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1. Introduction
In RAN1#83, the following working assumption and conclusions regarding rank 5-8 codebook in R1-157789[1] have been made.

Working assumption:
· Rank 5 -8 codebook which captured in R1-157789 is supported 
Conclusions:
· CR will include the codebook for rank 5 - 8 in R1-157789
· Email discussion until 7th January to identify if there is an issue with the codebook for rank 5 - 8 in R1-157789.
· Companies identifying an issue with the codebook can propose alternative codebook and companies are encouraged to have evaluations until the next RAN1 meeting
Another way-forward proposal [2] has been discussed in RAN1#83.  It is proposed not to support new rank5-8 codebook in Rel-13.  This led to email discussion after RAN1#83 to identify if there is an issue with the codebook for rank 5 - 8 in R1-157789.  
In this contribution, we provide further evaluation results to compare the performance of rank 5-8 codebook in R1-157789 and the proposal of reusing legacy 8Tx codebook in different antenna configurations.  In addition, suggested changes on 36.212 and 36.213 are captured in appendix.
2. Discussion on Rank 5-8 codebook
We have identified several issues on rank5-8 codebook and provided detailed discussion on each issue below.
2.1  Complexity 
The table below summarizes the number of codewords per rank for rank 5-8 codebook in R1-157789.  As shown in the table, the number of codewords has significantly increased compared to the legacy 8 ports codebook which only has 4 codewords for rank5-7 and 1 codeword for rank 8.  The maximum size of the new codebook is 512 codewords per rank.  This means the UE complexity on rank adaptation and codeword searching has significantly increased.  In addition, there are 4 configurations and multiple (N1,N2,O1,O2) layouts in each configuration.  The UE complexity on the codebook storage is tremendously higher.  If the codeword is generated on the fly, codeword generation is expected to increase the UE complexity significantly.




Table 1. Comparision of codebook size between legacy codebook and that in R1-157789
	Codebook configuration in R1-157789
(N1,N2,O1,O2)
	Number of codewords per rank

	Rel-10 8-ports codebook
	4 (for rank 5-7)
1 (for rank 8)

	16 ports Config 1- (4,2,4,4)
	128

	16 ports Config 1 - (4,2,8,4)
	256

	16 ports Config 1 - (2,4,8,4)
	256

	16 ports Config 1 - (4,2,8,8)
	512

	16 ports Config3-4 - all layouts
	128

	12 ports Config 1- (3,2,4,4)
	96

	12 ports Config 1- (3,2,8,4)
	192

	12 ports Config 1- (2,3,8,4)
	192

	12 ports Config 1- (2,3,8,8)
	384

	12 ports Config3-4 for all layouts
	96

	8 ports Config 1- (2,2,4,4)
	64

	8 ports Config 1- (2,2,8,8)
	256

	8 ports Config3-4 - for all layouts
	64



2.2  Performance
Performance gain for the significant increase in complexity is unknown.  The codebook has never been evaluated when the working assumption was made.  In fact, higher rank has never been studied in FD-MIMO SI or WI. In section 4, we show the performance comparison between the rank 5-8 codebook in R1-157789 and the Proposed codebook of using the legacy 8-port codebook for rank5-8 transmission.  With the small performance difference, the huge complexity increase is clearly not justified.

2.3  Unknown application scenarios
When we setup the scenarios for Rel-13 FD-MIMO, we have never discussed higher rank scenarios.  RAN4 WI for the support of 4Rx UE is still on-going.  It is unknown what is the timeframe for rank>4.  So far it seems there is no immediate market need for the support of higher rank.  To avoid useless paper technology, the appropriate way should be first to identify the scenarios and then to evaluate rank5-8 codebook in the identified scenarios.   One example of the application scenario is wireless backhaul.  The relay with multiple RRHs (each with 2Tx/Rx) can be deployed as shown in Figure 1.  If the DeNB has 16Tx, 16x8 MIMO network can be formed with the relay and higher rank codebook can be used in wireless backhaul in such scenario.  However, details of such scenarios need to be discussed in order to proceed for evaluation.  Different scenarios may significantly affect the codebook design.
[image: ]
Figure 1. Wireless backhaul scenario for high rank transmission 
2.4  Rank 5-8 class B codebook
It is claimed in R1-157789 that Class B codebook reuses W2 codewords from Class A codebook which means there is only i2 feedback (i.e. no i1 feedback) for Class B codebook.  Since there is no i2 feedback for rank5-8 class A codebook, it means there is no i2 feedback for class B codebook as well.  The use case of this no i2 feedback seems to be unclear.  Also, there are issues of class B CSI feedback design since we don't always have i2 feedback (e.g. In the same periodic PUCCH CSI feedback mode for rank1-4, there is i2 feedback but there is no i2 feedback for rank5-8).

