0.0438
	0.0%
	1.601
	0.0%

	
	Alt-3
	0.0439
	0.2%
	1.605
	0.2%


Table 2: FTP traffic user perceived spectral efficiency (bps/Hz), 4x2 SU/MU-MIMO
	Antenna configuration
	Subsampling
	5% UPT
	Gain
	Average UPT
	Gain

	XPD 0.5L
	Alt-2
	0.413
	0.0%
	1.966
	0.0%

	
	Alt-3
	0.414
	0.2%
	1.974
	0.4%

	XPD 4L
	Alt-2
	0.413
	0.0%
	2.041
	0.0%

	
	Alt-3
	0.413
	0.0%
	2.038
	-0.1%


Conclusion:

· Alt-1 may be considered if the downlink throughput performance, considering realistic PUCCH reliability, is superior to other alternatives.
· Alt-2 ([0,1,…7]) and alt-3 ([0:2:14]) have similar throughput performance. Alt-2 is slightly simpler from the UE implementation perspective as the same W1 codebook is used for rank-1 and rank-2. 
2.2. PUCCH mode 1-1, submode 2

For submode 2, W1/W2 and CQI are jointly encoded.  The W1/W2 payload is limited to 7 bits in rank-1, and 4-bit in rank-2. 
For rank-1, W1 can be allocated with 3-bits and W2 can be allocated with 4–bits. In other words, no subsampling is needed for W2. For W1, both i1 = [0:7] or i1 = [0:2:14] are possible as they achieve the similar performance as shown in Section 2.1. On the other hand, it is beneficial to have the same W1 subsampling for rank-1 and rank-2 in order to reduce the specification and implementation complexity. 

For rank-2, 1-bit can be allocated to W2, e.g., [e1] with two co-phasing choices. For W1, 3-bit subsampling may be achieved by i1 = [0:7] or i1 = [0:2:14]. Considering that the W1 matrices comprise non-adjacent beams, it is preferable to have i1 = [0:2:14] to cover the entire DFT subspace. 
Proposal:

· W1: i1 = [0:2:14], rank-1 and rank-2.
· W2: 
· Rank-1:    No subsampling. 
· Rank-2:    
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2.3. PUCCH mode 2-1
The reporting structure of PUCCH mode 2-1 is summarized below
· W is determined from 3-subframe report conditioned upon the latest RI report

· Reporting format

· Report 1 (Type 6): RI and 1-bit precoder type indication (PTI) 
· Report 2: 

· PTI = 0: W1 will be reported (Type 2a)

· PTI = 1: wideband CQI and wideband W2 will be reported  (Type 2b)

· Report 3: 

· PTI = 0: wideband W2 and CQI will be reported (Type 2b)

· PTI = 1: subband CQI, subband W2 (Type 1a), plus a 2-bit indicator signalling the selected subbands.

The total number of CSI bits on each PUCCH transmission shall satisfy the following constraint: 
· Type 6:    3-bit joint encoding of RI and PTI, no subsampling is needed.
· Type 2a:  wideband W1( 4-bit for rank-1/2,  0-bit for rank-3/4), no subsampling is needed.

· Type 2b:  wideband W2 (4-bit for rank-1/2,  4-bit for rank-3/4) and CQI (4-bit for rank-1 and 7-bit for rank>1),  no subsampling is needed.

· Type 1a:  subband W2 + subband CQI (4-bit for rank-1 and 7-bit for rank>1)  + L (e.g. =2) bits subband indicator

· Rank1:      subband W2 payload is 4-bit 
· Rank>1:    subband W2 payload is 2-bit

As can be seen, subsampling is only needed for PUCCH type 1a for rank-2/3/4, with 2-bit W2.
For rank-2, since W2 codebook is identical for 4Tx and 8Tx, the same W2 subsampling of 8Tx can be reused for 4Tx. 
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For rank-3/4, W2 reuses the Rel.8 codebook, which comprises eight DFT components and eight non-DFT components. It is possible to choose two DFT component (e.g. i2 = 0,2) and two non-DFT components (e.g. i2 = 8, 10) to achieve a balance in all antenna configurations and deployment scenarios. In the following we compare the link and system-level performance of three rank-3/4 subsampling designs. It is assumed rank-1 has no subsampling, and rank-2 subsampling is according to Eqn. (1). 
· Alt-1: i = 0,2,8,10

