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Introduction
[bookmark: _GoBack]In RAN1#89, the PMI codebooks for Type I and Type II were agreed. 
Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers
This included the new multi-panel codebook for Type I reporting. In the multi-panel codebook, the same DFT precoder from the single-panel codebook is applied on each antenna panel, and a per-panel cophase is applied to coherently combine the panels to form a transmitted layer. The following configurations of number of panels  and panel port layouts  are supported:
	Number of CSI-RS ports
	
	

	8
	(2,2,1)
	(4,-)

	16
	(2,2,2)
	(4,4)

	
	(2,4,1), (4,2,1)
	(4,-)

	32
	(2,4,2), (4,2,2)
	(4,4)

	
	(2,8,1), (4,4,1)
	(4,-)


Thus, the case with two ports per panel (i.e. one port per panel and polarization), , is not supported. This is a resubmission of R1-1714583.
Beam management use case
One use case for a multi-panel codebook is when beam management is used and the gNB is equipped with multiple analogues panels, with 2 TX chains each, and where the gNB has the capability to transmit coherently between its antenna panels (which is a requirement for using the multi-panel codebook). Such as setup is illustrated in Figure 1. In order to determine a desired beam direction for the UE, the gNB can perform a P1 or P2 beam sweep from its antenna panels. If high-rank transmission is desired, the gNB can possibly transmit different layers on the different panels to the UE, possibly using different TX beams. However, if the UE require a low-rank transmission (i.e rank 1 or 2), the gNB has the following options:
A. Transmit from a single panel only
B. Transmit coherently from multiple panels
With option A, coverage is severely reduced, since all the available TX power cannot be used for the transmission, since only the PAs connected to a single panel is used. Furthermore, not all available antenna area is utilized, resulting in a wider beam than necessary. This is a wasteful approach if the gNB has the capability to transmit coherently across panels. 


Figure 1: Dual-panel setup
With option B, all TX power and antenna area is utilized, resulting in improved performance over option A. However, the gNB needs to know how to form the low-rank beam across the multiple panels. Again, there are two options:
· B1: Form a set of joint beams utilizing all antenna panels and perform a second beam sweep
· B2: Apply the best beam from the original beam sweep on all antenna panels, form a size-CSI-RS resource and trigger a CSI report with a multi-panel codebook to obtain panel cophasing information
With option B1, CSI-RS overhead could be quite significant compared to Option B2 since a second beam sweep must be performed. Furthermore, different beam sweeps must be done for each rank hypothesis. The number of beams in the second beam sweep would for instance be 64 in the 4-panel case to cover all beams that may be attained using option B2 (which uses QPSK pane cophase). From a technical viewpoint, option B1 would form beams in the beam sweep using both digital and analogue ports, which seems quite wasteful. Also, the optimal cophasing between antenna panels typically is more of a fast fading property than the panel beam direction, and so would have to be updated quite frequently, which would require a performing the beam sweep quite often. Furthermore, the multi-panel codebook has a mode with subband panel co-phase, which cannot be accomplished by option B1 unless frequency-selective beam sweeps are performed.
Thus, option B2 seems like the better approach since it would solve all the problems with option B1. However, this would require adding a multi-panel codebook with 2 ports / antenna panel, which is currently not agreed for NR. Fortunately, it is trivial to add support for such a codebook, we only need to introduce an additional set of allowed port/panel combinations as is illustrated in Table 1.

	Number of CSI-RS ports
	
	

	4
	(2,1,1)
	(-,-)

	8
	(2,2,1)
(4,1,1)
	(4,-)
(-,-)

	16
	(2,2,2)
	(4,4)

	
	(2,4,1), (4,2,1)
	(4,-)

	32
	(2,4,2), (4,2,2)
	(4,4)

	
	(2,8,1), (4,4,1)
	(4,-)


Table 1: Proposed new allowed port/panel layouts for multi-panel codebook
[bookmark: _Toc490138779][bookmark: _Toc490728683]The allowed panel/port layouts in the multi-panel Type I codebook are extended with 
For the rank-1 and rank-2 codebooks, no further spec-change is required since the quantity  in the 2 port/panel case in the codebook formula below:


However, for rank-3 and rank-4 codebook. The multi-panel precoder is constructed by applying rank 3/4 single-panel codebook on each antenna panel and then applying inter-panel co-phase. As there exist no rank 3/4 codebook for the 2-port single-panel codebook, slight modification has to be made for this case. The most straightforward way is to split the antenna panels in two groups and transmit non-coherently from each group, so that only the rank-2 codebook from single-panel codebook needs to be applied. This would result in the following rank-4 precoder for the 2-panel case:

And the following rank-4 precoder for the 4-panel case:

The rank-3 precoders may be constructed be taking the first three columns of the rank-4 precoder.
[bookmark: _Toc490728684]Construct the rank-3 and rank-4 MP-codebook precoders for by transmitting non-coherently from groups of  panels
Conclusions
In this contribution, we have discussed some shortcomings of the multi-panel codebook when used in conjunction with beam management. Based on this discussion, we propose to extend the allowed port layouts to support the case with 2 ports per panel. 
Proposal 1	The allowed panel/port layouts in the multi-panel Type I codebook are extended with 
Proposal 2	Construct the rank-3 and rank-4 MP-codebook precoders for by transmitting non-coherently from groups of  panels
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