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1. Introduction
In RAN1#82bis, good progress has been made and substantial agreements on CSI reporting have been reached in [1][2].  For Class A, the agreements on new codebook design for 8,12,16 ports with 2D antenna array are list below:
Agreement:
· Rel.13 Class A codebook configured with 5RRC parameters

· N1,N2={1,2,3,4,8} where the valid candidates are (N1,N2)=(8,1)(2,2)(2,3)(3,2)(2,4)(4,2)

· O1,O2={2,4,8}

· Config ={1,2,3,4}

· Note: For dimension with one port, oversampling factor and Config={2,3} do not apply
· Given the set of values of N1,N2, O1,O2:
· W1 matrices with(L’1, L’2)=(4,2)(2,4) are constructed for N1>=N2 and N1<N2, respectively

· 
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is the index for Xi
· An associated codebook table is defined in terms of i’2,i11 and i12
· Given the value of Config, a subset of codewords from the codebook table is selected as an active subset of values of i’2,associated with one of the following 4 configurations:

· 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
· One selected value out of the active subset is reported by the second PMI i2 in PUSCH reporting
· Note: Config 1-4 require the following W1 matrix construction

· 
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 will have either 1 or 4 columns dependent upon the configuration:

· Config =1 :         1 columns

· Config= 2,3,4:      4 columns

· The PMI feedback payload is adjust based on Config

· Config =1(compact i2,no beam selection for 1 and 2 layers):

· # of bits for i11 and i12 = ceil(log2(N1O1))+ ceil(log2(N2O2))

· # of bits for i12(per rank 1,2) = (4,4)

· Config =2,3,4(following legacy):

· # of bits for i11 and i12 = ceil(log2(N1O1/2))+ ceil(log2(N2O2/2))

· # of bits for i12(per rank 1,2) = (4,4)

· TBD Rank3-8
In this contribution, we give our considerations on reporting PMIs corresponding to the new codebook on PUCCH and PUSCH.
2. Overhead of Class A PMI feedback
Compared to the legacy 8Tx/4Tx dual PMI codebook, the new Class A codebook agreed in [1] is quite different in terms of PMI overhead and codebook configuration.  There are up to three precoder indexes (i.e. i2,i11 and i12), five parameters for codebook configuration, eleven combinations of (N1,N2) dimension,  configurable oversampling factor and 4 codebook subset configurations. The total overhead of PMI increases quite significantly.  PMI overhead corresponding to i2,i11 and i12 is different for different codebook configurations.  The PMI overhead for rank1 and rank2 codebook is summarized in Table 1.
	Rank 1 and Rank 2 PMI overhead

	i2 configuration
	Dimension and oversampling
	i11 overhead
	i12 overhead
	i2 overhead
	Total

