[bookmark: _Hlk528952890][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #96b		R1-1905063
Xi’an, People’s Republic of China, April 8th – April 12th, 2019

Agenda item:       7.2.8.1
Source:	Nokia, Nokia Shanghai Bell
[bookmark: _Hlk4677254]Title:	Enhanced Type II codebook for CSI feedback
Document for:     Discussion and Decision
1	Introduction
Enhancements on MU-MIMO support were approved to be studied and specified as part of the MIMO Enhancements WID in RAN#80 [1] and revised slightly in RAN#81 [2]. The objectives for enhancing MU-MIMO support are as follows [1] [2]:
	[bookmark: _Hlk534650790]The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2


In RAN1 #96, the following items were agreed [3]:
	Agreement 
Proposal 1 from R1-1902304 is agreed

Agreement
Extend the Type II DFT-based compression (designed for RI=1-2) to RI=3-4 with the following design principle:
· The resulting overhead for RI=3-4 is at least comparable to that for RI=2 

Agreement
On subset selection for layer 0, agree on the following:
· Unrestricted (polarization-independent) subset selection which requires a size-2LM bitmap in UCI part 2
·  
· FFS: Further down selection of supported combinations of FD compression parameters  

Agreement
On LCC quantization, agree on the following:
· The description of each of the five alternatives above is final (in R1-1902304, section 2.5)
· Further discuss to select one of the five alternatives later this week (in RAN1#96)
· Any new alternative (including merged/compromise proposals) will not be considered for Rel-16

Agreement
On subset selection for RI=2, agree on the following
· SD basis selection (selection of L out of N1N2 SD DFT vectors) is layer-common
· Terms:
· “FD basis subset selection” refers to the selection of M out of N3 FD DFT vectors
· “Coefficient subset selection” refers to the selection of KNZ (# non-zero coefficients) out of 2LM where KNZ ≤ K0
· The size-K0 subset design for layer 0 is also applied to layer 1
· K0 is the maximum number of non-zero coefficients for each layer.

R1-1903501	Summary of Offline Email Discussion on MU-MIMO CSI	Samsung

Agreement
On LCC quantization, agree on Alt2 (differential per polarization) per the description in R1-1902304

Agreement
For RI=2, the following is supported 
· Layer-independent FD basis subset selection 
· Layer-independent coefficient subset selection

Agreement
On the values of N3, further discuss and clarify/refine both of the available alternatives with  as the evaluation baseline 

R1-1903500	Summary of Offline Email Discussion on MU-MIMO CSI	Samsung

Agreement
For RI{3,4}, different layers are independently quantized just as RI=1 and 2

Agreement
On SD and FD basis selection for RI{3,4}
· The parameter R is layer-common and RI-common
· For the higher-layer setting of SD/FD basis parameters (L, p):
· Down select among the following alternatives for the higher-layer setting of SD/FD basis parameters (L, p):
· Alt1 RI-common for RI{1,2,3,4}, layer-common 
· Alt2 RI-common for RI{1,2,3,4}, layer-/layer-group-specific
· Alt3 RI-common for RI{3,4}, layer-common 
· Alt4 RI-common for RI{3,4}, layer-/layer-group-specific
· Alt5 RI-specific for RI{3,4}, layer-common
· Alt6 RI-specific for RI{3,4}, layer-/layer-group-specific
· Note: For RI=1 and 2, RI-common, layer-common setting has been agreed
· Note: No other alternatives will be considered
Email discussion by 15th of March: Companies to provide more details on the alternatives listed above. Strive to converge on a single set of parameters for each alternative. (Eko, Samsung)

Agreement
On the max # NZ coefficients for RI{3,4}, down select from the following alternatives (no other alternatives will be considered)
· Alt0. For RI{1,2,3,4}, there is only one β value 
· Alt1. Total max # NZ coefficients across all layers ≤ 2K0 (the K0 value set for RI{1,2})
· Alt2. For RI{3,4}, there is only one value of max # NZ coefficients per layer < K0 where the K0 value is set for RI{1,2}
· Alt3. Total max # NZ coefficients across all layers ≤ 2K0 (the K0 value set for RI{1,2}) where  is fixed and RI-specific
· FFS: value of  per agreement that the overhead for RI=3 or 4 should at least be comparable to RI=2 
· Alt4. For RI{3,4}, there is only one value of max # NZ coefficients per layer < K0 where the K0 value is set for RI{1,2} where  is fixed and RI-specific
· FFS: value of  per agreement that the overhead for RI=3 or 4 should at least be comparable to RI=2
· Note: For RI{1,2}, there is only one K0 value (=max # NZ coefficients per layer)

