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Introduction
In RAN1#89, the following agreement about Type I and Type II CSI codebooks proposed in [2] was made.
	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


The agreement included the Type I multi-panel (MP) codebook for 2 and 4 panels wherein each panel comprises at least 4 ports. The case in which each panel comprises 2 ports, i.e., (N1, N2) = (1, 1) is not supported yet. An extension of the MP codebook for this case was proposed in [3]. This contribution provides our view on this extension. This contribution is a resubmission of R1-1717614.
Extension of Type I multi-panel codebook
The MP antenna structure with 2 ports per panel is relevant for use cases wherein antenna elements per panel per polarization is beamformed/virtualized to a single port. Two examples of such use cases are CSI acquisition for beamformed CSI-RS ports and CSI acquisition for high-frequency (millimetre wave) scenarios. Based on the agreed MP codebook, an extension to support this case is straightforward and doesn’t require any specification efforts at least for rank 1 and 2.    
For rank 3 and 4, however, the agreed MP codebook framework does not work since it requires rank 3 and 4 single-panel codebook per panel, which we don’t have since the number of ports per panel is 2. The following alternatives have been discussed during last meeting [4].
· Alt 0: According to the proposal in [3], the number of panels is split into two groups and precoders transmit non-coherently from each group.  
· Alt 1: Use single-panel rank 3-4 codebook.
· Alt 2: Following the agreed MP codebook framework, precoders transmit coherently from all panels.
With Alt 0, rank 1-2 precoders assume coherent transmission from all panels, and rank 3-4 assume non-coherent transmission from two groups of panels. This seems to deviate from the inherent assumption while designing MP codebook that the inter-panel spacing is such that coherent transmission is feasible from all panels. Also, it is unclear how coherent transmission is beneficial for rank 1-2 but not for rank 3-4. In our view, assumption about coherent and non-coherent transmission is related to the inter-panel spacing, not transmission rank. If the inter-panel spacing is not too large (so that inter-panel phase can be quantified using the codebook), then coherent transmission is feasible for all ranks. Otherwise, non-coherent transmission should be considered regardless of the transmission rank. Another point brought up in support of Alt 0 was the full rank transmission in case of rank 3-4. Note that this point is valid only for (Ng, N1, N2) = (2, 1, 1), and not for (Ng, N1, N2) = (4, 1, 1). Even for (Ng, N1, N2) = (2, 1, 1), as shown in Section 3, non-coherent rank 3-4 precoders does not show any gain over Alt 1 and Alt 2.   
Regarding Alt 1, there are at least two issues. The first issue related to the two panel case is that SB inter-panel cophasing (Mode 2) cannot be supported. The second issue related to the four panel case is that the use of DFT vector  in single-panel codebook for inter-panel phase will result in performance loss when compared with scalar quantization approach due to uncorrelated panel phases.   
We therefore propose to consider Alt 2 for rank 3-4 codebook design. For Mode 1, rank 3 and 4 precoders are respectively given by


 and ,
and for Mode 2, they are respectively given by


 and .
Proposal: Extend Type I multi-panel codebook to support (Ng, N1, N2) = (2, 1, 1) and (4, 1, 1)
· Support both Mode 1 and Mode 2 for Ng = 2 and rank 1-4
· For rank 1-4, use agreed codebook framework wherein precoders transmit coherently from all panels
· Rank 1-2: reuse agreed rank 1 and rank 2 codebook
· Rank 3: precoder structure for (Ng, N1, N2) = (2, 1, 1) is given by
· 
Mode 1:  
· 
Mode 2: 
· Rank 4: precoder structure (Ng, N1, N2) = (2, 1, 1) is given by 
· 
Mode 1:  
· 
Mode 2: 
· For (Ng, N1, N2) = (4, 1, 1) and Mode 1, precoder structures are similar to that for (Ng, N1, N2) = (2, 1, 1).
Simulation results
1 
2 
For performance evaluation, the non-full-buffer system-level evaluation is carried out for UMi channel model. The results are provided for (Ng, N1, N2) = (2, 1, 1). The relevant simulation parameters are enlisted in Table 1. 
In the first evaluation, the performance results are provided for simple extension of agreed rank 1 and rank 2 MP codebooks for (Ng, N1, N2) = (2, 1, 1). The results are shown for Mode 1 (WB inter-panel phase) and Mode 2 (SB inter-panel phase) in Figure 1 with Mode 1 as reference. We can observe the following.
Observation 1: For (Ng, N1, N2) = (2, 1, 1) and rank 1-2 transmission, Mode 2 achieves large performance gain over Mode 1; ~7% and ~32% additional gain in avg. and 5% UPT

