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Introduction
In RAN1#82bis, it was agreed that codebook subset restriction (CSR) is supported for FD-MIMO with Class A CSI reporting where [1]
· A 2D-beam corresponds to  in 
· CSR is configured via RRC signaling
· A subset of 2D-beams  are forbidden, i.e. not allowed to be reported according to the CSR configuration
· A forbidden 2D-beam is not allowed in reporting with any rank
· Rank restriction is also supported
· Codebook Subset Restriction can be also applied to 
· Number of PMI bits does not vary according to restricted subset
· Note: Codebook subset restriction targets e.g. performance/capacity, as in Rel-8 to Rel-12

In [2], it was further agreed that
· For  CSR, a bitmap of  bits indicates 2D-beams subset restriction (referred to as Beam-Subset-Restriction in the rest of the contribution),
· 8 additional bits bitmap indicates rank restriction 
· An RRC parameter for CSR on Class A i2 (i.e, will be introduced.
· Bitmap of all possible codewords per rank

In this contribution, we provide further details on the specification impact of supporting CSR for FD-MIMO. As the final details of the Class A codebook have only been agreed for rank 1, we make an assumption of the codebook for higher ranks, for the sake of this discussion, based on the contribution [4]. This codebook is also given in the appendix in Section 5.
Specification Impact for CSR
[bookmark: _GoBack]A 2D beam is identified by the parameters   and  and corresponds to two vectors for the first and second dimension respectively. 
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	Since , , there are a total  such 2D beams 
	



Mapping between Beam-Subset-Restriction bits and 2D Beams


Let the bitmap for the Beam-Subset-Restriction RRC parameter be formed by the bit sequence   where  is the least significant bit (LSB),  is the most significant bit (MSB), and .  The index  of a bit  in the Beam-Subset-Restriction bitmap can be mapped to a 2D beam using the ‘first dimension first’ mapping scheme shown in Figure 1.
Now let  identify a forbidden 2D-beam (i.e., a 2D beam that is not allowed to be reported in any rank) corresponding to a DFT vector with index  in the first dimension and a DFT vector with index  in the second dimension.  The indices  and  can be referred to as forbidden beam indices.  If a bit in the Beam-Subset-Restriction bitmap indicates a forbidden 2D beam, then this bit corresponds to only one combination of a forbidden beam index  in the first dimension and a forbidden beam index  in the second dimension out of the  possible combinations of the first beam index and the second beam index .      
If we assume a ‘first dimension first’ mapping scheme, then the bit  forbids a 2D beam with indices
 
  .  
Equivalently,  can be calculated from  and  with .  An example of the first dimension first mapping scheme with  and  is illustrated in Figure 2.

Proposal 1:  The  bit  of the Beam-Subset-Restriction bitmap is used to forbid a 2D beam with indices , where  and .
	[image: ]
[bookmark: _Ref434348386]Figure 1.  A ‘first dimension first’ mapping between Beam-Subset-Restriction bits and 2D beams.
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[bookmark: _Ref434348550]Figure 2.  Example of ‘first dimension first’ mapping.



[bookmark: _Ref433651049]Beam Restriction across Ranks

Considering the rank 1 Class A codebook agreed in [1], a given rank-1 codeword  as defined in (1) of the Appendix is forbidden (i.e., not allowed to be reported), if  and  simultaneously, where the range of  are determined by the value of Config (see [1] for details) and  represents the forbidden beam indices of any 2D beam that is not allowed to be reported (as signaled by the Beam-Subset-Restriction bitmap).
For the Class A codebooks of ranks 2, 3, and 4 described in Sections 5.2, 5.3, and 5.4, respectively, a given codeword (which, depending on the rank, can be defined by (4), (5), (6), or (7) in the Appendix) is forbidden (i.e., not allowed to be reported) if either or both of the following two conditions are met
Condition 1:   and 
Condition 2:    and 

where possible values of  and  are determined by the value of Config (see [3]-[4] for details).  Furthermore,  represents any 2D beam that is not allowed to be reported (as signaled by the Beam-Subset-Restriction bitmap).
For the rank 5-8 Class A codebooks of Section 5.5, the rules for applying beam restriction has to be formulated slightly differently since codewords for ranks 5-8 are indexed with  and  as opposed to the parameters ,,.  For the rank 5-8 Class A codebooks, a given rank 5-8 codeword is forbidden (i.e. not allowed to be reported) if the codeword contains at least one forbidden 2D beam (as defined jointly by ). This happens if at least one of the conditions given in Table 1 is met.  In Table 1, the  values are those from the rank 5-8 codebooks which are determined by the parameters, , and the configuration associated with the codebook (see [4] for details).  

