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Introduction
In the offline session of RAN#96bis, details on agreed UCI parameters were discussed [1]. One of these parameters is the set of per layer bitmaps:
	Bitmap per layer
	UCI part 2
	RI=1-2: for layer l, size-
FFS: exact design for RI=3-4 (depending on subset selection)


Four alternatives were proposed for bit map signaling:
Offline agreement: For RI=3-4, the bitmap design will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt2.1:  bits per layer, 
· Alt2.2: One joint bitmap 1 for all layers, where an indicator bit is 1 if at least one of the RI layers has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)   
· Alt2.2B: Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the RI beams has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)
· Alt2.3:  bits for the layer in which the weaker polarization is dropped (else  bits) + up to 4-bit bitmap to indicate the layer where the weaker polarization is dropped (UCI part 1); ,   
This contribution describes Alt2.2B in more detail along and provides motivation and examples.
Discussion
One of the main objectives of the WI on Rel. 16 Type-II CSI is reducing the uplink feedback overhead. In RAN1 AH#1901, it was agreed that a bitmap of size 2LxM  would be used to indicate the locations of non-zero coefficients for each layer, where L, M represent the SD and FD bases sizes after compression, respectively. One realization of a bitmap with L=4, M=7 that has been captured is as follows: 
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                         Figure 1. Size 2LxM bitmap of layer 𝓁, where x indicates non-zero coefficients

The bitmap above corresponds to a case where K0= ⌈β2LM⌉=14 non-zero coefficients are reported at β=1/4. Obviously, the bitmap shown above is sparse, with many rows and/or columns that are unutilized.
One solution would involve reporting the indices of the utilized beams, leading to further overhead reduction. For example, one can introduce an additional bitmap (beam bitmap) of size 2L to indicate the utilized beams as follows,
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Figure 2. A beam bitmap of size 2L indicating the utilized beams in layer 𝓁
which implies that L’=5 beams (rows) only are utilized for this layer, where L’≤2L. Hence, a bitmap of size L’xM can be used instead. Owing to this auxiliary bitmap, the overhead of reporting the coefficients’ locations would drop from 2LM=56 bits to L’M+2L=43 bits, and hence 13 bits are saved. For this approach, one can report the beam bitmap in UCI part 2 and only report an indication of the value L’ in UCI part 1, since L’ suffices to indicate the bitmap size.

The aforementioned approach can be generalized to the case with RI>2 as follows
1. Report q*, an indication of the aggregate bitmap sizes for all RI layers in UCI part 1, so as to allocate the appropriate overhead required for bitmaps in UCI part 2. 
2. Report RI beam bitmaps (BB𝓁, 𝓁=0, ..,, RI-1) of size 2L each in UCI part 2, so as to indicate the beams (rows) with at least one non-zero coefficient per layer.
3. Report RI reduced-sized bitmaps (CB*𝓁) in UCI part 2, to indicate the indices of the non-zero coefficients (along with the beam-bitmaps).
Overhead:
        UCI part 1:  bits
        UCI part 2:  bits, where M𝓁 is fixed/higher-layer configured.
        UCI total: 

For further illustration on the overhead required, we provide in the Appendix examples of the proposed approach that apply to Alt2B, Alt3C and Alt6E, which are the potential candidates for parametrization of M for RI>2.

 

Appendix
In this Appendix we compare the overhead of propoal Alt 2.2B with Alt 2.1, in which layer 𝓁 would be assigned a 2LM𝓁 size bitmap.

Alt3C. RIε{3,4} common, layer common
In this approach, FD bases for all layers have a common size M. Assume L’𝓁 beams are utilized at layer 𝓁, the bitmap for layer 𝓁 can then be shrunk to  entries only (Aggregate of bitmap sizes is  bits). Thereby, there are at most  possibilities for the aggregate bitmap sizes, since M is fixed (or higher-layer configured) for a given rank. 
Overhead:
UCI part 1:  bits, since .
UCI part 2:  bits
UCI total:  bits
Example:
L=4, M=7, RI=4, L’0=L’1=5, L’2=L’3=4. 
Baseline bitmap: 2LM bits per layer 
Overhead reduction =  bits


Alt2B. RI common, layer-group specific
In this approach, FD bases for layer-group 1 (layers 0,1) have common size MG1 whereas FD bases of layer-group 2 (layers 2,3) have common size MG2. Assume L’𝓁 beams are utilized in layer 𝓁, the aggregate bitmap sizes for the RI layers would then be  bits. Thereby, there are at most possibilities for the aggregate bitmap sizes, since MG1, MG1 are fixed (or higher-layer configured). 
Overhead:
UCI part 1:  bits, where .
UCI part 2:  bits
UCI total:  bits
Example:
L=4, MG1=7, MG2=4, RI=4, L’0=L’1=5, L’2=L’3=4. 
Baseline bitmap: 2LMG1 bits for layers 0,1 and 2LMG2 bits for layers 2,3.
Overhead reduction = 34 bits



Alt6E. RI specific, layer specific
In this approach, each layer has an arbitrary FD basis size M𝓁 for layer 𝓁. Assume L’𝓁 beams are utilized in layer 𝓁, the aggregate bitmap sizes for the RI layers would then be  bits. Thereby, there are at most possibilities for the aggregate bitmap sizes, since are fixed (or higher-layer configured). 
Overhead:
UCI part 1:  bits, where .
UCI part 2:  bits
UCI total:  bits
N.B.: For the special case of Alt6E in which M is layer-group specific, i.e., M0=M1 for RI=3 and M0=M1, M2=M3 for RI=4, the overhead of Alt6E would be identical to that of Alt2B. 

Example:
L=4, M0=7, M1=6, M2=5, M3=4, RI=4, L’0=L’1=5, L’2=L’3=4. 
Baseline bitmap: 2LM0, 2LM1, 2LM2, 2LM3 bits for layers 0,1,2,3 respectively.
Overhead reduction = 31 bits
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