2.5  Higher rank codebook subset restrictions
New codebook subset restriction approach based on beam restriction has been introduced. Compared to traditional method which is based on codewords, this new approach potentially has more restriction on higher rank codebook.  The main reason is each codeword in higher rank (e.g. rank5-8) codebook contain multiple beams.  If one of the beams is not available, number of codewords for higher rank will become much less which in turn affects rank adaptation and hence the performance.  Codebook subset restriction is mainly used for interference coordination.  The major application is on lower rank case in which high transmit power is focused on one beam.  For higher rank like rank5-8, power is distributed into multiple directions. Also, the interference is usually low e.g. in low load case to allow higher rank transmission.  So it is not reasonable to apply the same CSR on both higher rank and lower rank.  It makes more sense to have different CSR consideration on different ranks.  There is no such issue if legacy 8-port codebook (and hence legacy approach of CSR) is used for rank5-8.

3. Rank 5-8 codebook design
Based on the above analysis, we shall not introduce a new rank 5-8 codebook without evaluations. In next section, we evaluate the performance of the codebook in [1] and re-using Rel-10 legacy codebook for rank5-8 based on 8 ports out of the configured 16 or 12 ports.  
It is known that the channel correlation of the systems with large antenna spacing is weak and low-correlated channel is beneficial to high rank transmission. Therefore, if we re-use Rel-10 legacy rank 5-8 codebook, one simple approach is to select the 8 ports with a regular manner and the largest mutual distance so that it is more likely to support higher rank with less correlated channel. Table 2 shows the method of how to select 8 antenna ports out of 12 or 16 antenna ports.
Table 2. Select 8 antenna ports out of 12 or 16 antenna ports
	Antenna port numbers
	Antenna port layouts
	Selected antenna port layouts
(solid black lines are selected ports)

	16 a
ntenna ports
	

	


	
	

	


	
	

	


	12 antenna ports
	

	


	
	

	




In order to perform the selection of the target 8 antenna ports from 12 or 16 antenna ports, we can simply set the weight values for the non-selected ports to 0 in the precoding vector. Take antenna layout (N1, N2) = (4, 2) as an example, the resulting precoding vector can be expressed as , where the sub-vector  is exactly the precoding vector based on the legacy codebook. In Figure 2, more details about antenna selection through codewords are revealed.


Figure 2 Illustration of antenna port selection by codewords.
The proposed codebook is captured in Table 7.2.4-14 to Table 7.2.4-17 in appendix.
Since the proposed codebook re-uses legacy rank 5-8 codebook by extending the legacy precoding with some 0-weighted values, we can completely re-use the legacy feedback mode.  
The following bullet points are related to Class B codebook and CSR if the proposed codebook is adopted:
· For the Class B codebook, as our Class A codebook selects 8 ports out of 12/16 ports, the Class B codebook in [1] can be adopted, where only one codeword exists for each rank. Moreover, for each rank-5-8 Class B codeword, it is consistent with the legacy 8Tx codeword. Thus for Class B, no i2 feedback is required for rank 5-8, which is also consistent with the legacy codebook [3].
· For the CSR, since there are totally 13 codewords in class A rank 5-8 codebook, we can use a 13-bit bitmap to indicate the codebook subset restriction for rank 5-8, which is consistent with the CSR approach of the legacy codebook. 
The CRs of 36.212 and 36.213 related to the rank 5-8 codebook issues are attached in Appendix.
4. Performance
In this section, we compare the performance between the proposed codebook and the codebook in R1-157789 with different antenna port numbers and different oversampling factors. 
Scheme 1: codebook in R1-157789 for rank 1-8
Scheme 2: codebook in R1-157789 for rank 1-4; proposed codebook for rank 5-8
Table 3. Performance comparison of 16 ports under 3D-Umi SU scenario
	(N1, N2, O1, O2)
	Codebook Scheme
	RU
	Mean
	5%
	50%

	(4,2,4,4)
	Scheme 1
	0.0722
	102.00(+0%)
	33.15(+0%)
	97.96(+0%)

