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Introduction
In RAN#80 meeting, the WID of NR MIMO enhancement was approved in [1]. In the detailed scope of NR MIMO enhancement, the following points propose MU-MIMO enhancements relevant to Type II CSI feedback.
· 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 this contribution, we give our views on the Type II CSI enhancements in the above MU-MIMO scope.
Type II overhead reduction
2.1 Type II overhead reduction in Rel-15
In NR Rel-15, CSI feedback framework is flexible to support various deployment and implementation requirements. Based on the CSI framework, Type II CSI overhead can be controlled flexibly. 
One approach to achieve semi-static Type II overhead reduction is through CSI reporting band configuration. In NR Rel-15, a BWP is divided into numerous sub-bands based on the sub-band size determined by a configuration parameter and BWP size. CSI reporting band is defined as a selection of the sub-bands in the BWP. The selection of sub-bands is realized by a bitmap, which can be contiguous or non-contiguous. Hence the number and location of sub-bands, as well as the sub-band CSI overhead, can be controlled by CSI report band configuration. To be more specific, beam information in Type II is wide-band reported, and phase/amplitude is sub-band reported. The major overhead of Type II report is the sub-band phase and amplitude overhead. With a proper CSI reporting band configuration, the overhead of Type II sub-band report can be reduced along with the number of selected sub-bands. For example, if CSI reporting band is configured as in Fig. 1, where the even sub-bands are selected based on a bitmap {1010101010}, half of the Type II sub-band overhead can be reduced compared with including the entire BWP in the CSI reporting band. Upon receiving the Type II report, gNB can derive the amplitude/phase of the non-reported sub-bands via interpolation.


Fig.1 CSI reporting band configuration
Observation 1: NR Rel-15 CSI reporting band configuration can achieve semi-static overhead reduction for Type II feedback.
Another approach to achieve dynamic Type II overhead reduction is through partial CSI omission. UE can omit the sub-band payload based on a comb pattern as in Fig.1 if the allocated PUSCH resource is not sufficient to transmit the entire Type II CSI with a specific code rate. If the allocated PUSCH cannot carry the full CSI, UE would omit the sub-band Part 2 CSI, which include the sub-band phase and amplitude for Type II, in odd sub-bands. The total sub-band overhead of Type II depends on RI a lot, which changes dynamically with the channel variation. gNB does not know the exact payload before decoding RI. With this mechanism, gNB can perform PUSCH resource allocation more flexibly, and CSI overhead can be reduced dynamically. Upon receiving the Type II report, gNB can derive the amplitude/phase of the non-reported sub-bands via interpolation.
Observation 2: NR Rel-15 partial CSI omission can achieve dynamic overhead reduction for Type II feedback.
Based on the above analysis, Type II CSI overhead can be controlled well in Rel-15. Thus when studying Type II enhancements for overhead reduction, we should consider the overhead reduction mechanism supported in Rel-15 as a baseline.
Proposal 1: Enhancements for Type II overhead reduction shall consider the overhead reduction mechanism in Rel-15 as a baseline
· Rel-15 overhead reduction mechanism includes flexible CSI reporting band configuration and partial CSI omission.
2.2 Enhancements for Type II overhead reduction
As mentioned above, the major Type II overhead comes from sub-band phase and amplitude. Based on previous study, for each beam’s phase in one layer is correlated in time domain, as the phase mainly depends on the delay of that path. Further, the frequency selectivity of amplitude is not strong, which means sub-band amplitudes also have frequency domain correlation. Therefore, to exploit frequency-domain correlation of the combination coefficients potentially provides solutions to further Type II overhead reduction. Except utilizing frequency-domain correlation of combination coefficients, other solid solutions haven’t been identified in previous study. Considering limited TU allocated for Rel-16 MIMO, we propose to focus on using frequency-domain correlation of phase/amplitude for Type II overhead reduction.
In fact, the Rel-15 overhead reduction mechanisms described in Section 2.1 have already taken advantage of the frequency-domain correlation for the combination coefficients. In the above mechanisms, UE reports sub-band coefficient information for only partial sub-bands in the BWP or configured CSI reporting band. gNB can derive the amplitude/phase of the non-reported sub-bands via interpolation. The performance of the interpolation can be guaranteed as the phases and amplitudes have frequency-domain correlation. The performance of these mechanisms is given in [2] with 1/2 or 3/4 overhead reduced.
The enhancements for Type II overhead reduction can be classified into two types of directions. 
· The first type is to define a new codebook structure or CSI configuration. The new structure or configuration is usually selected semi-statically. This type can be seen as semi-static overhead reduction. 
· [bookmark: _GoBack]The other type is to extend the partial CSI omission rule. As the exact CSI overhead changes dynamically along with some CSI values, e.g., RI, this type of overhead reduction is to reduce the dynamic overhead so that the PUSCH resource allocation can be more flexible and simplified. This one can be regarded as dynamic overhead reduction.
Semi-static overhead reduction
As discussed above, the potential new codebook structure or CSI configuration for overhead reduction should focus on using frequency-domain correlation of the combination coefficients. 
One of the candidate solutions is to employ differential encoding for the sub-band phase. For example, in each of the L beams of one layer, if we use QPSK quantization for one of the sub-bands, and 1-bit differential coding for other sub-bands, almost half of the sub-band phase overhead can be reduced. The performance loss can be controlled due to the frequency correlation of the phase.
The above example and some related approaches, e.g., the flexible CSI reporting band configuration in Rel-15, exploit the frequency domain correlation by using a pre-defined frequency-domain pattern to reduce sub-band overhead. However, as the frequency-domain pattern can be different for different channel realizations, a pre-defined pattern would reduce performance. One potential approach taking advantage of the channel characterization for overhead reduction is based on SVD on the combination coefficients. 


