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1	Introduction
At the RAN1#89, the NR Type II codebook was agreed [1] as described in [2].  The agreement [2] includes the following in reference to the wideband (WB) amplitude feedback:
· PMI payload can vary depending on whether an amplitude is zero or not
· Details are FFS
[bookmark: _Hlk489961934]This contribution proposes the details for achieving the reduced payload, where the payload reduction occurs in the feedback of subband (SB) differential amplitude and subband phase.  Since the beam amplitude and phase feedback methods are used in both the Type II codebook and the Type II codebook extension for beamformed, CSI-RS, the proposal applies to both of these codebooks.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Description of the Payload Reduction Method
The NR Type II codebooks involve first identifying a set of  beams which are used for both polarizations and then combining those beams using WB amplitudes, SB phases, and, if configured, SB differential amplitudes.  The Type II single-panel codebook identifies  orthogonal two-dimensional DFT beams and the Type II extension for beamformed CSI-RS identifies  CSI-RS ports.  The feedback of the combining coefficients (amplitudes and phases) is common to both of these codebooks. In the remainder of this contribution, the description will focus on the Type II single-panel codebook, but the discussion applies equally to the Type II extension for beamformed CSI-RS.
In the Type II codebooks, the combining coefficients (amplitudes and phases) are fed back for each beam on each polarization on each layer except the strongest beam/polarization combination on each layer, where the amplitude is assumed to be one and the phase is assumed to be zero.  Thus, there are  candidate WB amplitude, SB phase, and SB amplitude indications to be fed back for each layer.  Since the coefficient of the strongest beam is not fed back, the remaining  WB amplitudes are always fed back.  When the WB amplitude for a particular beam/polarization combination is zero, it is not necessary to feed back the SB phase or the SB differential.  Since SB amplitude feedback is a codebook configuration option, we will separately consider the cases where SB amplitude feedback is and is not configured.
When SB amplitude feedback is not configured, the SB phases are handled uniformly prior to considering the effect of zero WB amplitudes.  That is, all SB phases are fed back using phases from the same phase alphabet.  When the feedback payload is reduced due to zero WB amplitude coefficients, on each layer the  beam/polarization combinations are divided into two sets.  Let  be the number of non-zero WB amplitude coefficients out of the  coefficients for layer .  The beam/polarizations corresponding to these coefficients constitute the first set, as depicted by the green area in Figure 1, where the beams have been arranged left to right in the figure from the strongest beam to the weakest beam (for convenience of explanation) according to the WB amplitudes.  The second set of beam/polarizations contains the  beams for which a WB amplitude of zero is reported, as indicated by the red area in Figure 1.  The SB phase coefficients corresponding to the first set are reported using the configured phase alphabet (QPSK or 8-PSK).  The number of reported coefficients is  because the strongest coefficient is assumed to be 1.  No SB phase coefficient is reported for the second set.


[bookmark: _Ref492393664]Figure 1.  Beam reporting on layer  when SB amplitude is not configured.
When SB amplitude feedback is configured, the SB coefficients are not handled uniformly, even without considering the effect of zero WB amplitudes.  The SB coefficients corresponding to the  strongest beams are fed back with full phase resolution according to the configured phase alphabet and with 1 bit for differential SB amplitudes.  The SB coefficients for the remaining beams only include phase coefficients and use a QPSK phase alphabet.  When the effect of zero WB amplitude coefficients is introduced, the feedback approach depends on the relationship between the number of zero coefficients and .  The proposed approach maintains the following principles:
1. No SB phase or amplitude is fed back for a beam with a WB amplitude coefficient of zero.
2. If SB coefficients of any of the  strongest beams are fed back, they are fed back using the configured phase alphabet and 1 bit of differential amplitude.
3. If SB coefficients of any of the  weakest beams are fed back, only SB phase is reported using the QPSK alphabet.
Principles 2 and 3 maintain the split feedback previously established and principle 1 reduces the feedback payload when there are zero WB amplitude coefficients.
[bookmark: _Hlk492399415]Proposal 1:  Adopt the following principles for reducing the Type II codebook subband feedback payload as a result of zero wideband amplitude coefficients:
1. No SB phase or amplitude is fed back for a beam with a WB amplitude coefficient of zero.
2. If SB coefficients of any of the  strongest beams are fed back, they are fed back using the configured phase alphabet and 1 bit of differential amplitude.
3. If SB coefficients of any of the  weakest beams are fed back, only SB phase is reported using the QPSK alphabet.
Similar to Figure 1, Figure 2 depicts how the  beams are divided when SB amplitude feedback is configured.  In this case, however, there are several situations to consider.  As before, the beams are assumed to be arranged from the strongest at the left to the weakest at the right for convenience of explanation.  The case at the top of the figure is the situation when the feedback payload is not reduced by the presence of zero WB amplitude coefficients.  Alternatively, it can be interpreted as the case where there are  non-zero WB amplitude coefficients on layer .  In this case, the SB coefficients are reported as described above.  The second case in the figure is where the number of non-zero WB amplitude coefficients on layer  is less than or equal to  (i.e., ).  Using principle 2, the SB coefficients corresponding to the  strongest beams (the green section, excluding the strongest beam) are fed back using the configured phase alphabet (QPSK or 8-PSK) and 1 bit for differential SB amplitude.  The SB coefficients corresponding to the remaining  beams (the red section) are not fed back, according to principle 1.  The third case in the figure is where the number of non-zero WB amplitude coefficients on layer  satisfies .  Now there are three sets of beams.  According to principle 2, the SB coefficients corresponding to the first set of  beams (the green section, where the strongest beam has been excluded) are fed back using the configured phase alphabet and 1 bit for differential SB amplitude.  According to principle 3, the SB phase coefficients corresponding to the next  strongest beams (the blue region) are fed back using a QPSK phase alphabet and no SB amplitude is fed back.  According to principle 1, the remaining  beams (the red section) have no SB information (phase or amplitude) fed back by the UE.


