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Introduction
In RAN1#90, the following agreement was made:
Agreements:
· Codebook subset restriction (CSR) is supported for Type I single-panel
· CSR supports DFT beam restriction and rank restriction
· Beam restriction is bitmap of length N1O1N2O2 where each bit is associated with DFT beam
· If a PMI is comprising of at least one restricted DFT beam, this PMI is considered as restricted
· FFS:  Beam restriction for rank 3-4 codebooks for 16,24 and 32 ports
· CSR is supported for Type I multi-panel
· CSR supports at least rank restriction and beam restriction
· FFS: Details
· FFS beamforming direction restriction, e.g., it can include at least DFT beam
· FFS CSR for Type II
· CSR supports DFT beam restriction and rank restriction and FFS power restriction
· FFS: Details
· FFS: Impact of CSR on CSI reporting payload size
· FFS CSR for 2Tx

And in RAN1#90-AH3, the following refinements were agreed in R1-1716901:
[bookmark: _GoBack]Agreements:
Remaining details for Type I SP/MP CBSR
· Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
· Use single bitfield, determine restricted  depending on restricted 
· FFS details

In this contribution, we discuss remaining details for rank 3-4 CBSR for 16, 24 and 32 ports.
[bookmark: _Ref178064866]Discussion
In Rel-13 Type I codebook design for FD-MIMO, three levels of code book subset restrictions (CBSR) were introduced, i.e., CBSR related to beams, W2 codewords, and ranks.  These were introduced to solve the basic problem that with 9 bits to signal W1, up to 512*8=4096 bits would have been needed for codebook subset restriction for W1 alone, which was excessive.  Instead, a beam restriction was applied across all layers, reducing the W1 overhead for CBSR by a factor of 8.  Since the same fundamental structure (W1W2 based with DFT beams and beam grouping) is used for Type I CSI feedback as in Rel-13, the Rel-13 beam restriction based approach seems appropriate for NR Type I CSI feedback.
Observation:
· The fundamental structure of the Rel-13 LTE FD-MIMO codebook and the NR Type I codebook are the same.
The NR Type I codebooks is similar in many ways to the LTE FD-MIMO codebooks, but contain some differences. One difference is that the rank-3 and rank-4 codebooks uses “antenna grouping” when the number of antenna ports is larger than 16 (for the smaller than 16 port case, the rank-3 and rank-4 codebooks are similar to the LTE codebooks). This has led to the introduction of two quantities that correspond to 2D DFT beams, that is used for the ranks 1,2,5,6,7,8 codebooks for 16 antenna ports and larger (and ranks 1-8 for smaller than 16 antenna ports) and   that is used for rank-3 and rank-4 codebooks for larger than or equal to 16 antenna ports. These quantities are defined below and the definitions of the rank-2 and the rank-4 codebooks is also given.


Table 5.2.1.2-6: Codebook for 2-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	Codebook-Config = 1
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Table 5.2.1.2-8: Codebook for 4-layer CSI reporting using antenna ports [15 to 14+PCSI-RS]
	
Codebook-Config = 1-2, 

	

	

	

	

	

	

	

	

	

	


	
where .



If one analyses the codebook, one finds that  is a 2D DFT vector that is applied to (each polarization of) the antenna array while  is a 2D DFT vector of half-size compared to , which is applied to (each polarization of) each antenna group of the antenna array and where each of the two antenna groups are formed by splitting the antenna array in half along the first dimension (which is typically the horizontal dimension). Thus,  is applied to both the left half and the right half of the antenna array. This means that the corresponding beamwidth of  is twice as wide as that of  along the first dimension (since half the array is used to form the beam) while the beamwidth along the second dimension is the same. To form the rank-4 transmission, different cophasing between antenna groups and polarizations is applied for the different layers, but the resulting beam shape will be similar to the beam shape of . 
A simple approach to extending the CBSR to the >= 16 port case is to define two bitmaps, one size  bitmap that restricts  components in the rank 1-2, 5-8 codebooks and another size  bitmap that restricts  components for ranks 3-4. However, this require 50% additional overhead. Another approach is to use a single bitmap and restrict  based on restricted  using some fixed mapping rule, this approach was agreed to be taken in RAN1#90-AH3.
Observation:
· Restriction of rank-4 beams can be done based on restriction of rank-2 beams
As the properties of the beam shape along the second dimension is the same for  and , the problem can be reduced to finding a mapping rule in the first dimension, i.e. to find a mapping rule between the indices  and . To derive such relationship, one can study the entries of the array steering vector , where  is the steering angle,  the array element separation in wavelengths and  the array element index. This tells us that to steer a beam to angle   for an array with  element separation, the phase   shall be applied to each array element n, i.e. the complex conjugate of the steering vector shall be applied.
The first component  has a phase progression of  along the first dimension while the second component  has a phase progression of . Thus, to steer the beam towards the same angle,  should hold. This implies that  results in the same beam direction. Since the intention with beam-based CBSR is to restrict beam directions, this relationship can be used to define and restricted .
However, since the beamwidth of  is twice that of , it would make sense that the restriction of  depends on several, adjacent, . For instance,  is restricted if any of such that  is in the interval  is restricted. Since the beam index is wrapped around  (i.e.  and  corresponds to the same beam direction), the modulo operator is used. The interval essentially defines a size  window around  of restricted that impact the restriction of with (sub)-index . A good choice may be , i.e. a size 3 window. An example illustration of this is given in Figure 1, but with be  for emphasis. 
Thus, we propose:
Proposal:
· For codebook subset restriction for Type I single-panel codebook, beam restriction for rank 3-4 codebooks for 16,24 and 32 ports is based only on the bitmap of length  that defines the beam restriction for remaining ranks
· A rank 3-4 PMI is restricted if it contains a restricted beam 
·  is restricted if any of such that     are restricted
· Restriction of  is given by the bitmap of length 





a)
b)
c)

Figure 1: Illustration of resulting beam patterns of a rank-4 beam and rank-2 beams. The rank-4 beam in dashed black line, this beam is restricted if any of the 8 solid line rank-2 beams are restricted. Dashed line rank-2 beams does not impact the restriction of the rank-4 beam. a) All beams b) Rank-2 beams that do not impact the restriction of the rank-4 beam c) Rank-2 beams that do impact the restriction of the rank-4 beam.
Conclusions
In this contribution, we have discussed remaining details of CBSR. Our observations can be summarized:
Observations:
· The fundamental structure of the Rel-13 LTE FD-MIMO codebook and the NR Type I codebook are the same
· Restriction of rank-4 beams can be done based on restriction of rank-2 beams

We therefore proposed:
Proposals:
· For codebook subset restriction for Type I single-panel codebook, beam restriction for rank 3-4 codebooks for 16,24 and 32 ports is based only on the bitmap of length  that defines the beam restriction for remaining ranks
· A rank 3-4 PMI is restricted if it contains a restricted beam 
·  is restricted if any of such that     are restricted
· Restriction of  is given by the bitmap of length 
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