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Introduction
In RAN1 NR Ad-Hoc #2, many companies discussed on Type I and Type II CSI parameters encoding [1].  For NR-MIMO, Type I and Type II CSI codebook parameters were agreed in [2].  In this contribution, we share our views on encoding Type I and Type II CSI parameters.  For Type I CSI feedback, encoding schemes for single slot and multiple slot PUCCH feedback are discussed.  For Type II CSI feedback, various over reduction schemes are presented along with encoding schemes.  
Type I CSI feedback encoding
Single packet CSI parameters encoding 
It was mentioned in [2] that the joint encoding of multiple CSI feedback parameters needs to be considered.   As an extreme case, all CSI parameters are multiplexed together and employs single packet encoding.   This is more suitable for single-slot P/SP-CSI feedback especially, when limited PUCCH resource is contained in a slot.  The single encoded packet also simplifies overall design and improves the coding gain for UCI.  For instance, when the overall payload size is 16 bits, more coding gain will be obtained by Polar codes with single packet than two 8-bit packet with RM codes.   
[bookmark: _Toc485460851][bookmark: _Toc490225636]Observation 1: 	For single-slot PUCCH with limited payload supports, single packet encoding of all CSI parameters is more efficient.  
One particular issue of such single packet coding is the payload size ambiguity due to different CRI/RI and the associated PMI/CQI size.  We have identified at least three approaches to deal with the issue.
· Option-1:	Codebook subsampling(pre-defined): reduce overhead of certain CRI/RI that resolve or minimize the ambiguity, without significant performance loss
· Option-2:	Joint coding of multiple CRI/RI/PMI/CQI 
· Option-3:	Padding bits for low payload size
· Option-4:	Combination of Option-1~Option-3
[bookmark: _Toc485460861][bookmark: _Toc490225678]Proposal 1:	Single packet encoding of all CSI parameters should be supported for single PUCCH resource per slot feedback.
[bookmark: _Toc485460862][bookmark: _Toc490225679]Proposal 2: 	Resolve payload size ambiguity for single packet encoded CSI.
To meet the requirement, the above three options can work individually or jointly.  However, for joint coding of multiple CRI/RI/PMI/CQI, the issue for NR-MIMO is the diverse in the PMI/CQI size for different CRI/RI complicates the definition of such joint coding table.  In fact, the payload size difference for rank below 4 is small according to the concurrent Type I CSI feedback design at least when wideband PMI is configured.  For rank above 4, multiple CQI feedback requires more payload size.  One can consider to use option-3 to avoid performance loss due to extensive codebook subsampling.  The same methodology also works when CRI of different ports is configured.  In this regards, the maximum payload size is calculated based on the resource with largest CRI+RI+PMI+CQI size.  Unless significant overhead reduction is achieved for Option-1 or Option-2 without obvious performance impact, the remaining payload ambiguity shall be resolves by Option-3.
[bookmark: _Toc490225680]Proposal 3: 	The largest payload of CSI feedback is determined by the summed bits of CRI+RI+PMI+CQI within the hypothesis
[bookmark: _Toc490225681]Proposal 4: 	Unless significant overhead reduction is achieved by Opt-1 or Opt-2, Opt-3 is used to resolve payload ambiguity  
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Figure 1: Illustration of payload size ambiguity and solutions
Multi-packet CSI parameters encoding 
In contrast to single encoded packet for CSI parameters, multiple packet encoding is the way works more in LTE’s design.  This works better under some scenarios when resources are sufficient for CSI feedback such as PUSCH piggy-back or multi-slots PUCCH or long PUCCH.  We believe that such mechanism can work for NR as well, for both PUSCH feedback or multi-slots PUCCH feedback.  
Another use case for multiple packet CSI parameters encoding is that multiple PUCCH resources, such as a combination of short and short PUCCH resources, are configured to UE in single slot.  The CSI parameters can be mapped to resources separately.  For example, CRI/RI/PMI-1 are mapped to the 1st resource while PMI-2 and CQI are mapped to the 2nd resource.  It needs to be mentioned that the payload size of the later resource can be derived based on the previously calculated one.  Meanwhile the payload size ambiguity issue needs to be resolves if some size-dependent CSI parameters are encoded in the same packet.
[bookmark: _Toc490225637]Observation 2: 	Multi-packet CSI parameters encoding may be supported on either PUSCH or single-slot multi-resource PUCCH feedback.  