	
	Scheme 2
	0.0716
	104.41(+2.4%)
	33.11(-0.1%)
	97.56(-0.4%)

	(4,2,8,4)
	Scheme 1
	0.0715
	102.13(+0%)
	32.67(+0%)
	98.81(+0%)

	
	Scheme 2
	0.0715
	104.24(+2.1%)
	34.00(+4.1%)
	97.56(-1.2%)



Table 4. Performance comparison of 12 ports under 3D-Umi SU scenario
	(N1, N2, O1, O2)
	Codebook Scheme
	RU
	Mean
	5%
	50%

	(3,2,4,4)
	Scheme 1
	0.0756
	99.59(+0%)
	31.25(+0%)
	93.56(+0%)

	
	Scheme 2
	0.0763
	100.00(+0.4%)
	30.69(-1.7%)
	92.52(-1.1%)

	 (3,2,8,4)                                
	Scheme 1
	0.0752
	100.06(+0%)
	31.81(+0%)
	93.02(+0%)

	
	Scheme 2
	0.0760
	99.99(-0%)
	31.87(+0.2%)
	94.73(+1.8%)



Table 5. Performance comparison of 8 ports under 3D-Umi SU scenario
	(N1, N2, O1, O2)
	Codebook Scheme
	RU
	Mean
	5%
	50%

	(2,2,4,4)
	Scheme 1
	0.0825
	92.88(+0%)
	27.56(+0%)
	88.92(+0%)

	
	Scheme 2
	0.0826
	93.45(+0.6%)
	27.34(-0.8%)
	89.02(+1.1%)

	(2,2,8,8)
	Scheme 1
	0.0823
	92.67(+0%)
	27.97(+0%)
	90.96(+0%)

	
	Scheme 2
	0.0819
	93.34(+0.7%)
	26.85(-4%)
	89.32(-1.8%)



It can be seen from the results that the mean performance of proposed codebook outperforms than that of R1-157789 in most scenarios, though there is marginal loss in cell edge performance in a few cases. Moreover, the feedback overhead of proposed codebook is much lower than that of the codebook in R1-157789 (as shown in Table 1). Based on the better performance and much lower complexity, the proposed codebook should be adopted.  

5. Conclusions
Based on the above discussion and simulation results, we have the following proposal:
Proposal 1: Adopt the proposed codebook which reuses legacy 8Tx codebook as Rel-13 rank 5-8 codebook. 
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7. Appendix

CR on 36.213
[bookmark: _Toc415085470]7.2	UE procedure for reporting Channel State Information (CSI)






For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for transmission modes 8, 9 and 10 with PMI/RI reporting, and transmission mode 9 and 10 without PMI reporting. The resulting number of bits for each transmission mode are given in Table 7.2-1b, Table 7.2-1d, Table 7.2-1e, and Table 7.2-1f. The bitmap parameter codebookSubsetRestriction, codebookSubsetRestriction-1 or codebookSubsetRestriction-3 forms the bit sequence where  is the LSB and is the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The bitmap parameter codebookSubsetRestriction-2 forms the bit sequence where  is the LSB and is the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with the bit. The association of bits to precoders for the relevant transmission modes are given as follows:
1. Transmission mode 3
a. 


2 antenna ports: bit is associated with the precoder in Table 6.3.4.2.3-1 of [3] corresponding to  layers and codebook index 0 while bit  is associated with the precoder for 2 antenna ports in subclause 6.3.4.3 of [3].
b. 


4 antenna ports: bit is associated with the precoders in Table 6.3.4.2.3-2 of [3] corresponding to  layers and codebook indices 12, 13, 14, and 15 while bit  is associated with the precoder for 4 antenna ports in subclause 6.3.4.3 of [3].
2. Transmission mode 4
a. 2 antenna ports: see Table 7.2-1c
b. 


4 antenna ports: bit  is associated with the precoder for  layers and with codebook index in Table 6.3.4.2.3-2 of [3].
3. Transmission modes 5 and 6
a. 


2 antenna ports: bit  is associated with the precoder for  layer with codebook index in Table 6.3.4.2.3-1 of [3].
b. 


4 antenna ports: bit  is associated with the precoder for  layer with codebook index in Table 6.3.4.2.3-2 of [3].
4. Transmission mode 8
a. 2 antenna ports: see Table 7.2-1c
b. 



4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit  is associated with the precoder for  layers and with codebook index in Table 6.3.4.2.3-2 of [3], .
c. 