[bookmark: _Ref458615598]Figure 1: Performance comparison, rank 1-2
In the second evaluation, the performance results for three rank 3-4 codebook alternatives (Alt 0, Alt 1, and Alt 2 in Section 2) are provided. For Alt 0 and Alt 1, the rank 1 and rank 2 codebooks are the same as that for (Alt 2, Mode 1). The rank 3 and 4 codebooks according to Alt 0 and Alt 1 have the following precoder structure.
· 

Alt 0 (Non-coherent):  and 
· 
Alt 1 (Type I SP rank 3-4): same as Mode 1 except  is reported WB using 8PSK codebook.  
The rank 3-4 PMI payload for these codebooks are summarized in Table 1.
[bookmark: _Ref492793805]Table 1: PMI payload for rank 3-4
	
	WB (bits)
	SB (bits)

	Alt 0 (Non-coherent)
	0
	1

	Alt 1 (Type I SP)
	3
	1

	Alt 2 (Type I MP), Mode 1
	2
	1

	Alt 2 (Type I MP), Mode 2
	4
	3



The performance results of these codebooks with Alt 0 (non-coherent) as a reference is shown in Figure 1. Based on these results, we can make the following observation.
Observation 2: For (Ng, N1, N2) = (2, 1, 1) and rank 1-4 transmission,
· Mode 2 achieves large performance gain over non-coherent rank 3-4; ~10% and ~56% additional gain in avg. and 5% UPT
· Performance of Type I SP and (Type I MP, Mode 1) rank 3-4 codebooks is slightly better than non-coherent rank 3-4 codebook
 

Figure 2: Performance comparison, rank 1-4
3 
[bookmark: _Ref446598642]Conclusions
In this contribution, the extension of multi-panel codebook for 2 ports per panel case is discussed. The proposals and observations made are summarized as follows. 
Proposal: Extend Type I multi-panel codebook to support (Ng, N1, N2) = (2, 1, 1) and (4, 1, 1)
· Support both Mode 1 and Mode 2 for Ng = 2 and rank 1-4
· For rank 1-4, use agreed codebook framework wherein precoders transmit coherently from all panels
· Rank 1-2: reuse agreed rank 1 and rank 2 codebook
· Rank 3: precoder structure for (Ng, N1, N2) = (2, 1, 1) is given by
· 
Mode 1:  
· 
Mode 2: 
· Rank 4: precoder structure (Ng, N1, N2) = (2, 1, 1) is given by 
· 
Mode 1:  
· 
Mode 2: 
· For (Ng, N1, N2) = (4, 1, 1) and Mode 1, precoder structures are similar to that for (Ng, N1, N2) = (2, 1, 1).
Observation 1: For (Ng, N1, N2) = (2, 1, 1) and rank 1-2 transmission, Mode 2 achieves large performance gain over Mode 1; ~7% and ~32% additional gain in avg. and 5% UPT
Observation 2: For (Ng, N1, N2) = (2, 1, 1) and rank 1-4 transmission,
· Mode 2 achieves large performance gain over non-coherent rank 3-4; ~10% and ~56% additional gain in avg. and 5% UPT
· Performance of Type I SP and (Type I MP, Mode 1) rank 3-4 codebooks is slightly better than non-coherent rank 3-4 codebook
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Appendix
[bookmark: _Ref450753651]Table 2: Simulation Parameters
	Parameters
	Rank 1-2 evaluation
	Rank 1-4 evaluation

	Simulation Type
	FTP1, Med load, Packet size = 500 kB
	FTP1, Low load, Packet size = 500 kB

	Channel model
	UMi-4GHz

	Antenna elements per panel
	(2,8), 8x1 virtualization in vertical

	(Ng, N1, N2)
	(2,1,1), 1st dimension is horizontal

	Panel spacing
	2 times in horizontal

	gNB (H,V) antenna spacing
	(0.5, 0.8)λ

	gNB and UE antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2
	4

	SU/MU pre-coding
	Conjugate beamforming

	Scheduling
	SU, proportional fair

	Channel estimation
	CSI-RS channel estimation impairments modeled

	Transmission rank
	1,2
	1,2,3,4

	Receiver
	MMSE-IRC



Mode 1	
Avg. UPT	5% UPT	1	1	Mode 2	
Avg. UPT	5% UPT	1.0659557125390573	1.318544809228039	



Non-coherent	
Avg. UPT	5% UPT	1	1	Type I SP	
Avg. UPT	5% UPT	1.011553273427471	1.026536312849162	Mode 1	
Avg. UPT	5% UPT	1.0158628278012103	1.0069832402234637	Mode 2	
Avg. UPT	5% UPT	1.0991655969191272	1.5600558659217878	
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