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Introduction
In Rel-15, a CSI omission procedure was introduced in order to allow the UE to report some useful CSI even if the PUSCH resource allocation was not sufficient to carry the entire CSI content. Proposals have been made to consider CSI omission also for the Rel-16 NR Type II codebook. In this contribution, we have a discussion on this issue.
Rel-15 CSI omission procedure
Due to that there can be a large discrepancy between the PMI payload for different selection of RI by the UE for Type II CSI reporting, it is possible that the PUSCH resource allocation for carrying the CSI report does not fit the entire CSI content. For instance, the rank-2 PMI payload is almost 2x the rank-1 PMI payload for the Rel-15 Type II codebook. And since the RI is dynamically selected by the UE, the gNB cannot entirely predict the PMI payload before scheduling the CSI report and hence the resource allocation may be too small. That is, the gNB may have scheduled a resource appropriate for a rank-1 PMI report (due to e.g. that the UE lately have been reporting RI=1) but the UE reports a rank-2 PMI, which will not fit in the allocated PUSCH resource.

To remedy this case, Rel-15 NR features a CSI omission procedure, where part of the CSI report can be dropped if the resulting UCI code rate is too low. This is achieved by partitioning the CSI payload into different priority levels and dropping CSI portions, starting with the lowest priority level, until the UCI code rate falls below a threshold (whereby the CSI payload will “fit” on the PUSCH allocation). The priority levels are described in the Table 5.2.3-1 of TS 38.314, where Priority 0 has the highest priority and  represents the number of CSI reports.

[bookmark: _Hlk7701392]Table 5.2.3-1: Priority reporting levels for Part 2 CSI
	Priority 0:

Part 2 wideband CSI for CSI reports 1 to 

	Priority 1:
Part 2 subband CSI of even subbands for CSI report 1

	Priority 2:
Part 2 subband CSI of odd subbands for CSI report 1

	Priority 3:
Part 2 subband CSI of even subbands for CSI report 2

	Priority 4:
Part 2 subband CSI of odd subbands for CSI report 2

	⁞

	
Priority :

Part 2 subband CSI of even subbands for CSI report 

	
Priority :

Part 2 subband CSI of odd subbands for CSI report 



The wideband PMI have the following components:
· Spatial basis indication, (i.e. W1), including rotation/oversampling factors
· Wideband amplitude coefficients per layer (i.e. 
· Strongest coefficient indicator per layer
The subband PMI have the following components:
· Subband phase indication per layer 
· Subband amplitude indication per layer (if configured) 

The subband PMI is the most payload heavy since it is reported independently for each subband (whereas the wideband PMI is only reported once for the entire CSI reporting band). In the Rel-15 CSI omission procedure, subband PMI for odd and even numbered subbands are respectively grouped into different CSI portions with different priority. This implies that if the PUSCH resource allocation is too small to fit the CSI payload, the subband PMI for the odd subbands can be dropped and only subband PMI for even subbands are reported. 
The motivation behind this design is that the reported remaining PMI can still be used by the gNB. Since the gNB has knowledge of the subband PMI for every other subband, it can perform interpolation between subbands to estimate the PMI for the omitted subbands. Due to that the subband PMIs are correlated in frequency, the performance loss may not be that severe.