4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured: bit  is associated with the precoder for  layers () and codebook index  and bit  is associated with the precoder for  layers () and codebook index. Codebook indices  and  are given in Table 7.2.4-0A or 7.2.4-0B, for =1 or 2 respectively.  
5. Transmission modes 9 and 10
a. 2 antenna ports except when a UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter PMI-Config is set to ‘1’ for a CSI process: see Table 7.2-1c
b. 


4 antenna ports except with alternativeCodeBookEnabledFor4TX-r12=TRUE configured or for a CSI process the UE is configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter PMI-Config is set to ‘1’: bit  is associated with the precoder for  layers and with codebook index in Table 6.3.4.2.3-2 of [3]. 
c. 










4 antenna ports with alternativeCodeBookEnabledFor4TX-r12=TRUE configured except when a UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter PMI-Config is set to ‘1’ for a CSI process: bit is associated with the precoder for  layers () and codebook index  and bit is associated with the precoder for  layers () and codebook index. Codebook indices  and  are given in Table 7.2.4-0A,  7.2.4-0B, 7.2.4-0C or  7.2.4-0D,  for =1,2,3 or 4  respectively.
d. 












8 antenna ports except when a UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS A’, or for when a UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter PMI-Config is set to ‘1’ for a CSI process: bit is associated with the precoder for  layers () and codebook index  where and bit is associated with the precoder for  layers () and codebook index  where . Codebook indices  and  are given in Table 7.2.4-1, 7.2.4-2, 7.2.4-3, 7.2.4-4, 7.2.4-5, 7.2.4-6, 7.2.4-7, or 7.2.4-8,  for =1,2,3,4,5,6,7, or 8 respectively.
e. 



















8, 12, and 16 antenna ports and for a CSI process the UE is configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS A’: bit  is associated with the precoder based on the quantity ,  and bit    is associated with the precoder for  layers () and codebook index where . The quantity  is defined in subclause 7.2.4. Bit  is associated with the precoder for  layers () and codebook index  where  is given in Table 7.2-1g. Codebook  index  is given in Table 7.2.4-10, 7.2.4-11, 7.2.4-12 or , 7.2.4-133, 7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17,  for =1, 2, 3,1,2,3, or 4,5,6,7, or 8 respectively. Codebook index  is given in Table 7.2.4-14, 7.2.4-15, 7.2.4-16 or 7.2.4-17, for =5, 6, 7, or 8 respectively.
f. 









2, 4, or 8 antenna ports and for a CSI process the UE is configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting-Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter PMI-Config is set to ‘1’: bit  is associated with the precoder for  layers and codebook index where  and  for 2 antenna ports,  and  for 4 antenna ports, and  and  for 8 antenna ports. Codebook index  is given in Table 7.2.4-18, 7.2.4-19, or 7.2.4-20, for 2, 4, or 8 antenna ports respectively.
Table 7.2-1d: Number of bits in codebook subset restriction codebookSubsetRestriction1 bitmap for applicable transmission modes 
	
	
Number of bits 

	Transmission modes 9 and 10
	



	
	



[bookmark: _Toc415085474]7.2.4	Precoding Matrix Indicator (PMI) definition






For 8 antenna ports, 12 antenna port, 16 antenna ports,  and UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting Type is set to ‘CLASS A’, each PMI value corresponds to three codebook indices given in Table 7.2.4-10, 7.2.4-11, 7.2.4-12, or 7.2.4-13,  7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17, where the quantities [image: ], and  are given by









-	The values of , , , and  are configured with the higher-layer parameters codebook-Config-N1, codebook-Config-N2, codebook-Over-Sampling-RateConfig-O1, and codebook-Over-Sampling-RateConfig-O2, respectively. The supported configurations of and  for a given number of CSI-RS ports are given in Table 7.2.4-17. The number of CSI-RS ports, P, is .
-	UE is not expected to be configured with value of CodebookConfig set to 2 or 3, if the value of codebookConfigN2 is set to 1. 


-	UE shall only use and shall not report if the value of codebookConfigN2 is set to 1.





