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1. Introduction
In RAN1#82bis meeting, rank 1 codebook for CSI reporting class A has been agreed [1]. The Rel-13 class A codebook is configured with 5 RRC parameters. Besides the antenna port number values (N1,N2) and the oversampling factors (O1,O2), there are four configurations according to the parameter Config given in the following:

· Config =1: (L1,L2) = (1,1) for rank 1-2
· Config =2: (L1,L2) = (2,2) for rank 1-2 [square]

· Config =3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]

· Config =4: (L1,L2) = (4,1), (1,4) for N1>=N2 and N1<N2 respectively for rank 1-2
where (L1,L2) corresponds to the number of beams in each beam group.
Further, the valid (O1,O2) combinations for each (N1,N2) , which have also been agreed for class A codebooks [2], are shown in the following:
Agreements:
	(N1,N2)
	(O1,O2) combinations

	(8,1)
	(4,-), (8,-)

	(2,2)
	(4,4), (8,8)

	(2,3)
	{(8,4), (8,8)} 

	(3,2)
	{(8,4), (4,4)} 

	(2,4)
	{(8,4), (8,8)} 

	(4,2)
	{(8,4), (4,4)} 


In this way, for 16Tx codebook, when (N1,N2)=(2,4) and (O1,O2)=(8,8) are configured,  the rank 1 codebook size is as high as 11 bits, e.g. 2048 precoders to search. UE complexity, computation and power consumption should be considered in the feedback design. In this contribution we discuss the issues of aperiodic feedback for CSI reporting class A. 
2.  Discussion
PMI search complexity needs to be kept at a reasonably low level to encourage UE implementation and market adoption of massive MIMO. Although proprietary UE implementation may be available for reducing PMI search complexity, standardized mechanism to simplify codebook search and uplink overhead will also be beneficial, especially for very large codebooks. 
The currently aperiodic CSI mechanism is based on 1-bit triggering in the UL grant, where codebook search complexity is proportional to the codebook size. For elevation beamforming with composite precoder W = W1W2, where 
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 characterizes the long term properties of the channel such as beam directions, and 
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W

 describes the short term channel characteristics such as the phase variations between two polarizations.
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W

 is a block diagonal matrix as given by 
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Due to the long term characteristics, the 1st precoder W1 varies as a slower rate than the 2nd precoder W2. As such it is worthwhile to investigate mechanism for feeding back W2 without W1. If W2 is triggered without W1, the calculation of W2 could be based on the last reported W1. The benefit is that UE only needs to search a small subset of W (corresponding to the last reported W1), instead of the entire codebook. For instance, assuming the overhead of W1/W2 is 7-bit and 4-bits respectively, feeding back W2 without W1 only needs to search 16 precoders, as opposed to full codebook search of 2048 precoders. On the other hand, since more states are required, the triggering signaling overhead is slightly increased accordingly. In the following, we propose two possible alternatives with 1 bit added in the triggering field. 
· Alt-1: eNB triggers aperiodic CSI feedback with 2-bits triggering signaling. The four triggering states are defined in Table 1. This mechanism belongs to single triggering, where W1 and W2 are triggered jointly.
Table 1: Jointly triggering for W1 and W2
	2-bits triggering field 

for W1/ W2
	UE behavior

	‘00’
	Not report W1 and W2

	‘11’
	Report W1 and W2

	‘01’
	Not report W1, use the last reported W1 for  W2 reporting

	‘10’
	Reserved


· Alt-2: Use 1-bit for W1 triggering and another 1-bit for W2 triggering. As given in Table 2-3, eNB triggers W1 and W2 feedback separately. This mechanism belongs to multiple triggering.
Table 2: Separately triggering for W1
	1-bit triggering field for W1
	UE behavior

	‘0’
	Not report W1

	‘1’
	Report W1


Table 3: Separately triggering for W2
	1-bit triggering field for W2
	UE behavior

	‘0’
	Not report W2

	‘1’
	Report W2


Proposal:
· For aperiodic PUSCH, consider the two alternatives to support W2 feedback without W1, e.g. W2 can be based on the last reported W1.
3. Conclusions
In this contribution we discussed the aperiodic CSI feedback mechanism for CSI reporting class A. Considering the agreed class A codebook size, we think it is beneficial to propose standardized mechanism to simplify codebook search and uplink overhead in the feedback design. Based on the discussion our preference is summarized below
Proposal: 

· For A-CSI, consider the two alternatives to support W2  feedback without W1, e.g. W2 based on the last reported W1.
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