Fig.2 Matrix composed by coefficients of all sub-bands
Consider a Type II CSI report for N ports and M sub-bands with L beams. A rank R Type II precoder in sub-band m can be expressed as follows

where  are the L combined beams and  denotes the coefficient for beam l in sub-band m and layer r. Then for each layer r, each sub-band has 2L-1 coefficients. The coefficients for all the beams and sub-bands in layer r can be expressed as the following (2L-1)*M matrix.

The composition of the matrix Cr is also depicted in Fig. 2. Based on SVD, the correlation of the different sub-bands can be derived for Cr, i.e.,

The correlation of the coefficients in beam domain and frequency domain is realized in Ur and Vr, respectively. Then if we extract the first d vectors in Ur and Vr, and multiply the first d singular values of  into Ur or Vr, we have

where  is a (2L-1)*d matrix,  is a M*d matrix and the vectors in  or  are orthogonal mutually. Then UE can quantize and feed back the amplitude and phase of the entries in  and . gNB can recover the precoders for different sub-bands based on . Further, sub-band CQI is derived and reported based on .
In the above SVD based feedback, only (M+2L-1)*d*R coefficients are quantized and fed back compared with (2L-1)*M*R coefficients in original Type II CSI. If d is set to 2, using Type II quantization approach in Rel-15, almost half of the Type II sub-band overhead can be reduced for L=4 and M>=9.
Dynamic overhead reduction
In Rel-15, dynamic overhead reduction for Type II is realized by partial CSI omission. Specifically, if the allocated PUSCH cannot carry the CSI report based on a given code rate, UE would omit the sub-band phase and amplitude of the Type II CSI in odd sub-bands as shown in Fig. 1. Based on this mechanism, half of the CSI overhead can be reduced dynamically. 
The current granularity of the omission is half of the sub-bands. If reducing half of the sub-band CSI cannot fulfill the PUSCH capacity, the entire sub-band CSI is omitted. It can be enhanced by introducing more levels of omission. For example, if omitting half of the sub-band cannot meet the PUSCH capacity, UE can try to omit 3/4 of the subbands by reporting the sub-band CSI in sub-band 0, 4, 8, …, i.e., by a comb-4 pattern. If the CSI overhead based on comb-4 can meet the PUSCH capacity but CSI overhead of comb-2 cannot, UE will omit the sub-band CSI in sub-bands except sub-band 0, 4, 8…. The performance of comb-4 is simulated in [2], which shows the performance loss is not large by using gNB-side interpolation. 
Extending the partial CSI omission rule to a finer granularity will give gNB more flexibility to do PUSCH resource allocation. Especially, if the rank of Type II is extended to RI<=4, the dynamic range of the sub-band overhead is much larger than the current RI<=2. Even if half of the sub-band CSI is omitted, the total CSI overhead difference for different RI values can still be as larger as a one-layer sub-band CSI payload, i.e., more than 100 bits. Thus the current CSI omission granularity is not sufficient. The introduction of a comb 4 would reduce the rank-4 overhead to a similar overhead as rank 1.
Proposal 2: Both semi-static overhead reduction and dynamic overhead reduction should be considered in Rel-16.