-	A first PMI value  corresponds to the codebook indices pair , and a second PMI value corresponds to the codebook index given in Table 7.2.4-j with [image: ] equal to the associated RI value and where j = .
-	In some cases codebook subsampling is supported.  The sub-sampled codebook for PUCCH mode 2-1 for value of parameter Codebook-Config set to 2, 3, or 4 is defined in Table 7.2.2-1F for PUCCH Reporting Type 1a. 
--------------------< Some contents are omitted >------------------------------


Table 7.2.4-14: Codebook for 5-layer CSI reporting using antenna ports 15 to 14+P
	5 Layers, P=8, N1=N2

	Value of Codebook-Config
	

	

	

	1
	

	

	


	2-4
	

	

	


	
for Codebook-Config = 2-4

 for Codebook-Config = 1



	5 Layers, P=12

	Value of Codebook-Config
	Configuration
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	1
	

	

	

	


	2
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	3
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	4
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	where 
[image: ]for Codebook-Config = 2-4
[image: ] for Codebook-Config = 1



	5 Layers, P=16

	Value of Codebook-Config
	Configuration
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	1
	

	

	

	


	2
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	4
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	[image: ]
	

	

	


	where 
[image: ] for Codebook-Config = 2-4 
[image: ] for Codebook-Config = 1



Table 7.2.4-15: Codebook for 6-layer CSI reporting using antenna ports 15 to 14+P
	6 Layers, P=8, N1=N2

	Value of Codebook-Config
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	1
	

	

	


	2-4
	

	

	


	where 

 for Codebook-Config = 2-4
[image: ] for Codebook-Config = 1



	6 Layers, P=12

	Value of Codebook-Config
	Configuration
	[image: ]
	[image: ]
	

	1
	

	

	

	


	2
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	3
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	4
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	[image: ]
	

	

	


	where 

 for Codebook-Config = 2-4 
[image: ] for Codebook-Config = 1



	6 Layers, P=16

	Value of Codebook-Config
	Configuration
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	1
	

	

	

	


	2
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	3
	[image: ]
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	4
	[image: ]
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	where 

 for Codebook-Config = 2-4 
[image: ] and for Codebook-Config = 1



Table 7.2.4-16: Codebook for 7-layer CSI reporting using antenna ports 15 to 14+P
	7 Layers P=8, N1=N2

	Value of Codebook-Config
	

	

	

	1
	

	

	


	2-4
	

	

	


	where 

for Codebook-Config = 2-4 

for Codebook-Config = 1



	7 Layers, P=12

	Value of Codebook-Config
	Configuration
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	1
	

	

	

	


	2
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	4
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	where 
[image: ]for Codebook-Config = 2-4 
[image: ] for Codebook-Config = 1



	7 Layers, P=16

	Value of Codebook-Config
	Configuration
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	1
	

	

	

	


	2
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	3
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	4
	[image: ]
	

	

	


	
	[image: ]
	

	

	


	where 

 for Codebook-Config = 2-4
[image: ] and for Codebook-Config = 1



Table 7.2.4-17: Codebook for 8-layer CSI reporting using antenna ports 15 to 14+P
	8 Layers, P=8, N1=N2

	Value of Codebook-Config
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	1
	

	

	


	2-4
	

	

	


	where [image: ]for Codebook-Config = 2-4
[image: ]
for Codebook-Config = 1



	8 Layers, P=12

	Value of Codebook-Config
	Configuration
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	1
	

	

	

	


	2
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	4
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	where [image: ] for Codebook-Config = 2-4 
[image: ] for Codebook-Config = 1



	8 Layers, P=16

	Value of Codebook-Config
	Configuration
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	1
	

	

	

	


	2
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	3
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	4
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	where [image: ] for Codebook-Config = 1 
[image: ] Codebook-Config = 2-4







For 8 antenna ports, 12 antenna ports, 16 antenna ports,  and UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting Type is set to ‘CLASS A’, each PMI value corresponds to three codebook indices given in Table 7.2.4-14, 7.2.4-15, 7.2.4-16, or 7.2.4-17.
Table 7.2.4-14: Codebook for 5-layers CSI reporting using antenna ports 15 to 14+P
	5 Layers, P=8, N1=N2

	

	


	
	0

	0-3
	


	
where 



	5 Layers, P=12

	

	


	
	0

	0-3
	


	
where  if N1 > N2;

 if N1 < N2;



	5 Layers, P=16

	

	


	
	0

	0-3
	


	
where  if N1 > N2 and N2>1;

 if N1 < N2;

 if N2=1;




Table 7.2.4-15: Codebook for 6-layers CSI reporting using antenna ports 15 to 14+P
	6 Layers, P=8, N1=N2

	

	


	
	0

	0-3
	


	
where 



	6 Layers, P=12

	

	