	Config 1
	N1 N2 O1 O2=(8,1,8,-)
	      6 bit
	0 bit
	2/1 bit
	8/7 bit

	
	N1 N2 O1 O2=(2,2,4,4)
	      3 bit
	    3 bit
	2/1 bit
	8/7 bit

	
	N1 N2 O1 O2=(2,2,8,8)
	      4 bit
	4 bit
	2/1 bit
	10/9 bit

	
	N1 N2 O1 O2=(2,3,8,4)
	      4 bit
	4 bit
	2/1 bit
	10/9 bit

	
	N1 N2 O1 O2=(2,3,8,8)
	      4 bit
	5 bit
	2/1 bit
	11/10 bit

	
	N1 N2 O1 O2=(3,2,8,4)
	      5 bit
	3 bit
	2/1 bit
	10/9 bit

	
	N1 N2 O1 O2=(3,2,4,4)
	      4 bit
	3 bit
	2/1 bit
	9/8 bit

	
	N1 N2 O1 O2=(2,4,8,4)
	      4 bit
	4 bit
	2/1 bit
	10/9 bit

	
	N1 N2 O1 O2=(2,4,8,8)
	      4 bit
	5 bit
	2/1 bit
	11/10 bit

	
	N1 N2 O1 O2=(4,2,8,4)
	      5 bit
	3 bit
	2/1 bit
	10/9 bit

	
	N1 N2 O1 O2=(4,2,4,4)
	      4 bit
	3 bit
	2/1 bit
	9/8 bit

	Config 2-4
	N1 N2 O1 O2=(8,1,8,-)
	      5 bit
	0 bit
	4 bit
	9 bit

	
	N1 N2 O1 O2=(2,2,4,4)
	      2 bit
	    2 bit
	4 bit
	8 bit

	
	N1 N2 O1 O2=(2,2,8,8)
	      3 bit
	3 bit
	4 bit
	10 bit

	
	N1 N2 O1 O2=(2,3,8,4)
	      3 bit
	3 bit
	4 bit
	11 bit

	
	N1 N2 O1 O2=(2,3,8,8)
	      3 bit
	4 bit
	4 bit
	11 bit

	
	N1 N2 O1 O2=(3,2,8,4)
	      4 bit
	2 bit
	4 bit
	10 bit

	
	N1 N2 O1 O2=(3,2,4,4)
	      3 bit
	2 bit
	4 bit
	9 bit

	
	N1 N2 O1 O2=(2,4,8,4)
	      3 bit
	3 bit
	4 bit
	10 bit

	
	N1 N2 O1 O2=(2,4,8,8)
	      3 bit
	4 bit
	4 bit
	11 bit

	
	N1 N2 O1 O2=(4,2,8,4)
	      4 bit
	2 bit
	4 bit
	10 bit

	
	N1 N2 O1 O2=(4,2,4,4)
	      3 bit
	2 bit
	4 bit
	9 bit


                Table 1 PMI overhead corresponding to various codebook configurations
Higher rank codebook is still an open issue.  According to the submitted proposals, higher rank codebook may need to consider more orthogonal beam pairing/combinations.  If this is introduced in subband or wideband feedback to increase the quantization performance of a codebook, the PMI overhead is expected to increase more substantially.  This would bring challenge to CSI reporting design especially for periodic CSI reporting modes. 
Observation：Configuration of the new Class A codebook is flexible but increase in PMI overhead brings challenge to CSI reporting design.
3. PMI feedback 
There are two alternatives of supporting PMI feedback for the new Class A codebook.  
- Alt1: Introduce new PMI content in both PUCCH and PUSCH.
- Alt2: Introduce new PMI content only in PUSCH.

It is straightforward to add new PMI content in PUSCH.  However, it is challenging to do it on PUCCH due to limited payload.  In the following sub-sections, we discuss consideration on PMI feedback on PUCCH for these two alternatives.
3.1  Introduce new PMI content in PUCCH 
For rank-1 and rank-2 PMI feedback, the total PMI (i11 and i12) overhead corresponding to W1 is 6-9bit as we show in Table 1. In current dual PMI Codebook used for CSI reporting, the PMI (i1) overhead corresponding to W1 requires only 4-bit. So existing CSI reporting types in PUCCH mode 1-1 submodes 1 and 2 and PUCCH 2-1 cannot be directly reused for the new codebook.  There are two options to add the new PMI content in PUCCH.
Option 1：Codebook sub-sampling:  
A simple way is reuse the current signaling structures of mode 1-1 and 2-1, e.g. there are 3 sub-options of reuse signaling structures of mode 1-1 submode 1 as shown in Figure 1：
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      Figure 1 Reuse of existing signaling structures of mode 1-1 submode 1 for i11，i12， i2 feedback
For Mode 2-1, original i1 can be replaced by i11，i12 . or one of i11，i12 is joint-coded with RI/PTI and another of them replaces original i1.  Feedback of i2 remains the same as before as illustrated in Figure 2.
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      Figure 2 Reuse of existing signaling structures of mode 2-1 submode 1 for i11，i12， i2 feedback
For simplicity, it is preferable to put i11 and i12 together. However, the issue of this option is how to fit the two indexes in the place where i1 is originally located with 4bit at maximum.  Sub-sampling can be used to reduce the feedback overhead.  However designing a good sub-sampling scheme requires evaluation.  There are many configurations for the new codebook and the design of rank 2 and higher rank codebook have not been finalized yet.  It does not seem to be realistic to fix the sub-sampling schemes for each feedback mode in the limited time frame of Rel-13.   
Option-2： Increase reporting instance
Another option to increase number of reporting instances in mode 1-1 and 2-1 in order to meet the overhead increase in W1.   We show several options for mode1-1 submode 2 in Figure 3 and mode 1-1 submode 1 in Figure 4. 
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          Figure 3 Increase reporting instance in mode 1-1 submode 2 for i11，i12 feedback
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          Figure 4 Increase reporting instance in mode 1-1 submode 1 for i11，i12 feedback
In Rel.12 or before, periodic feedback mode requires at most 3 PUCCH reporting instances regardless of dual PMI or single PMI based codebook. Increasing reporting instance is one approach to fit the extra i1 index to a new reporting instance but this solution may lead to some issues.  Sub-sampling and introduction of PTI are used to avoid increasing reporting instance for legacy dual-PMI feedback.
There are following concerns on this option:

· Increasing number of reporting instances reduces overall available PUCCH resource in the system. It becomes more difficult to multiplex more users on the PUCCH resources. 
· It has higher risk of error propagation and potentially incurs more delay.
· Even a new report is added, there is still increase in overhead in one report compared to original i1 as some of the i11 , i12 exceeds four bits.  This would reduce the coverage and robustness.  Therefore, sub-sampling may be still needed.   
· It increases the standardization effort at lot as RRC is needed to configure the new report type and collision rule may have to be defined or changed.

Based on the analysis in this sub-section, it is more desirable to use option 1 if periodic CSI feedback is supported for the new Class A codebook.  However, the major concern is on the extensive standardization effort on sub-sampling design.  So one approach is to adopt configurable sub-sampling which is similar to codebook subset restriction.   Then it becomes implementation issue to configure sub-sampling for each feedback mode.

3.2  Use legacy codebooks for PUCCH   
Considering limited feedback payload on PUCCH and often more reliable feedback channel, it’s hard to obtain CSI with high granularity through the periodic feedback on PUCCH.  FD-MIMO relies more on aperiodic CSI feedback to obtain feedback with high granularity. Compared to P-CSI，A-CSI has shorter delay and higher feedback granularity.  The goal of periodic CSI is more for increasing the robustness rather than granularity.  Therefore, the need for enhancement on PUCCH is not high.  
· It is hard to optimize the CSI feedback under very limited payload 
If overhead of PMI feedback is limited and requires sub-sampling, the performance of the new codebook could be degraded.  Under this situation, it is questionable whether 12/16 port based feedback still gives advantage over legacy 8Tx feedback since the bottleneck is on the feedback overhead rather than the number of antenna ports. 
· Feedback for multiple CSI processes/CCs is already supported on PUCCH.  It is hard to support more CSIs on PUCCH
Increasing number of reporting instance further reduces the available PUCCH resources. This will affect in terms of the supported number of UEs for PUCCH, number of CCs and number of CSI processes.   
· It is challenging to standardize addition of new content to PUCCH and corresponding sub-sampling due to tight schedule in Rel-13. 

· RAN4 testing effort would be increased. 
No matter which option (between codebook sampling and increasing reporting instance) to take, the standardization effort of supporting new codebook on PUCCH is expected to be high.  Therefore, we have the following proposal.  
Proposal 1: 

· Maximum number of CSI-RS ports for PUCCH feedback is limited to 8 in order to keep PUCCH unchanged.
· Reporting Class A based on new codebook is not supported for PUCCH periodic CSI feedback.  

There are two approaches to limit the number of ports to 8 for PUCCH.
Approach 1：Configure different CSI-RS resources for PUCCH and PUSCH as proposed in [4].
Approach 2：CSI-RS resource/port sub-sampling can be used to have PUCCH just to support the maximum of 8 CSI-RS ports.  i.e. configure one CSI-RS resource for both PUCCH and PUSCH but only 8 ports out of 12/16 ports are used for PUCCH. 
Since it is beneficial to make PUCCH and PUSCH more independent in terms of CSI-RS resource, approach 1 is more preferable.  It is also more flexible for eNB to choose TXRU to port mapping.  For approach 2, it needs certain rule on TXRU-port mapping so that it matches the legacy codebook.  This puts limitation to adapt to different scenarios and may bring performance degradation.
Proposal 2: To support legacy codebook based feedback on PUCCH and new codebook based feedback on PUSCH, different CSI-RS resources can be configured for PUCCH and PUSCH. 
4 Conclusion
In this contribution, periodic and aperiodic CSI reporting for the Class A codebook are discussed.  Based on the analysis, we have the following observation and proposals:
Observation：Configuration of the new Class A codebook is flexible but increase in PMI overhead brings challenge to CSI reporting design.
Proposal 1: 

· Maximum number of CSI-RS ports for PUCCH feedback is limited to 8 in order to keep PUCCH unchanged.
· Reporting Class A based on new codebook is not supported for PUCCH periodic CSI feedback.  
Proposal 2: To support legacy codebook based feedback on PUCCH and new codebook based feedback on PUSCH, different CSI-RS resources can be configured for PUCCH and PUSCH. 
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