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[bookmark: _GoBack]Introduction
In RAN1#98bis, the following agreements and conclusions have been made on the DFT based Type II compression CSI enhancements for MU-MIMO [1].
Agreement
On further details for CSI reporting pertaining to the Rel.16 Type II codebook: 
· SP CSI reporting of Part-1-only CSI on PUCCH format 3 and 4 is not supported
Agreement
On UE capability issues: 
· For a UE capable of Rel.16 Type II codebook, agree on the following:
· Mandatory support for L=2, 4 
· Supported without additional UE capability signaling
· Mandatory support for maximum rank of 1 and 2
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]FFS whether the support for maximum rank 3 and 4 is mandatory or not 
· Supported without additional UE capability signaling
· Separate UE capabilities for the “regular” Rel.16 Type II and Rel.16 Type II port selection codebooks
· Note: for discussion purposes:
· “Mandatory” implies that the (sub-)feature is always supported when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered basic. Rel.16 Type II codebook is a UE optional feature.
· “Optional” implies that a separate UE (sub-)capability is needed (hence not necessarily supported) even when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered advanced.   
Agreement
On CBSR for Rel.16 Type II codebook, support beam-group-based restriction analogous to Rel.15 Type II codebook. 
Agreement
On Rel.16 extension for Type II port selection codebook to rank-3 and 4, support extension with simple reuse of Rel.15 W1 matrix (i.e. layer-common W1).
Agreement
For amplitude restriction mechanism:
· Alt 0. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 

For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· 



Alt 3A from RAN1#98 (soft with sum-power-ratio constraint), simplified to  for each  where  denotes the number of NZCs associated with .
· 
[bookmark: MTBlankEqn]The value of  is configured from the Rel.15 2-bit amplitude restriction table
· The number of beam-groups is the same as Rel.15 Type II CBSR
Support Alt0 as mandatory and Alt3A (described above) as optional analogous to Rel.15 Type II codebook. 
· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”
Agreement
For Rel.16 Type II codebook, when R=2:
· When the actual CQI sub-band size is equal to the configured CQI sub-band size, the CQI sub-band is split into two equal parts wherein each part corresponds to a PMI sub-band. 
· For edge CQI sub-bands:
· When an edge CQI sub-band size is less than or equal to the half of the configured CQI sub-band size, there is only one PMI sub-band with the same size as the edge CQI sub-band. 
· Otherwise, when an edge CQI sub-band size is greater than half of the configured CQI sub-band size, there are two PMI sub-bands wherein the size of the edge PMI sub-band is smaller than the other PMI sub-band (whose size is half of the configured CQI sub-band size).
Conclusion
For Rel.16 Type II codebook, there is no consensus in introducing restriction to support only contiguous sub-band configuration for CSI reporting
Agreement 
On UCI omission for Rel.16 Type II codebook, the following scheme is supported:
· 



Priority level definition: If priority levels of two LCCs and are such that Prio(λ2,l2,m2)< Prio(λ1,l1,m1), LCC  has a higher priority over 
· 

Non-zero LC coefficients and bits of bitmap  are prioritized/ordered from high to low priority according to (λ,l,m) with the same priority function Prio(λ,l,m)
· 



G1 comprising the  highest priority non-zero LC coefficients  and the  highest priority bits of bitmap
· 



