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Introduction
Codebook Subset Restriction (CBSR) was introduced in Rel-8 for the 2Tx and 4Tx codebooks in LTE and have been supported for each new codebook ever since. In RAN1#95, it was agreed to follow this principle and introduce CBSR also for the enhanced Type II codebook:
Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 

In this contribution we discuss potential CBSR designs for the enhanced Type II codebooks.
Overview of Rel-15 CBSR mechanisms
In NR Rel-15, CBSR is supported for both Type I and Type II codebooks, but with slightly different implementations. Note that we consider the 2Tx codebook CBSR as a special case which is not included in the below analysis. Some general principles for Rel-15 CBSR, that should be followed also for Rel-16 CBSR are:
· CBSR signalling is rank-agnostic, i.e. a single CBSR is given which is applicable to all transmission ranks
· Reported rank is restricted with separate rank restriction signalling
· “W1 restriction” is based on beam restriction of , if at least one restricted beam is included in the precoder, the precoder is restricted 
· “W2 restriction” is not supported (except in the sense that for Type I rank 1-2 codebook with Config 2, the used  can be subselected from intermediary subset in W1)
· CBSR does not change PMI payload
The W1 restriction is useful for controlling inter-cell interference levels, particularly in elevation direction, which is important for both Type I and Type II codebooks. 
While the Type I CBSR uses beam restriction directly, with a size  bitmap being signalled where each bit in the bitmap corresponds to the restriction of a 2D DFT beam , the Type II CBSR uses joint beam and wideband amplitude restriction where the beam restriction is constrained so that only P=4 size N1*N2 beam groups can be restricted. This is a quite complicated scheme which is illustrated in Figure 1.
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Figure 1: Illustration of Rel-15 Type II CBSR mechanism

Discussion on Rel-16 CBSR 
One immediate observation is that the Rel-15 Type II CBSR design cannot be directly applied to the Rel-16 codebook, since there is no per-beam WB amplitude coefficient (rather there are up to amplitude coefficients for each beam, each corresponding to an FD-basis vector).
[bookmark: _Toc4755284]Rel-15 Type II CBSR cannot be applied to Rel-16 Type II codebook since there is no wideband amplitude coefficient
While the spec could of course define a mapping between the set of up to M amplitude coefficients for a beam and layer, to a reference amplitude value (in lieu of the WB amplitude value), which could be used in the Rel-15 CBSR mechanism, this does not seem to be very useful. 
Another option is to consider joint beam and FD-basis vector restriction. However, it is not very likely that the gNB can determine a joint restriction that has any practical utility as a method of controlling inter-cell interference (which after all is the motivation for introducing CBSR). Therefore, we propose to consider only beam based CBSR for Rel-16. In order to minimize the specification work, we can simply reuse the Rel-15 Type I CBSR, which can be directly applied to the Rel-16 Type II codebook.

[bookmark: _Toc4755286]For CBSR for Rel-16 Type II enhancement, consider the following:
· [bookmark: _Toc4755287]The Rel-15 Type I CBSR (beam restriction) is reused
· [bookmark: _Toc4755288]A bitmap of N1N2O1O2 bits is signalled, where each bit corresponds to a beam . If at least one restricted beam is included in the precoder, the precoder is restricted 
· [bookmark: _Toc4755289]The CBSR signalling is rank-agnostic, i.e. a single CBSR is given which is applicable to all transmission ranks
· [bookmark: _Toc4755290]Reported rank is restricted with separate rank restriction signalling
· [bookmark: _Toc4755291]CBSR does not change PMI payload
[bookmark: _GoBack]
Conclusion 
Based on the discussion in this contribution we make the following observations:
Observation 1	Rel-15 Type II CBSR cannot be applied to Rel-16 Type II codebook since there is no wideband amplitude coefficient

Based on these observations, we propose the following:
Proposal 1	For CBSR for Rel-16 Type II enhancement, consider the following:
	The Rel-15 Type I CBSR (beam restriction) is reused
	A bitmap of N1N2O1O2 bits is signalled, where each bit corresponds to a beam . If at least one restricted beam is included in the precoder, the precoder is restricted
	The CBSR signalling is rank-agnostic, i.e. a single CBSR is given which is applicable to all transmission ranks
	Reported rank is restricted with separate rank restriction signalling
	CBSR does not change PMI payload
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