Agreement
Decide in RAN1#96bis whether to support L=6 (in addition to L=2 and 4) taking into account RI{3,4} and/or 32 ports
· Also consider possible restriction(s) on the use case for supporting the additional value(s) of L


In this contribution, we build upon such agreements and focus on several open aspects of the enhanced type II reporting. In particular, the following aspects will be covered (numbering refers to sections):
2. Subset selection for layer 0
3. SD and FD basis selection for RI{3,4}
4. Maximum number of NZ coefficients for RI{3,4}
5. UCI design for Part 1 and Part 2
6. [bookmark: _Ref4773775]Working assumption on 
7. Alphabet for weaker polarization quantization

2 	Subset selection for layer 0
The agreement reached during RAN1 #96 identified three possible values for bitmap density  This parameter is used to calculate the value of the maximum number of non-zero compressed coefficients for layer 0 (and layer 1) each UE can report, i.e., the parameter labeled as .  The shortlisted values for  are . In  [4], we observed that in case of unrestricted size- subset design, throughput results comparable to or better than the baseline, while guaranteeing lower overhead, could be achieved for the three considered values. In this context, moving from   to  resulted in a larger UPT increase as compared to what was observed when moving from   to . Accordingly,  is a possibly less interesting value, also considering that 2 bits would be necessary to support the RRC configurability of  when 3 values are considered (instead of 1 bit in case of 2 values). 
Observation 1: UPT gain for  is characterized by a significant dynamic in terms of throughput/overhead tradeoff. Results for   have their merit but are possibly less interesting.
Proposal 1: Support .
3 	SD and FD basis selection for 
A large part of the enhanced Type II codebook design for  has been finalized during RAN1 #96. In this context, the core agreements are related to such aspects as SD/FD basis and  coefficients selection. Concerning the first aspect, i.e., the higher-layer setting of SD/FD basis parameters , during RAN1 #96 it was agreed to:
· Down select among the following alternatives for the higher-layer setting of SD/FD basis parameters (L, p):
· Alt1 RI-common for , layer-common 
· Alt2 RI-common for , layer-/layer-group-specific
· Alt3 RI-common for , layer-common 
· Alt4 RI-common for , layer-/layer-group-specific
· Alt5 RI-specific for , layer-common
· Alt6 RI-specific for , layer-/layer-group-specific

It was also noted that RI-common, layer-common setting has been agreed for  and  and that no other alternatives would be considered. An email discussion was then carried out until March 15th, to specify additional details on the alternatives listed above.

From our perspective and given what has been observed during the technical discussion for , it is very unlikely that a large performance difference could be observed among the considered alternatives. For this reason, we would prefer to focus the remainder of the study on this item on the alternatives which follow the same general ideas which were brought to the definition of the framework for . This could achieve a two-fold objective:

1 Ensure easier specification work thanks to a reduction of the possible configurations.
2 Allow simplified implementations, thanks to a less complex overall design. 

In this context, and specifically focusing on the SD basis selection, a natural extension of the framework for  to support higher rank feedback is to consider only RI-common values for . This seems a reasonable choice not only for the aforementioned reasons, but also for its physical meaning. In fact, the  oversampled DFT beams used to perform the SD compression are physically related to the angles of arrival (AoAs) of the received signal hence they are typically chosen to match the directions from which the maximum energy is received at the UE. The validity of the choice made for   is justified mostly by this fact and has been demonstrated through several simulation results which showed relatively low performance increase if different SD bases are chosen for layers 0 and 1. 

Switching the focus to the FD basis selection, it seems natural to extend the same logic followed for  and support at least a layer-specific FD basis selection. Accordingly, and with reference to the sub-alternatives detailed in [5] our preference would be for either Alt2B or Alt4D, i.e., layer-common SD basis selection.

Proposal 2: For  rank extension, support RI-common and layer-group-specific parameter setting for SD/FD bases (L, p), according to alternatives Alt2B or Alt4D of the email discussion summary.

In the same spirit, the possibility of supporting different higher-layer configured values , and  should be preserved for  as well. In this regard, any choice for the value range of such parameters to achieve a good performance-overhead tradeoff seems premature at this stage and should be deferred until a thorough performance study for a limited number of configurations is completed.
Proposal 3: For  rank extension, support higher-layer configuration of parameters , and .
Proposal 4: For  rank extension, support decision on the exact value set for , and  based on performance-overhead tradeoff evaluation after down-selection of parameter-setting configurations.

