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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the MU-MIMO use case, different feedback categories for Type II feedback have been agreed and it has been further discussed if a common design could be used to cover possible different MU-MIMO scheme and feedback implementations. The following agreement was reached in RAN1 #88bis ‎[1]:
	Agreements:
· FFS to support a common design of W2 for Cat. 1, Cat. 2 and Cat. 3 
· FFS for Cat. 3, W2 only feedback is allowed
· FFS amplitude feedback for W2 (e.g., wideband, subband, etc.)
· Note: this does not mean NR supports all three categories
· FFS whether or not to merge Category 1 and Category 3 using a unified codebook formulation



In this contribution, common design is discussed.

Antenna configurations

The NR CSI feedback should be flexible to cover several use cases. Already in LTE the FD-MIMO supports two-stage codebook in addition to possible analog beamforming and hybrid feedback. The analog beam might have been based on SRS transmission or reciprocity. The LTE FD-MIMO was more clearly designed for single panel application. However, the current discussion on both Type I and Type II feedbacks also has been focusing on single panel solutions and the multi panel extension has been discussed separately. 
At low carrier frequencies it could be expected that the role of analog beamforming is reduced because sufficient coverage may be achieved even without beamforming and digital precoding is more flexible in terms of implementing diverse MIMO schemes. Further, the beam sweeping approach will cause scheduling restrictions. Hence, it could be expected that relatively high number of antenna ports are going to be allowed by the specification. One single panel example is shown in Figure 1 where 32 antenna ports might be used ‎[2]. Up to at least 32 ports per resource configuration was also targeted in the SI phase ‎[3].
In high carrier frequencies the single panel solution might still be similar as in Figure 1 except possibly the number of analog antennas per TXRU might increase. Still it could be assumed that reasonable number of antenna ports are available. The beam management becomes more complicated as number of beams to sweep is larger both in gNodeB and UE.
In extreme case, only single TXRU per panel per polarization could be assumed and the analog beam forming and beam management will take care of most of the adaptation. However, only a limited number of TXRUs are supported. In the example in Figure 2, only 8 antenna ports are available. Hence, it might be the case that actually multiple TXRUs per panel are used as in Figure 3 supporting 32 antenna ports.



[bookmark: _Ref479766686]Figure 1. Single panel example.



[bookmark: _Ref479768007]Figure 2. Multi panel case assuming single TXRU per panel per polarization.


[bookmark: _Ref479768234]Figure 3. Multi panel case assuming multiple TXRUs per panel.

Yet another option to support reasonably high number of antenna ports is to map multiple TXRUs to the same antenna panel or subarray, where the TXRUs would be fully connected inside the panel or subarray. For example, up to 32 antenna ports could be supported by mapping 4 TXRUs per the whole panel per polarization in Figure 2. 

MU-MIMO schemes and CSI feedback

It could be assumed that the dual stage codebook handles the digital precoding part and the beam management handles the analog beamforming. In the FD-MIMO like low frequency use case the beam sweeping and management might be replaced by e.g. CRI reporting, SRS based estimation or reciprocity style beam selection being transparent to the UE. It could also be more probable to have single panel approach at low frequencies and the W1 and W2 could be used to handle the intra panel precoding unless even the feedback of W1 is handled by e.g. reciprocity based beam selection and only the W2 is fed back based on beamformed CSI-RS. At higher frequencies, the W1 and W2 could still handle the intra panel precoding but additional W3 matrix is assumed to handle the precoding between panels. In the extreme case of 1 TXRU per panel per polarization or the case where multiple TXRUs are mapped to the same antennas in a panel, only the W2 could be needed in addition to W3.

The used MIMO scheme also has impact to the feedback of W1 and W2. The category 1 precoder feedback in general requires information on both W1 and W2. In general, the type II MU-MIMO feedback is targeting low number of layers. Hence, there is no need to define different W2 for categories 1 and 3 like in CLASS A and CLASS B LTE. Only the way of measuring the information is different. Hence, categories 1 and 3 could be merged. The only additional configuration information is required to indicate if both the CSI-RS estimates and the W1 are needed when estimating W2 similar to the CLASS A feedback in LTE.
The category 2 Covariance feedback scheme may have different alternatives. The dynamic spatial dimension reduction (DSDR) scheme ‎[4] and joint spatial division and multiplexing (JSDM) ‎[5] propose feedback of long term covariance information C and short term information based on beamformed CSI-RS. Hence, the W2 is fed back in addition to the covariance information. However, it seems to be preferred that the W2 is actually measured from beamformed CSI-RS being closer to the category 3. On the other hand, schemes such as (SLNR) in ‎[6] could be based on using only the covariance information C. Further, simulations using the principal eigenvector of a covariance matrix were also presented in ‎[7] where the feedback was based on category 1 feedback. Considering the above there seems to be no need for the separate category 3 in codebook perspective. One just needs to define what CSI-RS resource is used to measure the configured feedback of C, W1 and W2. Required feedback and various MIMO schemes are summarized in Table 1 excluding W3 feedback. It can be concluded that rather than having different feedback categories, one can just specify the feedback configuration flexibly enough.
[bookmark: _Ref481657739]Observation 1: Different MU-MIMO schemes can be implemented by configuring specific CSI-RS resource for estimation of C, W1 and W2 when applicable. Only the estimation of class A like category 1 would need additional information.
[bookmark: _Ref481657752]Proposal 1: Support a common design of W2 for Type II feedback.
[bookmark: _Ref481657755]Proposal 2: Merge Category 1 and Category 3 using a unified codebook formulation.
[bookmark: _Ref479864186]Table 1. Summary of feedbacks.
	Scheme
	C fb
	W1 fb
	W2 fb
	Note

	Cat 1 precoder
	no
	Yes
	yes
	LTE CLASS A like solution

	Cat 1 precoder 
	no
	no (handled by e.g. analog beamforming)
	yes
	multiple fully connected TXRUs per sub-array or per panel per polarization (L>1)

	Cat 2 DSDR and JSDM
	yes (possibly use W1 for compression)
	No
	yes
	not preferred in terms of W2  feedback

	Cat 2 SLNR
	yes (possibly use W1 for compression)
	No
	no
	

	Cat 3 precoder
	no
	yes
	yes (based on beamformed CSI-RS)
	

	Cat 3 DSDR and JSDM
	yes (possibly use W1 for compression)
	No
	yes (based on beamformed CSI-RS)
	





Conclusions
In this paper, following observation and proposals are made:
Observation 1: Different MU-MIMO schemes can be implemented by configuring specific CSI-RS resource for estimation of C, W1 and W2 when applicable. Only the estimation of class A like category 1 would need additional information.
Proposal 1: Support a common design of W2 for Type II feedback.
Proposal 2: Merge Category 1 and Category 3 using a unified codebook formulation.
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