	
	0

	0-3
	


	
where  if N1 > N2;

 if N1 < N2;



	6 Layers, P=16

	

	


	
	0

	0-3
	


	
where  if N1 > N2 and N2>1;

 if N1 < N2;

 if N2=1;



Table 7.2.4-16: Codebook for 7-layers CSI reporting using antenna ports 15 to 14+P
	7 Layers, P=8, N1=N2

	

	


	
	0

	0-3
	


	
where 



	7 Layers, P=12

	

	


	
	0

	0-3
	


	
where  if N1 > N2;

 if N1 < N2;



	7 Layers, P=16

	

	


	
	0

	0-3
	


	
where  if N1 > N2 and N2>1;

 if N1 < N2;

 if N2=1;



Table 7.2.4-17: Codebook for 8-layers CSI reporting using antenna ports 15 to 14+P
	8 Layers, P=8, N1=N2

	

	


	
	0

	0
	


	
where 



	8 Layers, P=12

	

	


	
	0

	0
	


	
where  if N1 > N2;

 if N1 < N2;



	8 Layers, P=16

	

	


	
	0

	0
	


	
where  if N1 > N2 and N2>1;

 if N1 < N2;

 if N2=1;




For a UE configured with higher layer parameter CSI-Reporting-Type, and CSI-Reporting Type is set to ‘CLASS B’, and one CSI-RS resource configured, and higher layer parameter PMI-Config is set to ‘1’, 


-	For 2 antenna ports, a PMI value corresponds to the codebook index  given in Table 7.2.4-18 with [image: ] equal to the associated RI value.


-	For 4 antenna ports , a PMI corresponds to the codebook index  given in Table 7.2.4-19 with [image: ] equal to the associated RI value.


-	For 8 antenna ports, a PMI value corresponds to the codebook index  given in Table 7.2.4-20 with [image: ] equal to the associated RI value.


where is a length-N column-vector where its l-th element is 1 for k=l (), and 0 otherwise.


Table 7.2.4-18: Codebook for -layer CSI reporting using antenna ports
	Codebook index, n
	
Number of layers 

	
	1
	2

	0
	

	


	1
	

	


	2
	

	-

	3
	

	-





Table 7.2.4-19: Codebook for -layer CSI reporting using antenna ports
	Codebook index, n
	
Number of layers 

	
	1
	2
	3
	4

	0
	

	

	

	


	1
	

	

	

	


	2
	

	

	

	-

	3
	

	

	

	-

	4
	

	

	-
	-

	5
	

	

	-
	-

	6
	

	

	-
	-

	7
	

	

	-
	-





Table 7.2.4-20: Codebook for -layer CSI reporting using antenna ports
	Codebook index, n
	
Number of layers 

	
	1
	2
	3
	4

	0
	

	

	

	


	1
	

	

	

	


	2
	

	

	

	


	3
	

	

	

	


	4
	

	

	

	


	5
	

	

	

	


	6
	

	

	

	


	7
	

	

	

	


	8
	

	

	

	-

	9
	

	

	

	-

	10
	

	

	

	-

	11
	

	

	

	-

	12
	

	

	

	-

	13
	

	

	

	-

	14
	

	

	

	-

	15
	

	

	

	-



	Codebook index, n
	
Number of layers 

	
	5
	6

	0
	

	


	1-15
	-
	-



	Codebook index, n
	
Number of layers 

	
	7
	8

	0
	

	


	1-15
	-
	-





CR on 36.212

[bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK247][bookmark: OLE_LINK202][bookmark: OLE_LINK203]Table 5.2.2.6.1-1C: Fields for channel quality information feedback for wideband CQI reports (transmission mode 9/10 configured with PMI/RI reporting for Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=1)
	     Field
	Bit width

	
	Rank = 1
	Rank = 2
	[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Rank =3
	Rank =4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Wideband CQI codeword 1
	0
	4
	4
	4

	Wideband first PMI i1,1
	[bookmark: OLE_LINK37][bookmark: OLE_LINK38][image: ]
	[image: ]
	

	


	Wideband first PMI i1,2
	[bookmark: OLE_LINK39][bookmark: OLE_LINK40][image: ]
	[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][image: ]
	

	


	Subband second PMI i2
	[image: ]
	[image: ]
	

	


	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank =7
	Rank =8

	[bookmark: _Hlk435983109]Wideband CQI codeword 0
	4
	4
	4
	4

	Wideband CQI codeword 1
	4
	4
	4
	4

	Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Subband second PMI i2
	0
	0
	0
	0