Type II CSI feedback encoding
Signalling of L beams selection
The configurable L beams for linear combination is selected among 2~4 for Type II CSI.  It is seen that the throughput performance can be improved with increased number of beams.  Nevertheless, we believe that introduce some UE selected beam indication of L beams is beneficial.
· The UE’s channel condition with low angular spread is good enough with low linear combination beams, say lower number of L beams is actually required
· Codebook subset restriction is likely to prohibit some beams for linear combination, which would potentially reduce needed L beams  
[bookmark: _Toc490225638]Observation 3: 	It is beneficial that UE feedback additional information to reduce the L beams selection.
According to the Type II codebook design, L beam indices are included in CSI parameters.  The feedback of L beam indices could be either joint beam selection or independent beam selection.  For joint beam selection, less overhead is achieved with a maximum of  bits.  For independent beam selection,  is needed.  It was identified in [2] that at most 5 bits can be saved with joint beam selection.
One way to support indication of less number of L beams, a separate component could to be carried in CSI component.  Such component here is referred as ‘zero amplitude’ beam indication.  UE may use a set of bits to report the number of non-zero-power beams or to report a set of non-zero-power beams out of the L beams.  After that, UE only needs to report beam coefficients associated with non-zero-power beams so that the total payload size can be reduced significantly.  For instance, if UE is configured to report 4 beams, the total payload size can be 279 bits [ref, R1-1709232]; however, if there are 2 zero-power beams, the total payload size can be 142 plus 2 bits for the non-zero-power beam indicator.  Detailed solution for the non-zero-power beams includes using  bits to indicate the number of non-zero-power beams, or using an -bit bitmap to indicate the set of non-zero-power beams.  Besides, the non-zero-power beam indication can be common to all layers and polarization, layer-specific, polarization specific, or layer-polarization-specific.  The determination of non-zero-power beams is up to UE implementation.
[bookmark: _Toc490225639]Observation 4: 	Additional parameters such as zero amplitude beam indication can be used to reduce L beams if necessary.
[bookmark: _Toc490225682]Proposal 5: 	Zero amplitude may be introduced for further overhead reduction.
In addition, if joint beam selection is deployed, the translation of the selected beams to the feedback indicator should be explicit.  In our views, the complexity of joint beam selection to indicator mapping could be larger than independent beam selection, but still within control.  We present the approach of look-up table based solution for joint beam indication below.  The feedback indicator can be computed from a set of nested (or scalable) look-up tables.  For instance, the tables used for selecting 2 beams is a subset of tables used for selecting 4 beams.  Besides, in each table, the active entries used for  is a subset of the active entries used for .  Such a set of tables are derived offline.  Consequently, a unified design and a simple mapping rule can be defined for any possible value of configured ,  and , so as to reduce the complexity in storage and searching.
[bookmark: _Toc490225640]Observation 5:	Joint beam indication complexity is small by introducing a look-up table.  
[bookmark: _Toc490225683][bookmark: _GoBack]Proposal 6: 	If joint beam selection is used, the L beams to the indicator mapping can be accomplished with simple look-up table based approach.
Independent beam selection requires larger overhead in general compared with joint beam selection.  However, some of the characteristic of independent beam selection can be leveraged.  One of such application is to implicitly indicate the selected L beams.  For example, when the configured L is 4 and desired L is 2, the 3rd beam could be equal to the 1st or 2nd beam’s value.  In this way, no extra indicator is needed for actual used beams indication.  The gNB can determine actual number of L after reception of such independent beam selection feedback.
[bookmark: _Toc490225641]Observation 6:	For independent beam indication, implicit method can be used to reduce number of linear combination beams.
[bookmark: _Toc490225684]Proposal 7: 	If independent beam selection is selected, implicitly indication of actual number of linear combined beams is supported.
Encoding of Type II CSI 
According to the Type II codebook design, the following parameters needs to be carried in CSI feedback for Type II CSI.
· RI: 1-bit for rank switching (either rank-1 or rank-2)
· : L beams indication, can be jointly or independently
· Extra  bits may be needed if zero-amplitude beam indication is needed
· : rotation factor, comprise of  indication
· : wideband amplitude indication
· RI dependent, beam number dependent
· Inclusive of strongest beam indication per layer 
· : wideband/subband amplitude indication
· RI dependent, beam number dependent
·  : wideband/subband phase indication
· RI dependent, beam number dependent
· CQI: wideband/subband
According to the feedback design in [2], it is FFS that subband amplitude and phase could be neglected depends on wideband amplitude.  Although the overhead could be saved, the gNB still have to allocate sufficient UL resources for UCI feedback, if the CSI is carried in a single PUSCH or long PUCCH slot.  In our understanding, the benefit of overhead reduction is mainly to improve the protection of Type II UCI feedback.  Other applications of UCI overhead reduction benefits, such as UL interference reduction or even used for data transmission was mentioned in [5].  