· Overhead reduction should focus on using frequency-domain correlation of the combination coefficients.
Higher rank support for Type II
A study point of Type II enhancement in Rel-16 is to evaluate the higher rank support of Type II. Type II CSI is major targeted to the MU-MIMO use cases. If rank 4 is supported for Type II, gNB would have more flexibility to do MU scheduling, e.g., 4+4 MU paring can be possible. However, the performance of supporting higher rank Type II should be justified. 
In fact, usually, a similar performance of 4+4 MU paring can also be achieved by a 2+2+2+2 MU pairing. Then to compare the rank-2 performance and rank-4 performance in MU, we should limit the total number of streams to the same maximum number of streams, e.g. 8, in gNB to enable both of the above two MU scheduling strategies. Further, in practical network, the gain of rank-4 MU may come from the case that gNB cannot find 4 UEs to be scheduled in the cell. Hence, in order to simulate this case, FTP traffic model should be assumed instead of full buffer.
Proposal 3: Whether to support higher rank for Type II shall depend on performance evaluation taking MU scheduling with limited total number of gNB streams into account in FTP traffic model. 
Additionally, overhead reduction is also a significant issue in supporting higher rank Type II. The total number of rank 4 CSI can be twice as the rank 2 CSI without overhead reduction. All the overhead reduction schemes, including both semi-static and dynamic overhead reduction, should consider rank 4 if the performance gain of rank 4 is justified. Especially for the dynamic overhead reduction, the current partial CSI omission granularity is not sufficient for rank 4 based on the analysis above. Hence the CSI omission rule should be extended to finer granularity, e.g., including comb-4 pattern, if Type II CSI is extended to higher rank.
Proposal 4: If Type II is extended to higher rank, the CSI omission rule for partial sub-bands should also be extended.
Conclusion
In this contribution, we discuss remaining issues in Type II enhancement for MU-MIMO. Based on the discussion, we have the following observations and proposals.
Observation 1: NR Rel-15 CSI reporting band configuration can achieve semi-static overhead reduction for Type II feedback.
Observation 2: NR Rel-15 partial CSI omission can achieve dynamic overhead reduction for Type II feedback.
Proposal 1: Enhancements for Type II overhead reduction shall consider the overhead reduction mechanism in Rel-15 as a baseline
· Rel-15 overhead reduction mechanism includes flexible CSI reporting band configuration and partial CSI omission.
Proposal 2: Both semi-static overhead reduction and dynamic overhead reduction should be considered in Rel-16.
· Overhead reduction should focus on using frequency-domain correlation of the combination coefficients.
Proposal 3: Whether to support higher rank for Type II shall depend on performance evaluation taking MU scheduling with limited total number of gNB streams into account. 
Proposal 4: If Type II is extended to higher rank, the CSI omission rule for partial sub-bands should also be extended.
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