Table 5.2.2.6.1-1D: Fields for channel quality information feedback for wideband CQI reports (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=2/3/4)
	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Wideband CQI codeword 1
	0
	4
	4
	4

	Wideband first PMI i1,1
	[image: ]
	[image: ]
	

	


	Wideband first PMI i1,2
	[image: ]
	[image: ]
	

	


	Subband second PMI i2
	[image: ]
	[image: ]
	

	


	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank= 8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Wideband CQI codeword 1
	4
	4
	4
	4

	Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Subband second PMI i2
	0
	0
	0
	0




Table 5.2.2.6.2-2B-1: Fields for channel quality information feedback for higher layer configured subband CQI reports (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=1)
	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank =3
	Rank =4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	[image: ]
	[image: ]
	[image: ]
	
[image: ]

	Wideband CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	[image: ]
	[image: ]
	[image: ]

	Wideband first PMI i1,1
	[image: ]
	[image: ]
	

	


	Wideband first PMI i1,2
	[image: ]
	[image: ]
	

	


	Wideband second PMI i2
	2
	2
	1
	1

	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank =7
	Rank =8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	[image: ]
	[image: ]
	[image: ]
	
[image: ]

	Wideband CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	[image: ]
	[image: ]
	[image: ]
	
[image: ]

	Wideband first PMI i1Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Wideband second PMI i2
	0
	0
	0
	0




Table 5.2.2.6.2-2B-2: Fields for channel quality information feedback for higher layer configured subband CQI reports (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=2/3/4)
	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank =3
	Rank =4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	[image: ]
	[image: ]
	[image: ]
	
[image: ]

	Wideband CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	[image: ]
	[image: ]
	[image: ]

	Wideband first PMI i1,1
	[image: ]
	[image: ]
	

	


	Wideband first PMI i1,2
	[image: ]
	[image: ]
	

	


	Wideband second PMI i2
	2
	2
	4
	3

	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank =7
	Rank =8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	[image: ]
	[image: ]
	[image: ]
	
[image: ]

	Wideband CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	[image: ]
	[bookmark: OLE_LINK85][bookmark: OLE_LINK86][image: ]
	[image: ]
	[image: ]

	Wideband first PMI i1Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Wideband second PMI i2
	0
	0
	0
	0




Table 5.2.2.6.2-2E-1: Fields for channel quality information feedback for higher layer configured subband CQI reports and subband PMI reports (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=1)
	Field
	Bitwidth
	

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	

	

	

	


	Wideband CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	

	

	


	Wideband first PMI i1,1
	[image: ]
	[image: ]
	

	


	Wideband first PMI i1,2
	[image: ]
	[image: ]
	

	


	Subband second PMI i2
	[image: ]
	[image: ]
	

	


	Field
	Bitwidth
	

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	

	

	

	


	Wideband CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	

	

	

	


	Wideband first PMI i1Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Subband second PMI i2
	0
	0
	0
	0




Table 5.2.2.6.2-2E-2: Fields for channel quality information feedback for higher layer configured subband CQI reports and subband PMI reports (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=2/3/4)
	Field
	Bitwidth

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Wideband CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	[image: ]
	[image: ]
	[image: ]

	Wideband first PMI i1,1
	[image: ]
	[image: ]
	

	


	Wideband first PMI i1,2
	[image: ]
	[image: ]
	

	


	Subband second PMI i2
	[image: ]
	[image: ]
	

	


	Field
	Bitwidth

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Wideband CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Wideband first PMI i1Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Subband second PMI i2
	0
	0
	0
	0




Table 5.2.2.6.3-2C: Fields for channel quality information feedback for UE selected subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting for Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=1)
	Field
	Bit width

	
	Rank = 1 
	Rank = 2
	Rank = 3
	Rank = 4

	Wide-band CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2
	2
	2
	2

	Wide-band CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	2
	2
	2

	Position of the M selected subbands
	

	

	

	


	[bookmark: OLE_LINK289]Wideband first PMI i1,1
	

	

	

	


	Wideband first PMI i1,2
	

	

	

	


	Wideband second PMI i2
	2
	2
	1
	1

	Subband second PMI i2
	2
	2
	1
	1

	Field
	Bit width

	
	Rank = 5 
	Rank = 6
	Rank = 7
	Rank = 8

	Wide-band CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2
	2
	2
	2

	Wide-band CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	2
	2
	2
	2

	Position of the M selected subbands
	

	