On the other hand, if the UE is allowed to reduce L beams based on either zero-amplitude beam indicator or implicit approach with independent beam index, larger overhead reduction can be expected.  If the packet size is purely determined by the previously decoded packet, then reduced number of payload size is feasible.  If the packet size is undetermined, simple pad with fixed bits on the can also improve Type II CSI decoding performance.  
[bookmark: _Toc490225642]Observation 7: 	Reduced L beams and zero-amplitude wideband amplitude may improve the UCI decoding performance of Type II CSI.
[bookmark: _Toc490225643]Observation 8: 	The extra protection of Type II CSI can be achieved either by changing the actual bit of the payload size, which is determined by the above coded packet, or by padding fixed bits (e.g., ‘0’).  
In [3] and [4], details of Type II CSI encoding schemes are presented.  Type II CSI are generally encoded with multiple blocks, and the later blocks size are depended with the previously decoded block.  In [3], a two-block scheme was presented.  While in [4], up to three blocks are considered, where the 2nd packet will be skipped RI = 0.  To our understanding, such packet dividends may have limited improvement on CSI feedback, and cause complicated rate matching for CSI FEC-encoded packets.  It is more natural to split the CSI parameters with wideband parameters and subband parameters.  Where in the 1st packet, Alt2 can be used to achieve higher coding gain.  
[bookmark: _Toc490225685]Proposal 8: 	Consider using two encoded packet: the 1st packet contains RI, CRI (if configured), , ,, and padding bits; the 2nd packet encodes (if configured),, CQI.
It also needs to be emphasized that the UCI to PUSCH multiplexing is an ongoing topic in NR.  To our understand, the design of UCI multiplexity could impact on both Type I and Type II CSI feedback encoding.  If some CSI parameters, such as RI or CRI are separately encoded according to the UCI to PUSCH multiplexing design, then the wideband and subband parameters can be separately encoded in two packets.  
[bookmark: _Toc490225644]Observation 9: 	UCI to PUSCH multiplexing impact the encoding of Type II CSI feedback.
Conclusion
In this contribution, we discuss encoding schemes for Type I and Type II CSI feedback.  We made the following observation: 
Observation 1: 	For single-slot PUCCH with limited payload supports, single packet encoding of all CSI parameters is more efficient.
Observation 2: 	Multi-packet CSI parameters encoding may be supported on either PUSCH or single-slot multi-resource PUCCH feedback.
Observation 3: 	It is beneficial that UE feedback additional information to reduce the L beams selection.
Observation 4: 	Additional parameters such as zero amplitude beam indication can be used to reduce L beams if necessary.
Observation 5:	Joint beam indication complexity is small by introducing a look-up table.
Observation 6:	For independent beam indication, implicit method can be used to reduce number of linear combination beams.
Observation 7: 	Reduced L beams and zero-amplitude wideband amplitude may improve the UCI decoding performance of Type II CSI.
Observation 8: 	The extra protection of Type II CSI can be achieved either by changing the actual bit of the payload size, which is determined by the above coded packet, or by padding fixed bits (e.g., ‘0’).
Observation 9: 	UCI to PUSCH multiplexing impact the encoding of Type II CSI feedback.
In addition, our propositions are as follows. 
Proposal 1:	Single packet encoding of all CSI parameters should be supported for single PUCCH resource per slot feedback.
Proposal 2: 	Resolve payload size ambiguity for single packet encoded CSI.
Proposal 3: 	The largest payload of CSI feedback is determined by the summed bits of CRI+RI+PMI+CQI within the hypothesis
Proposal 4: 	Unless significant overhead reduction is achieved by Opt-1 or Opt-2, Opt-3 is used to resolve payload ambiguity
Proposal 5: 	Zero amplitude may be introduced for further overhead reduction.
Proposal 6: 	If joint beam selection is used, the L beams to the indicator mapping can be accomplished with simple look-up table based approach.
Proposal 7: 	If independent beam selection is selected, implicitly indication of actual number of linear combined beams is supported.
Proposal 8: 	Consider using two encoded packet: the 1st packet contains RI, CRI (if configured), , ,, and padding bits; the 2nd packet encodes (if configured),, CQI.
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