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Introduction 
In the previous RAN1 meeting [1], the following agreements were made for enhancements on the Rel. 16 Type II PS codebook and CSI reporting for multi-TRP.
	Agreement
For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
Note that other solutions of UCI part II design are not excluded. 
Agreement
For the priority of mapping coefficients for Rel17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1#107-e:
· Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
Note that other solutions are not excluded.


In this contribution, we provide our views on Rel. 17 PS codebook and multi-TRP CSI reporting.
Enhancements on Type II PS codebook 
For the Rel. 17 PS codebook, each port is beamformed with an SD-FD pair i.e., with a spatial beam  (SD) and a frequency domain (FD) or delay component  . For the calculation of the precoder, a single wideband SVD operation is sufficient compared to the Rel.-16 precoder calculation, where an SVD operation is performed per subband, thus reducing the computational complexity of the precoder. The UE selects a number of coefficients, , associated with a subset of SD-FD pairs, and reports them to the gNB. In the following, details regarding UCI omission are discussed. 
UCI omission
In Rel. 16, the precoder coefficients are ordered firstly across layers, secondly across port indices and thirdly across FD basis indices and the priority equation is given by the following.

Based on the above mapping function, the precoder coefficients associated with all port indices are ordered in an increasing port index fashion, starting from the first port index of the first polarization until the last port index of the second polarization. Note that the maximum number of selected port indices in Rel.16 is only 8 across both polarizations, whereas, for Rel. 17, the maximum number of port indices can be 32. Therefore, when the Rel. 16 priority function is used for the coefficient ordering for the Rel. 17 PS CB, it would highly likely result in a dropping of all precoder coefficients associated with the second polarization especially in the case of , in the event of an omission. 
Observation: The maximum number of selected port indices for the Rel. 17 CB is 32 which is four times more than that of Rel 16 CB.
For example, when considering 4 ports per polarization i.e., , according to the Rel. 16 mapping function the port indices c0,c1,c2,c3,c4,c5,c6,c7 are ordered in an increasing order c0,c1,c2,c3,c4,c5,c6,c7, and in the event of omission, the port indices c4,c5,c6,c7 are dropped. Dropping port indices (or precoder coefficients) of an entire polarization shall be avoided because of the following reasons. Sum power of the precoder coefficients of one polarization is always greater than the other polarization. The strongest port in one polarization is also the strongest port in the other polarization and the same relation exists more or less for all other ports. The aforementioned observations have also been validated from the simulation results shown in Table 1, where Rel. 17 PS CB with port permuation (method 2 as given below) outperforms the Rel. 17 PS CB with out port permutation by 27% for a rank - 2 transmission using  and M = 1. The performation degradation is due to the dropping of all port indices of a single polarization. Therefore, dropping the port indices of an entire polarization is not preferred and some kind of port permuation is needed for the coefficient mapping in CSI part 2. 
Table 1: Performance of Rel. 17 PS CB using Rel. 16 coefficient mapping without and with port permuation.
	
	Rel. 16 coefficient mapping without port permutation
	Rel. 16 coefficient mapping with port permutation (Method 2)

	Rank 1
	100%
	108.5%

	Rank 2
	100%
	127%


Observation: Re-using the Rel. 16 mapping function results in dropping of precoder coefficients associated with an entire polarization.
Proposal: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by . 
Port permuation can be realized in different ways. However, port permuation that gives equal priority to port indices from both polarizations is needed. One of such method is described below.
Method 1

Method 2 is was proposed by few companies in Rel. 16. Starting with the port index associated with the strongest coefficient (strongest port index), the port indices are alternated between the polarizations. Before permuting, the port indices are modulo shifted with respect to the stongest port index.  For example, for  and assuming c1 is the strongest port index, the port indices c0,…, c7 are ordered as shown in the table below.

	Rel 16
	Method 2

	c0,c1,c2,c3,c4,c5,c6,c7
	c1,c5,c2,c6,c3,c7,c0,c4


Note that the moduo shifting of the port indices with respect to the strongest coefficient or strongest port index changes the order of all port indices. Also, as gNB beamforming is not transparent, the power distribution of the ports cannot be established statistically. Moreover, as the amplitude and phase of the strongest coefficient is not reported, modulo shifting of the port indices with respect to the strongest port index doesn’t add any value benefit to the permuation and hence it is not required. 
Observation: Modulo shifting of the port indices with respect to the strongest coefficient doesn’t seem beneficial as the strongest coefficient itself is not reported. 
Proposal: Port permutation with respect to the strongest coefficient shall not be supported. 
Method 2

According to this method, the first  port indices of the first polarization and the first  port indices of the second polarization are ordered sequentially, followed by the remaining  port indices of the first polarization and the remaining  port indices of the second polarization. The port permutation is given by 

 For example, for , the port indices {c0,…, c7} are ordered as shown in the table below.
	Rel 16
	Rel. 17

	c0,c1,c2,c3,c4,c5,c6,c7
	c0,c1,c4,c5,c2,c3,c6,c7


In the event of an UCI omission, the port indices of both polarizations {c3,c4,c7,c8} are dropped. However, compared to method 1, method 2 is fairly simple and involves less alternation between the two polarizations.
Proposal: The port permuation function for Rel. 17 PS CB is given by 

Regarding the contents and grouping of UCI part 2, we don’t see a need to make any changes to the Rel. 16 grouping. Therefore, we prefer Alt 3.  
Proposal: Prefer Alt 3 i.e., three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed.
Conclusions
Based on the above discussions, we have the following observations and proposals. 
Observation: The maximum number of selected port indices for the Rel. 17 CB is 32 which is four times more than that of Rel 16 CB.
Observation: Re-using the Rel. 16 mapping function results in dropping of precoder coefficients associated with an entire polarization.
Proposal: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by . 
Observation: Modulo shifting of the port indices with respect to the strongest coefficient doesn’t seem beneficial as the strongest coefficient itself is not reported. 
Proposal: Port permutation with respect to the strongest coefficient shall not be supported. 
Proposal: The port permuation function for Rel. 17 PS CB is given by 

Proposal: Prefer Alt 3 i.e., three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed.
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