[bookmark: _Ref492395285]Figure 2.  Beam reporting situations on layer  when SB amplitude is configured.

3	Detailed Payload Reduction Proposal
The procedures described above are collected into the procedure shown below in Table 1, where the procedure is a modification of the procedure given in the draft specification [3], with modifications shown in red.  This procedure relies on the following definitions:
· Let  () be the wideband amplitude coefficient indicators for layer , where  is the RI.
· Let the strongest coefficient on layer  be identified by  ()
· Let  and  () be the subband phase coefficient indicators and the subband amplitude coefficient indicators for layer  , respectively, where  is the RI.
·  is the configured PSK constellation size used for SB phase reporting (4 or 8).
·  is the number of full resolution subband coefficients when SB amplitude feedback is configured.
· SubbandAmplitude is the higher layer parameter used to configure the amplitude feedback of the Type II codebook.  It may be set to ‘OFF’ for no SB amplitude feedback or to ‘ON’ to report differential SB amplitude feedback.
[bookmark: _Hlk492399432]Proposal 2:  In the NR Type II single-panel codebook and its extension for beamformed CSI-RS, for coefficients where the reported wideband amplitude is zero, the corresponding subband amplitude (if configured) and phase coefficients are not reported, with details defined in Table 1.
[bookmark: _Ref492398535]Table 1.  Detailed procedure for feeding back reduced Type II codebook SB payloads
	· 

The indicators , , and  ().  , , and  are not reported for .
· 
The remaining  elements of  () are reported, where .  Let  () be the number of elements of  that satisfy 
· 
The remaining  elements of  and  () are reported as follows:
· When SubbandAmplitude is set to ‘OFF’,
· 
 for , and .   is not reported for .
· For , the  elements of  corresponding to the coefficients that satisfy , as determined by the reported elements of , are reported, where  and the remaining  elements of  are not reported and are set to .
· When SubbandAmplitude is set to ‘ON’,
· 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 5.2.1.2-21.  The remaining  elements of  are not reported and are set to .  The elements of  corresponding to the next  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.



4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]This contribution has described the principles and proposed details for reducing the PMI payload for the NR Type II codebooks when WB amplitude coefficients are reported with values of zero.  The following two proposals summarize the conclusions:
Proposal 1:  Adopt the following principles for reducing the Type II codebook subband feedback payload as a result of zero wideband amplitude coefficients:
1. No SB phase or amplitude is fed back for a beam with a WB amplitude coefficient of zero.
2. If SB coefficients of any of the  strongest beams are fed back, they are fed back using the configured phase alphabet and 1 bit of differential amplitude.
3. If SB coefficients of any of the  weakest beams are fed back, only SB phase is reported using the QPSK alphabet.
Proposal 2:  In the NR Type II single-panel codebook and its extension for beamformed CSI-RS, for coefficients where the reported wideband amplitude is zero, the corresponding subband amplitude (if configured) and phase coefficients are not reported, with details defined in Table 1.
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