· Alt-2: i = 0,1,2,3  
· Alt-3: i = 12,13,14,15

Link-level performance of 4x4 SU-MIMO with various antenna configurations is summarized in Fig. 3 – 5, and system performance with FTP model 1 is provided in Table 3. From these results, it is observed that alt-1 (i = 0, 2, 8, 10) has the best performance in various antenna configurations. 
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Fig. 3: Spectral efficiency, XPD 0.5L  
      Fig. 4: Spectral efficiency, XPD 4L
[image: image8.emf]15 20 25 30 35 40

4

5

6

7

8

9

10

geometry (dB)

average user throughput (bps/Hz

 

 

i = [0,2,8,10]

i = [0,1,2,3]

i = [12,13,14,15]


Fig. 5: Spectral efficiency, ULA 0.5L

Table 3: FTP traffic user perceived spectral efficiency (bps/Hz), 4x4 SU-MIMO

	Antenna configuration
	Subsampling
	5% UPT
	Gain
	Average UPT
	Gain

	XPD 0.5L
	Alt-1
	0.912
	0.0%
	3.39
	0.0%

	
	Alt-2
	0.913
	0.1%
	3.35
	-1.2%

	
	Alt-3
	0.906
	-0.7%
	3.37
	-0.8%

	XPD 4L
	Alt-1
	1.023
	0.0%
	3.86
	0.0%

	
	Alt-2
	1.022
	-0.1%
	3.80
	-1.5%

	
	Alt-3
	1.014
	-0.8%
	3.79
	-1.6%


3. Conclusions

In this contribution we provided our views on the remaining issues of 4Tx PUCCH subsampling.
Proposals:

· PUCCH mode 1-1, submode 1

	Value of joint encoding of RI and the first PMI
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· PUCCH mode 1-1, submode 2

	RI
	Relationship between the first PMI value and codebook index 
[image: image13.wmf]1

i


	Relationship between the second PMI value and codebook index 
[image: image14.wmf]2

i


	total

	
	Value of the first PMI 
[image: image15.wmf]1

PMI

I


	Codebook index 
[image: image16.wmf]1

i


	Value of the second PMI
[image: image17.wmf]2

PMI

I


	Codebook index 
[image: image18.wmf]2

i


	#bits

	1
	0-7
	
[image: image19.wmf]1

2

PMI

I


	0-15
	
[image: image20.wmf]2

PMI

I


	7

	2
	0-7
	
[image: image21.wmf]1

2

PMI

I


	0-1

	
[image: image22.wmf](

)

{

}

)

,

(

)

,

(

,

 

and

  

2

1

,

 

2

1

1

1

2

1

2

1

2

1

2

1

2

1

,

2

e

e

e

e

j

j

k

i

n

Î

=

ï

þ

ï

ý

ü

ï

î

ï

í

ì

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

Î

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

W


(Exact i1 value pending final codebook specification)
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· PUCCH mode 2-1

· Rank-2: 
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· Rank-3/4: 
i2 = {0, 2, 8, 10}
Appendix: simulation assumptions

	Indoor / outdoor distribution
	20% outdoor, 80% indoor

	Channel model
	ITU urban macro

	Carrier frequency
	2.0 GHz

	MIMO adaptation
	SU-MIMO, or dynamic SU/MU switching

	MU-MIMO dimension
	maximum 2 UE, 1 layer per UE

	MU-MIMO scheme
	regularized zero-forcing beamforming

	Link adaptation  for MU
	Non-ideal

	Receiver
	MMSE IRC

	Feedback
	PUCCH mode 1-1 and 2-1,  4-bit CQI quantization per TS 36.213

	Feedback periodicity
	5 ms

	Feedback delay
	5 ms

	CSI-RS measurement error
	modeled

	Flash light effect
	modeled in all cells

	Traffic model
	full buffer and FTP mode 1

	HARQ
	max 4 retransmission, Chase combining

	Time misalignment error (TAE)
	modeled
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