G2 comprising the  lowest priority non-zero LC coefficients  and the  lowest priority bits of bitmap 
· The priority level is calculated as Prio(λ,l,m)=2L.RI.P(m)+RI.l+λ where P(m) maps the index m according to the following order of the corresponding FD components (if selected): 0, N3-1, 1, N3-2, 2, .... 
In this contribution, we will put our views on the remaining issues of Type II CSI enhancements for MU-MIMO.
 DFT based compression scheme for Type II codebook 
Since we have almost finished the design of Rel-16 Type II codebook, there are only some remaining issues need to be further discussed:
· UE capability on the number of PMI sub-bands
· UE capability for rank 3 and 4 
· UE capability for concurrent codebooks
· [bookmark: OLE_LINK1]CBSR description
UE capability on the number of PMI sub-bands
To address the issue of UE complexity caused by large number of PMI sub-bands, the following alternatives were discussed in the email discussion about the UE capability on the number of PMI sub-bands. 
Alt 2: Mandatory for N3<=19, optional for N3>19.
Alt 3: Mandatory for R=1, optional for R=2.
The UE complexity on supporting large number of N3 is caused by the hardware (e.g., computation complexity and buffering) limits. 
· Since Rel-15 sub-band reporting has already required 19 sub-bands, supporting N3 <= 19 now should have no extra UE complexity compared with what we already have for Rel-15 commercial UEs. Furthermore, for N3<=19, NW can still realize the performance gain from R=2 for CQI sub-band number < 10. Especially for large CQI sub-band size cases(e.g. 16 and 32), which may not need to configure more than 10 CQI sub-bands, allowing R=2 configuration will significantly improve compression efficiency. Hence to make N3<=19 mandatory will make the best utilization of current UE hardware resource limits and allow more NW flexibility for small CQI sub-band number.
· For N3>19, we can depend on UE capability signaling to further realize the performance gain of R=2 for large bandwidth in future. 
Considering above, we think Alt 2 is a better trade-off between UE complexity and NW performance than Alt 3. Therefore, we think it makes more sense to support N3<=19 mandatory and N3>19 optional. In addition, the entire Rel-16 Type II CSI framework splits into two parts, including N3<=19, where one-step FD indicator is used, and N3>19, where two-step FD indicator is used. Hence Alt 2 can avoid mandatory UEs implement two different schemes and align with the general design principle for eTypeII CSI.
Proposal 1: For UE capability on the number of PMI sub-bands, support mandatory for N3<=19, optional for N3>19.
UE capability for rank 3 and 4 
One of the motivation of Rel-16 Type II codebook is to extend maximum rank to 4 without significant overhead increase. The gain of having rank 4 is quite large. Further, as the overhead of rank 4 is comparable to rank 2, the extra UE complexity to support it can be controlled. In addition, in Rel-15, 4-layer PDSCH transmission is mandatory for bands where 4 Rx antennas are mandatory for single CC operation. Hence we can reuse this principle for rank 3 and 4 support of Rel-16 enhanced Type II CSI. Otherwise, without the support of rank 3 and 4 CSI report, the mandatory support of 4 PDSCH layers cannot be useful for FDD use cases. 
Proposal 2: At least for single CC operation, the support of rank 3 and 4 is mandatory in the bands where 4Rx antennas are mandatory for Rel-16 enhanced Type II CSI.
UE capability for concurrent codebooks
During the off-line email discussion, some companies had concern on current UE CSI capability signalings.They think that current UE capability signaling ( i.e. {max number of ports/resource, max number of resources, max number of total ports}) are defined for each codebook type across all CCs within a band. In some cases, when multiple codebook types (e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I) are triggered simultaneously, UE capability signaling can’t be shared among different codebook types. Then, UE may have to underreport its capabilities. To address this issue, some companies proposed to utilize concurrent codebook capabilities, shared upper limits among different codebook types or a complementary UE capability to define what combinations are supported or not.
From our point of view, we are not sure the exact use case of this. The use case of configuring both Type I and Type II codebooks to a UE needs to be justified first. Typical NW implementation would fail to have necessity to trigger multiple codebook types simultaneously, since Type I codebook is more suitable for low load scenarios and Type II codebook is planned for MU-MIMO scheduling. Further, as Type II is mainly used for just one CSI-RS resource and large number of CSI-RS ports, a simpler UE implementation is to let hardware resource for processing Type II CSI fixed/pre-occupied, e.g., to reserve buffer of one resource with 32 ports for a CC. Hence the real benefit of jointly optimizing these two aspects is unclear to us. Last, we agree with many other companies that even if this issue is worthy to be discussed, the best venue to discuss it is the UE feature session.
Proposal 3: Whether to support UE capability for concurrent codebooks should be further discussed in UE feature session.
CBSR description
During the email discussion on RRC parameters, it was agreed that there is no need for an additional RRC parameter to configure a UE for either “Alt0” or “Alt3A” when the UE is not capable of “Alt3A” (soft amplitude restriction). Then the remaining issue is whether and how to define the UE behavior when it does not support Alt 3A. 
From our perspective, some additional text in specification is needed to clarify the UE behavior when soft restriction is not supported. That is, UE is not expected to be configured with amplitude restriction other than {0,1} when UE does not report the parameter amplitudeSubsetRestriction=’supported’.
Proposal 4: When the UE is not capable of “Alt 3A” for Rel.16 Type II CBSR, UE is not expected to be configured with amplitude restrictions other than {0,1}.

Conclusion
In this contribution, we discuss remaining issues in Type II enhancement for MU-MIMO. Based on the discussion , we have the following  proposals.
Proposal 1: For UE capability on the number of PMI sub-bands, support mandatory for N3<=19, optional for N3>19.
Proposal 2: At least for single CC operation, the support of rank 3 and 4 is mandatory in the bands where 4Rx antennas are mandatory for Rel-16 enhanced Type II CSI.
Proposal 3: Whether to support UE capability for concurrent codebooks should be further discussed in UE feature session.
Proposal 4: When the UE is not capable of “Alt 3A” for Rel.16 Type II CBSR, UE is not expected to be configured with amplitude restrictions other than {0,1}.
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