	

	


	Wideband first PMI i1Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Wideband second PMI i2
	0
	0
	0
			0

	Subband second PMI i2
	0
	0
	0
	0




Table 5.2.2.6.3-2D: Fields for channel quality information feedback for UE selected subband CQI reports (transmission mode 9/10 configured with PMI/RI reporting for Class A CSI reporting with codebook configuration  and Codebook-Subset-SelectionConfig=2/3/4)
	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	Wide-band CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2
	2
	2
	2

	Wide-band CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	2
	2
	2

	Position of the M selected subbands
	

	

	

	


	Wideband first PMI i1,1
	

	

	

	


	Wideband first PMI i1,2
	

	

	

	


	Wideband second PMI i2
	4
	4
	4
	3

	Subband second PMI i2
	4
	4
	4
	3

	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wide-band CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	2
	2
	2
	2

	Wide-band CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	2
	2
	2
	2

	Position of the M selected subbands
	

	

	

	


	Wideband first PMI i1Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	


	Wideband second PMI i2
	0
	0
	0
	0

	Subband second PMI i2
	0
	0
	0
	0




Table 5.2.3.3.1-4: UCI fields for channel quality information feedback for precoding information (i1) (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration )
	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank =3
	Rank =4

	Wideband first PMI i1,1
	

	

	

	


	Wideband first PMI i1,2
	

	

	

	


	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank =7
	Rank =8

	Wideband first PMI i1,1
	

2
	

2
	

2
	

0

	Wideband first PMI i1,2
	

	

	

	





Table 5.2.3.3.2-3B-1: UCI fields for wide-band channel quality and precoding matrix information feedback for UE-selected sub-band reports (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration, and Codebook-Subset-SelectionConfig=1)
	Field
	Bit width

	
	8/12/16 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 3

	
	PTI=0
	PTI=1
	PTI=0
	PTI=1
	PTI=0
	PTI=1

	Wide-band CQI
	0
	4
	0
	4
	0
	4

	Spatial differential CQI
	0
	0
	0
	3
	0
	3

	Wideband first PMI i1,1
	

	0
	

	0
	

	0

	Wideband first PMI i1,2
	

	0
	

	0
	

	0

	Wide-band i2
	0
	2
	0
	2
	0
	1

	Field
	Bit width

	
	8/12/16 antenna ports

	
	Rank = 4
	Rank = 5 to Rank = 87
	Rank 8

	
	PTI=0
	PTI=1
	PTI=0
	PTI=1
	PTI=0
	PTI=1

	Wide-band CQI
	0
	4
	0
	4
	0
	4

	Spatial differential CQI
	0
	3
	0
	3
	0
	3

	Wideband first PMI i1,1
	

	0
	
2
	0
	0
	0

	Wideband first PMI i1,2
	

	0
	
0
	0
	0
	0

	Wide-band i2
	0
	1
	0
	0
	0
	0




Table 5.2.3.3.2-3B-2: UCI fields for wide-band channel quality and precoding matrix information feedback for UE-selected sub-band reports  (transmission mode 9/10 configured with Class A CSI reporting with codebook configuration , and Codebook-Subset-SelectionConfig=2/3/4)
	Field
	Bit width

	
	8/12/16 antenna ports

	
	Rank = 1
	Rank = 2
	Rank = 3

	
	PTI=0
	PTI=1
	PTI=0
	PTI=1
	PTI=0
	PTI=1

	Wide-band CQI
	0
	4
	0
	4
	0
	4

	Spatial differential CQI
	0
	0
	0
	3
	0
	3

	Wideband first PMI i1,1
	

	0
	

	0
	

	0

	Wideband first PMI i1,2
	

	0
	

	0
	

	0

	Wide-band i2
	0
	4
	0
	4
	0
	4

	Field
	Bit width

	
	8/12/16 antenna ports

	
	Rank = 4
	Rank = 5 to Rank = 87
	Rank=8

	
	PTI=0
	PTI=1
	PTI=0
	PTI=1
	PTI=0
	PTI=1

	Wide-band CQI
	0
	4
	0
	4
	0
	4

	Spatial differential CQI
	0
	3
	0
	3
	0
	3

	Wideband first PMI i1,1
	

	0
	2
	0
	0
	0

	Wideband first PMI i1,2
	

	0
	0
	0
	0
	0

	Wide-band i2
	0
	3
	0
	0
	0
	0
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