The  and  indices are the PMI indices corresponding to the first and second dimensions.  The conditions in each column of the table are checked a column at a time according to the rank (denoted by ).  Conditions 1-3 apply to codewords with ranks 5, 6, 7, or 8, while Condition 4 only applies to codewords with ranks 7 or 8. For at least one applicable column (i.e., condition), if forbidden beam index  is equal to the table entry on the first row of the column, and if forbidden beam index  is simultaneously equal to the table entry on the second row of the column, then codeword  is forbidden (i.e., not allowed to be reported).
[bookmark: _Ref433891508]Table 1: Rank 5-8 Codeword Restriction
	
	Condition 1
	Condition 2
	Condition 3
	Condition 4

	Rank
	5,6,7,8
	5,6,7,8
	5,6,7,8
	7,8

	
	
	
	
	

	
	
	
	
	



Proposal 2:  Specify the following rules for applying beam restriction of a forbidden 2D beam  across ranks:
· For rank 1-4: A codeword indicated by the parameters , or parameters ,,  shall not be reported if either or both of these conditions are met:
· Condition 1:   and  simultaneously
· Condition 2:    and  simultaneously
· For rank 5-8: A codeword shall not be reported if at least one of the conditions given in Table 1 are met by both rows corresponding to   simultaneously.

CSR Configuration Conflict Cases
When a UE signaled with more than one of the CSR restrictions ( i.e.  Beam-Subset-Restriction, CLASS A i2 restriction and Rank Restriction)  , different codewords may be forbidden by the different bitmaps.  Some rules are needed in terms of which restriction bitmap has the higher priority in case of conflicts, e.g. a codeword is allowed in one restriction bitmap but not allowed in another restriction bitmap(s).  The more straightforward rule is to not allow a codeword belonging to a particular rank to be reported if the codeword is forbidden by any one of the multiple restriction bitmaps.
Proposal 3:  A codeword belonging to a particular rank is not allowed to be reported if the codeword is forbidden by any one of the multiple CSR restriction bitmaps.

Conclusion

In this contribution, we provide further details on the specification impact of supporting CSR for FD-MIMO based on the CSR parameters agreed in RAN1#82bis.  We make the following proposals:
Proposal 1:  The  bit  of the Beam-Subset-Restriction bitmap is used to forbid a 2D beam with indices , where  and .
Proposal 2:  Specify the following rules for applying beam restriction of a forbidden 2D beam    across ranks:
· For rank 1-4: A codeword indicated by the parameters , or parameters ,,not be reported if either or both of these conditions are met:
· Condition 1:   and  simultaneously
· Condition 2:    and  simultaneously
· For rank 5-8: A codeword shall not be reported if at least one of the conditions given in Table 1 are met by both rows corresponding to   simultaneously

Table 1: Rank 5-8 Codeword Restriction
	
	Condition 1
	Condition 2
	Condition 3
	Condition 4

	Rank
	5,6,7,8
	5,6,7,8
	5,6,7,8
	7,8

	
	
	
	
	

	
	
	
	
	



Proposal 3:  A codeword belonging to a particular rank is not allowed to be reported if the codeword is forbidden by any one of the multiple CSR restriction bitmaps.
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[bookmark: _Ref434405319]Appendix: Class A Codebook Agreements and Proposals

Rank-1 Class A Codebook

In [1], a class A codebook for rank-1 was agreed.  As per the agreement, a selected rank-1 codeword  can be represented as
	
,
	(1)


wherein  and .  In (1), the single layer of data is transmitted on the 2-dimensional beam involving the  beam in the first dimension and the  beam in the second dimension where
	
,
	(2)

	
.
	(3)


Further details of the agreed class A codebook rank-1 codebook can be found in [1].

[bookmark: _Ref434410536]Rank-2 Class A Codebook

A class A codebook for rank-2 is proposed in [3].  In [3], a selected rank-2 codeword  can be represented as
	
.
	(4)


In (4), the first layer of data is transmitted on the 2-dimensional beam involving the  beam in the first dimension and the  beam in the second dimension; the second layer of data is transmitted on the 2-dimensional beam involving the  beam in the first dimension and the  beam in the second dimension.  Further details of the proposed class A codebook for rank-2 can be found in [3].

[bookmark: _Ref434410548]Rank-3 Class A Codebook


A joint proposal for rank-3 class A codebook is presented in [4].  A selected rank-3 codeword can either be represented by  or , where
	
,
	(5)

	
.
	(6)


Further details of the proposed class A codebook for rank-3 can be found in [4].

[bookmark: _Ref434410567]Rank-4 Class A Codebook

A class A codebook for rank-4 is proposed in [4].  In [4], a selected rank-4 codeword  can be represented as
	
.
	(7)


Further details of the proposed class A codebook for rank-4 can be found in [4].

[bookmark: _Ref434408757]Class A Codebooks for Ranks 5-8


Class A codebooks for ranks 5-8 are proposed in [4].  A precoding matrix codeword for rank  is denoted as .  The precoding matrix codewords ,  are then defined as
	

	(8)

	

	(9)

	

	(10)

	

	(11)









In (8)-(11), the values of ,,,,, are determined by the parameters , , and the configuration associated with the codebook.  Further details of these values can be found in [4].
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