4 	Maximum number of NZ coefficients for   
Switching the focus to the maximum number of NZ coefficients for , in RAN1 #96 the following alternatives were identified and shall be the only ones considered for down selection:

· Alt0. For  there is only one  value 
· Alt1. Total max # NZ coefficients across all layers  (the  value set for )
· Alt2. For , there is only one value of max # NZ coefficients per layer  where the  value is set for 
· Alt3. Total max # NZ coefficients across all layers  (the  value set for ) where  is fixed and RI-specific
· FFS: value of  per agreement that the overhead for  or 4 should at least be comparable to 
· Alt4. For , there is only one value of max # NZ coefficients per layer  where the  value is set for  where  is fixed and RI-specific
· FFS: value of  per agreement that the overhead for  or 4 should at least be comparable to 

Our preference in this sense can be summarized by the following points:

1. Similar to our previous observation on the different alternatives for SD/FD basis selection, the most logical course of action for this choice seems to be a simple extension of the pre-existing framework for , for which there is only one  value to be respected for each layer. In other words, the configuration for  implies that the max number of reported NZ coefficients per layer can never exceed , i.e., the max number of NZ coefficients can never exceed ;
2. UE should be able to decide how many NZ coefficients per layer should be reported depending on the estimated channel. In particular, it should also be able to ensure that the resolution and representation precision of the PMI for layers 0 and 1 is not affected by the value of RI;
3. gNB should be able to override the RI with minimum impact on the resolution and representation precision of the PMI fed back by the UE.

Given the above, our preference would be Alt3, with  fixed and RI-specific as follows:
· : in this case  and the maximum number of NZ coefficients across all layers ;
· : in this case  and the maximum number of NZ coefficients across all layers ;
· : in this case  and the maximum number of NZ coefficients across all layers ;
· : in this case  and the maximum number of NZ coefficients across all layers .

With reference to our previously expressed preference in three points, the following features would be guaranteed by this choice:
1. The maximum number of NZ coefficients for  and  would be compatible with the previous agreements;
2. The maximum number of NZ coefficients across layers for  is only 1.5 times larger than the maximum number of NZ coefficients across layers for ;
3. Setting a maximum number of NZ coefficients across layers would give the UE the possibility to decide how many NZ coefficients per layer should be reported depending on the estimated channel. This implicitly provides a means to guarantee the same resolution and representation precision of the PMI for layers 0 and 1, regardless of the value of RI;
4. As a by-product of the previous feature, the impact on the resolution and representation precision of the PMI used by the gNB may be reduced. In fact, letting the UE decide how many NZ coefficients should be reported per layer, while respecting an overall constraint, should naturally favour the stronger layers, i.e., the ones which would be most likely retained after the rank override.  

Proposal 5: For the maximum number of NZ coefficients for , support Alt3.
Proposal 6: The following values for  are proposed to configure Alt3:
· :   , i.e., maximum number of NZ coefficients across all layers ;
· :   , i.e., maximum number of NZ coefficients across all layers ;
· :   , i.e., maximum number of NZ coefficients across all layers ;
· :   , i.e., maximum number of NZ coefficients across all layers .

5 	UCI design for Part 1 and Part 2 
In general, as already pointed out in this contribution, we are of the view that extension of the FD compression mechanism to higher ranks should follow the same principles and solutions adopted for lower ranks without unnecessary complications. If certain optimisations were not deemed desirable for , it would not be reasonable to introduce them only for , particularly if they impact the UCI design significantly.
Our proposal is to adopt a UCI design defined by the agreements reached for , with straightforward extensions to support higher ranks.
With regard to UCI part 1, the purpose of indicating the number of NZ coefficients in part 1 is to determine the payload size of part 2; hence it is more efficient to have a single joint indicator for all layers and keep the RI parameter, instead of having 4 separate #NZ indicators (one per layer) and derive the RI value, for example, by the number of nonzero such indicators.
With regard to UCI part 2, as argued in Sec. 6, our conclusion is that the oversampling factor for FD compression codebook, , is not needed, hence we propose to remove such indicator.
Proposal 7: Support UCI part 1 with: wideband CQI, sub-band CQI, a single indicator of the number of nonzero coefficients for all layers, and an RI indicator.
Proposal 8: Remove indicator of the oversampled orthogonal group for FD compression, , from UCI part 2.
6 	Working assumption on 
In a previous contribution, i.e., [6], we showed that operations such as the choice of an orthogonal group from an oversampled DFT codebook and a circular shift of the FD components can be expressed as a multiplication of the columns of the matrix  by a phase ramp, before applying FD compression. In other words, any oversampled basis selection process can be modelled by an appropriate per-column phase adjustment prior to the FD compression of , regardless of the considered oversampling factor . It is now worth recalling that a phase rotation across the columns of a precoding matrix does not affect the precoder performance, hence the base-station, i.e., gNB, may reconstruct such matrix up to a phase adjustment per column without affecting performance. Remarkably this is true for any type of precoder design and for any type of phase adjustment, e.g., circular shifts of FD components, phase normalizations and so on. However, it is rather evident that the choice of the appropriate per-column phase adjustment is an important degree of freedom that a UE can exploit to improve the performance of the FD compression, i.e. reduce the reconstruction error at the BTS.
The following two observations can be made:

1. The optimization of per-column phase adjustments prior to FD compression, which include the choice of an orthogonal group from an oversampled codebook, is an important operation the UE can perform to significantly improve the accuracy of FD compression;
2. The values of these per-column phase adjustments do not need to be reported to the base-station to achieve the benefits of such operations as oversampling, 

Consequently, the WA on  is redundant since any oversampled codebook application is equivalent a suitable phase adjustment prior to FD compression, with no signalling to gNB necessary to support such operation, and thus should be reverted,

Proposal 9: Revert WA on  to .

7 	Alphabet for weaker polarization quantization 
During RAN1 #96, the following quantization scheme for the FD compressed coefficients was agreed: 
· UE reports the following for the quantization of the non-zero coefficients in 
· A -bit indicator for the strongest coefficient index 
· Strongest coefficient (hence its amplitude/phase are not reported)
· Two polarization-specific reference amplitudes:
· For the polarization associated with the strongest coefficient , since the reference amplitude = 1, it is not reported
· For the other polarization, reference amplitude is quantized to 4 bits  
· The alphabet is   (-1.5dB step size)
· For :
· For each polarization, differential amplitudes of the coefficients calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits 
· The alphabet is   (-3dB step size)
· Note: The final quantized amplitude  is 
· Each phase is quantized to either 8PSK (3-bit) or 16PSK (4-bit) (configurable)

Subsequently, an issue was brought to the attention of WG1 related to the “zero” value in the reference amplitude value set. In particular, such value is unnecessary since the size-2LM bitmap indicating the position of the reported NZ coefficients already indicates the exact locations of the “zeros”. As a result, an offline discussion on this matter, i.e., modification of the alphabet to be used for quantizing the reference coefficient of the weaker polarization, after FD compression, has been carried out until March 26th. Several alternatives were proposed:
· Alt0: Keep “zero”;
· Alt1: replace “zero” with “Reserved” (i.e., remove “zero”, effective set size = 15;
· Alt2A: replace “zero” with value  (following -1.5dB step size);
· Alt2B: replace “zero” with value  (between the two most probable values for ;
· Alt2C: replace “zero” with complex value, e.g., , where  is the imaginary unit and  is the number of points in the constellation for phase quantization.

Our understanding is that a zero value is redundant in the alphabet for quantizing the reference amplitude of the weaker polarization in the clear majority of the cases, unless additional mechanisms are introduced in UCI part 1 (e.g., the inclusion of an additional bit to signal if the entire weaker polarization is zeroed). In fact, it is statistically very unlikely that a “zero” reference amplitude occurs in the weaker polarization, to zero out an entire polarization. Therefore, and in the spirit of not performing micro-optimization parameters in UCI Part 1 for cases that are not statistically very significant our preference goes to Alt1.
Proposal 10: For the modification of the alphabet used to quantize the reference amplitude of the weaker polarization, support Alt1.

8 	Conclusions
In this contribution, we have presented our views on the open issues for the enhanced Type II codebook for CSI feedback. 
The following observation was made:
Observation 1: UPT gain for  is characterized by a significant dynamic in terms of throughput/overhead tradeoff. Results for   have their merit but are possibly less interesting.
Our proposals are as follows:
Proposal 1: Support .
Proposal 2: For  rank extension, support RI-common and layer-group-specific parameter setting for SD/FD bases (L, p), according to alternatives Alt2B or Alt4D of the email discussion summary.
Proposal 3: For  rank extension, support higher-layer configuration of parameters , and .
Proposal 4: For  rank extension, support decision on the exact value set for , and  based on performance-overhead tradeoff evaluation, after down-selection of parameter-setting configurations.
Proposal 5: For the maximum number of NZ coefficients for , support Alt3.
Proposal 6: The following values for  are proposed to configure Alt3:
· :   , i.e., maximum number of NZ coefficients across all layers ;
· :   , i.e., maximum number of NZ coefficients across all layers ;
· :   , i.e., maximum number of NZ coefficients across all layers ;
· :   , i.e., maximum number of NZ coefficients across all layers .

Proposal 7: Support UCI part 1 with: wideband CQI, sub-band CQI, a single indicator of the number of nonzero coefficients for all layers, and an RI indicator.
Proposal 8: Remove indicator of the oversampled orthogonal group for FD compression, , from UCI part 2.
Proposal 9: Revert WA on  to .
Proposal 10: For the modification of the alphabet used to quantize the reference amplitude of the weaker polarization, support Alt1.
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