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Introduction
In Rel-15 Type II CSI, a precoding matrix on a subband is obtained as linear combination of 2L spatial beams. Each linear combination coefficients are quantized by wideband amplitude (i.e., ), subband amplitude (i.e., ) and subband phase (i.e., ). The wideband amplitudes are reported following the order of beam index, while the reporting order of subband amplitude/phase is unclear in current spec. In this contribution, we discuss possible understandings of the reporting order and propose potential text change.
Discussion
In Rel-15 Type II CSI, a precoding matrix on a subband is obtained as linear combination of 2L spatial beams. Each linear combination coefficients are quantized by wideband amplitude (i.e., ), subband amplitude (i.e., ) and subband phase (i.e., ). For wideband amplitude, though not explicitly written in the spec, it seems that the only possible reporting order is following the beam indices. That is, the elements of  are applied to the 1st, 2nd, …, the (2L-1)-th beam, respectively, where the beam indices are in increasing order. However, for subband amplitude and subband phase, there are two possible understandings.
· Alt1: the elements of  and  are mapped following the same order as  (i.e., based on beam indices).
· Alt2: the elements of  and  are mapped based on the beam strength, i.e., the value reported in wideband amplitude indicator .
Alt2 may originate from the following text in 214 spec. 
-	When subbandAmplitude is set to 'true',


















[bookmark: _Hlk494221113]-	For , the elements of  and  corresponding to the  strongest coefficients (excluding the strongest coefficient indicated by), as determined by the corresponding reported elements of , are reported, where and . The values of  are given in Table 5.2.2.2.3-4. The remaining  elements of  are not reported and are set to . The elements of  corresponding to the  weakest non-zero coefficients are reported, where . The remaining  elements of  are not reported and are set to .









-	When two elements,  and , of the reported elements of  are identical (), then element  is prioritized to be included in the set of the  strongest coefficients for  and  () reporting.
One may interpret as the subband phase and amplitude of  strongest coefficients are reported first, followed by the subband phase and amplitude of the remaining  coefficients. Since 2-bit is used for the phase quantization of weaker coefficients and 3-bit may be used for the phase quantization of the   strongest coefficients, Alt2 seems simpler because the bitwidth of each coefficient is static (as the phase of weaker coefficients are always reported afterwards stronger coefficients) while the bitwidth of each coefficient in Alt1 may change dynamically. This can be seen from the following example
· For instance, let us consider L=4, subband amplitude is on, N_PSK=8, and ,  and the first beam on first polarization is the strongest beam. Then, the top 6 strongest beams are the {0, 1, 4, 5, 6, 7}-th beams and are reported with 3-bit each for subband phase, while the subband phase for beam 2 and 3 are reported with 2-bit. In this case, Alt1 will map the bit sequence for  as [001, 10, 11, 101, 111, 001, 010] for the {1, 2, 3, 4, 5, 6, 7}-th beams respectively, while Alt2 will map the bit sequence for  as [001, 101, 111, 001, 010, 10, 11,] for the {1, 4, 5, 6, 7, 2, 3}-th beams respectively. Note that subband phase and amplitude for the strongest beam are not reported
For the reasons and motivations above, we already observe mismatched behaviour between UE and gNB in testing. So, it is essential to align the understanding among companies. Hence, we observe and propose:
Observation 1: Subband coefficient reporting order can be interpretated to either follow the beam indices or follow the beam strength reported by wideband amplitude. Interoperability issue due to misaligned interpretations between UE and gNB has been observed.
Proposal 1: In Rel-15 Type II CSI, clarify that the mapping order of subband amplitude () and phase () are following the order of beam indices (same order as reported in wideband amplitude ()) or following the beam strength reported in wideband amplitude (). 
Following spec change is proposed if following beam index:
[bookmark: _Toc4508140]5.2.3 CSI reporting on PUSCH
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
For Type I and Type II CSI feedback on PUSCH, a CSI report comprises of two parts. Part 1 has a fixed payload size and is used to identify the number of information bits in Part 2. Part 1 shall be transmitted in its entirety before Part 2. 
-	For Type I CSI feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword (if reported). Part 2 contains PMI (if reported) and contains the CQI for the second codeword (if reported) when RI (if reported) is larger than 4. 
-	For Type II CSI feedback, Part 1 contains RI (if reported), CQI, and an indication of the number of non-zero wideband amplitude coefficients per layer for the Type II CSI (see clause 5.2.2). The fields of Part 1 – RI (if reported), CQI, and the indication of the number of non-zero wideband amplitude coefficients for each layer – are separately encoded. Part 2 contains the PMI of the Type II CSI. The elements of ,  and  are reported in the increasing order of their indices, where the lowest index is mapped to the most significant bits and the last index to be reported is mapped to the least significant bits. Part 1 and 2 are separately encoded. 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Following spec change is proposed if following beam strength reported in wideband amplitude:
5.2.3 CSI reporting on PUSCH
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
For Type I and Type II CSI feedback on PUSCH, a CSI report comprises of two parts. Part 1 has a fixed payload size and is used to identify the number of information bits in Part 2. Part 1 shall be transmitted in its entirety before Part 2. 
-	For Type I CSI feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword (if reported). Part 2 contains PMI (if reported) and contains the CQI for the second codeword (if reported) when RI (if reported) is larger than 4. 
-	For Type II CSI feedback, Part 1 contains RI (if reported), CQI, and an indication of the number of non-zero wideband amplitude coefficients per layer for the Type II CSI (see clause 5.2.2). The fields of Part 1 – RI (if reported), CQI, and the indication of the number of non-zero wideband amplitude coefficients for each layer – are separately encoded. Part 2 contains the PMI of the Type II CSI. The elements of  and  are reported in the decreasing order of their wideband amplitude reported in , where the element with strongest wideband amplitude is mapped to the most significant bits and the element with weakest wideband ampltidue to be reported is mapped to the least significant bits. Part 1 and 2 are separately encoded. 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

Conclusion
In this contribution, we discuss issues in coefficient reporting order for Type II CSI. We observe and propose
Observation 1: Subband coefficient reporting order can be interpretated to either follow the beam indices or follow the beam strength reported by wideband amplitude. Interoperability issue due to misaligned interpretations between UE and gNB has been observed.
Proposal 1: In Rel-15 Type II CSI, clarify that the mapping order of subband amplitude () and phase () are following the order of beam indices (same order as reported in wideband amplitude ()) or following the beam strength reported in wideband amplitude (). 
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