The Rel-15 CSI report on PUSCH consists of two UCI Parts, Part 1 and Part 2. UCI Part 1 contains RI and an indicator of the number on non-zero wideband amplitude coefficients (in UCI Part 2). UCI Part 2 contains the wideband and subband PMI. The payload of UCI Part 1 is fixed and does not vary dynamically, whereas the payload of UCI Part 2 may vary dynamically depending on the RI and number of non-zero wideband amplitude coefficients. To determine the payload size of UCI Part 2, the gNB must thus first decode UCI Part 1 to recover the RI and the number of non-zero wideband amplitude coefficients. 
CSI omission is only performed on the UCI Part 2, since if the components of UCI Part 1 was omitted, the gNB would not have enough information to decode UCI Part 2.
Requirements for Rel-16 CSI omission procedure
The Rel-16 Type II codebook exhibits the same behaviour with heavily rank-dependent payload as the Rel-15 Type II codebook. However, since the Rel-16 Type II codebook is based on FD compression, where a set of transformed LC coefficients are reported, there is no PMI reporting per subband. Hence, the Rel-15 CSI omission procedure cannot be directly reused.
[bookmark: _Toc7793730]The Rel-15 CSI omission procedure cannot be reused for the Rel-16 codebook, since there is no subband PMI
That is, a new CSI omission procedure needs to be introduced for Rel-16 Type II codebook. It should however be noted that the CSI omission procedure should be seen as an “emergency procedure” which is not intended to be applied often. 
We should also keep in mind that the UE can spec-transparently apply a more “proactive” CSI omission procedure by reducing the number of non-zero coefficients so that UCI Part 2 payload is reduced. That is, if the UE realizes that the PUSCH resource allocation is too small for the PMI content, it can calculate how many coefficients it needs to drop in order to get the UCI Part 2 code rate below the dropping threshold and correspondingly select and omit the weakest LC coefficients. If the UE does this properly, the specified CSI omission procedure will never be invoked. Obviously, the performance of the spec-transparent CSI omission procedure will be better than for a specified one, since the UE can optimize the dropping of the coefficients.
[bookmark: _Toc7793731]UE can perform spec-transparent CSI omission procedure by indicating lower number of non-zero coefficients in UCI Part 1
Therefore, the design of the CSI omission procedure should be kept as simple as possible. Also, we should not make decisions on codebook design based on if a certain design facilitates CSI omission or not.
[bookmark: _Toc7793735]Codebook design choices should not consider if CSI omission are facilitated by them or not, but should be made solely based on performance, overhead and complexity
For a CSI omission procedure to work, there needs to be a common and unambiguous understanding between the UE and the gNB of which components of the CSI (i.e. which UCI fields) are omitted and which components of the CSI are actually encoded into the UCI and transmitted. Otherwise, the gNB would either fail to correctly decode the UCI due to that the assumed payload is not the same as the actually transmitted payload, or, even if the payload is known, the gNB could misinterpret the payload bits since it doesn’t know which UCI fields they correspond to.
In the Rel-15 UCI omission procedure, UCI Part 1 is never omitted and based on the RI and number of non-zero amplitude coefficients, the gNB can determine the (nominal) UCI Part 2 payload (i.e. before omission). Based on the nominal UCI Part 2 payload and the known PUSCH resource allocation (i.e. how many REs are available for UCI on PUSCH, which in turn yields the number of coded bits), the code rate for the nominal UCI Part 2 can be calculated in the same fashion as the UE can. To determine the actual UCI Part 2 payload transmitted by the UE, the gNB simply applies the same CSI omission procedure calculation as the UE, omitting CSI segments until the code rate falls below the threshold. There is thus common understanding between the UE and gNB regarding which components of the CSI have been omitted, which enables the gNB to determine the actually transmitted CSI payload and the correct interpretation of the UCI bits. 
[bookmark: _Toc7793732]There needs to be a common and unambiguous understanding between the UE and the gNB of which components of the CSI are omitted
In our view, the CSI omission procedure should not require CSI recalculation. That is, the UE shall only omit part of the CSI and not optimize the CSI calculation based on the available resources.
[bookmark: _Toc7793736]The CSI omission procedure should not require CSI recalculation based on the available PUSCH allocation
Discussion on Rel-16 CSI omission procedure
To determine a proper Rel-16 CSI omission procedure, the content of the Type II report should be analysed. 
As proposed in our companion contribution, the UCI Part 1 will likely contain an RI and the number of non-zero coefficients summed across all layers, whereas the UCI Part 2 contains:
· FD/SD basis indication
· Non-zero coefficient bitmaps (NZCBl) per layer (each of size  for layer )
· Strongest coefficient indicator per layer (SCIl)
· LC coefficients: Phase/amplitude coefficients  for each layer 
· Reference amplitude for the weaker polarization 

The basis indications are necessary to be included in the CSI report, as they give the interpretation remaining CSI parameters, therefore, they should not be omitted. 
The non-zero coefficient bitmaps are also crucial, since they both contain the information regarding how the total number of non-zero LC coefficients (which is indicated in UCI Part 1) are distributed between the multiple layers and which the included coefficients are. For instance, consider a toy example of where a total of  non-zero coefficients summed across layers is indicated in UCI Part 1, L=M=2 and thus 2LM=8 and the RI=2. The bitmaps for layers 0 and 1 may then for instance be NZCB0=’10101100’ and NZCB1=’00110000’ respectively. Each bit  of the bitmap corresponds to a SD-basis index  and an FD-basis index  for instance according to  where a ‘1’ in the bitmap indicates that the LC coefficient corresponding to that SD/FD-basis combination is non-zero and thus present and reported in UCI. 
Prior to reading the bitmap, the gNB only knows that 6 LC coefficients are present in UCI, but does not know which layers, SD-bases and FD-bases they correspond to. That is, the gNB knows that the LC coefficients  are present in UCI, but can first after reading the bitmaps infer that e.g.  correspond to layer 0 and the coefficients  while  corresponds to layer 1 and the coefficients .
In addition to this, the strongest LC coefficient as indicated by the SCI per layer is not reported. For example, consider NZCB1=’00110000’ and SCI indicates that the coefficient for SD-component 3 and FD-component 0 is the strongest coefficient (i.e. the second ‘1’ in the bitmap). This implies that only the LC coefficient  is reported for the second layer.
The reference amplitude is also required to be read in order to interpret the LC coefficients, since the amplitudes of the LC coefficients corresponding to the weaker polarization are given relative to the reference amplitude.
[bookmark: _Toc7793733]Reading the non-zero coefficient bitmaps, the reference amplitude as well as the SCIs are required in order to interpret the reported LC coefficients correctly
The CSI omission procedure must therefore rely on dropping a portion of the LC coefficients. One naïve approach would be to for instance introduce a fixed rule to omit LC coefficients corresponding to a portion of the layers, a portion of the FD basis vectors or a portion of the SD basis vectors. However, directly applying such a rule would not work since, as discussed previously, the gNB is not aware of the interpretation of the LC coefficients before reading the NZC bitmaps and SCIs. For instance, if a rule was introduced to omit LC coefficients corresponding to half of the layers, the UCI part 2 payload would be ambiguous to the gNB since it does not know the distribution of LC coefficients among the layers, it only knows the total number of LC coefficients summed across layers. The same is true for e.g. omitting LC coefficients for some SD basis vectors: the actual number of non-zero LC coefficients associated with an SD basis vector can vary and is not known to the gNB prior to UCI Part 2 decoding and hence this cannot be directly used as a CSI omission procedure. 
[bookmark: _Toc7793734]Since the distribution of LC coefficients among SD-bases, FD-bases and layers is not known prior to UCI Part 2 decoding, LC coefficients can not be omitted based on these factors
That is, the CSI omission procedure must simply drop a fixed number of LC coefficients, i.e. the LC coefficients can be divided 50 / 50 into two portions in a predictable manner so that the number of LC coefficients in portion is known prior to decoding UCI Part 2. This can be achieved by ordering the LC coefficients  in a certain order (for instance in the manner of which they are mapped to bits in UCI) and dropping the later half of the LC coefficients. Following existing UCI omission strategies, it is likely beneficial to keep some coefficients for all the layers in order to not reduce the transmission rank, i.e. it is better to drop coefficients across layers rather than layer-wise. Based on evaluation results for the high-rank codebook design, it seems also better to drop FD-basis vectors first rather than SD-basis vectors.
For instance, the ordering can be according to FD-beam-index first, then SD-beam index, then layer-index:

In this case, {} can be included in the report when CSI is to be omitted while { are dropped. This means that excess FD-components are “sacrificed” first in case of CSI omission. 
[bookmark: _Toc7793737]For Rel-16 CSI omission procedure, consider dropping half of the LC coefficients according to FD-beam-index first, then SD-beam index and last layer-index
As discussed previously, the NZC bitmaps may generally not be omitted since they are required to correctly interpret the LC coefficients. However, if the LC coefficients are dropped in a predictable manner, a portion of the NZC bitmaps can be omitted (i.e. a subset of the bits) if those bits are not needed to determine the interpretation of the non-omitted LC coefficients. For instance, if all the LC coefficients for FD-component 1 have been omitted, the corresponding bits does not have to be included in the NZC bitmap. However, do recall that the number of bits omitted from the NZC bitmaps must be known to the gNB prior to decoding UCI Part 2 (to know its size) and unless some additional information is provided, the gNB cannot a priori know that all LC coefficients from a certain FD-component have been omitted.
To solve this issue, one could order the bits of the NZC bitmaps in the same order as the LC coefficients and omit bits in the bitmaps according to this order. This must be done in a fashion so that in the “worst case” the gNB can still interpret the LC coefficients.  Using our previous example, the NZC bitmaps for two layers and L=M=2 will be a size-12 bitmap in total. Depending on the distribution of non-zero LC coefficients among layers, SD-bases and FD-bases (which is not known a priori), different number of bits from the bitmap can be removed. Consider that out of 6 non-zero coefficients, 3 are omitted. In the best-case distribution, the 3 remaining coefficients corresponds to the first 3 bits of the bitmap, e.g. ‘111001001001’. In this case, the last 9 bits of the bitmap can be omitted since they are not needed to interpret the remaining LC coefficients. However, this cannot be known a priori. If instead we have the worst-case distribution, where the omitted coefficients correspond to the last bits of the bitmap, e.g. ‘100001001111’, only the last 3 bits can be omitted. This property generally holds, i.e. if  LC coefficients are omitted, the last  bits of the NZC bitmap(s) can also omitted. 
[bookmark: _Toc7793738]For Rel-16 CSI omission procedure, consider dropping the portion of the NZC bitmaps which is not required to interpret the non-omitted LC coefficients

Conclusion 
Based on the discussion in this contribution we make the following observations:
Observation 1	The Rel-15 CSI omission procedure cannot be reused for the Rel-16 codebook, since there is no subband PMI
Observation 2	UE can perform spec-transparent CSI omission procedure by indicating lower number of non-zero coefficients in UCI Part 1
Observation 3	There needs to be a common and unambiguous understanding between the UE and the gNB of which components of the CSI are omitted
Observation 4	Reading the non-zero coefficient bitmaps, the reference amplitude as well as the SCIs are required in order to interpret the reported LC coefficients correctly
Observation 5	Since the distribution of LC coefficients among SD-bases, FD-bases and layers is not known prior to UCI Part 2 decoding, LC coefficients can not be omitted based on these factors

Based on these observations, we propose the following:
Proposal 1	Codebook design choices should not consider if CSI omission are facilitated by them or not, but should be made solely based on performance, overhead and complexity
Proposal 2	The CSI omission procedure should not require CSI recalculation based on the available PUSCH allocation
Proposal 3	For Rel-16 CSI omission procedure, consider dropping half of the LC coefficients according to FD-beam-index first, then SD-beam index and last layer-index
Proposal 4	For Rel-16 CSI omission procedure, consider dropping the portion of the NZC bitmaps which is not required to interpret the non-omitted LC coefficients
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