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[bookmark: _Ref129681832][bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the discussions on UE feature, the following agreements on UE capabilities for CSI reporting are achieved [1]. In this contribution, the search complexity of Type II codebook is analysed and also provide our view on UE capability of type II codebook [2].
	#
	Feature group
	Components
	Type (see R2-1712078)
	RAN WG recommendation

	2-41
	Type II codebook
	1. Max # of Tx ports 
FFS on whether this ports number needs to be jointly defined with # of CSI-RS resources/CSI Reports
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4, 8, 12, 16, 24 and 32 ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level, candidate value set: {no restriction, subset restriction}
5. Support bit allocation for amplitude scaling and phase, candidate value set: {equal, unequal, both} 
FFS to have one FG or multiple FG on above components.
	Type 4
	Component-1 , candidate values {4, 8, 12, 16, 24, 32}
Component-2, candidate values FFS
Component-3, candidate values set: {wideband, wideband/subband}



PMI search for type I and type II codebook
Type I codebook is designed targeting SU-MIMO, where the precoding vector for different layers fed back by UE are orthogonal to each other. The feedback overhead for type I codebook is limited and similar with class A codebook in LTE, which also limited the resolution of type I codebook. The conventional PMI search method for Type I codebook is linear searching with the computations of HP, where H is the estimated channel at UE side and P is the candidate precoding matrix. Of cause, there may be some semi-optimal linear searching method by reducing the searching space of candidate PMIs. However, type II codebook is designed targeting MU-MIMO, in which the precoding vector for different layers can approach the eigenvector of the estimated channel. If the conventional PMI search method is used for PMI searching with type II codebook, the searching space would be huge because of the high resolution of type II codebook and the high feedback overhead correspondingly. Actually, PMI for type II codebook can be obtained by the channel eigenvector.
W1 searching
For type II codebook, W1 mainly consists of L orthogonal beams, and 2L-1 wideband amplitudes as well as the strongest coefficient index for each layer. Beam combination codebook can be seen as the projecting of the channel eigenvector on the L orthogonal beams. Therefore, we can obtained the optimal L beams in each orthogonal beam group by sorting the amplitudes of inner product of channel eigenvector and the candidate beams within the beam group, e.g., <e, bi>. The corresponding L optimal amplitudes are the wideband amplitudes UE should quantize to obtain the quantization bits.
For type I codebook, W1 mainly consists of 1 or 4 beams. Conventional method for W1 searching is an exhaustive searching within potential beams and co-phases by the product of channel and the candidate precoding matrix, e.g., HP, by which we can find the optimal beam for feedback. The reason for joint searching beam for multiple layers is that the precoding vectors of multiple layers for type I are dependent on each other. In other word, the quantization for each layers are jointly operated. However, the quantization for each layer in type II codebook is independent.
W2 searching
For type II codebook, W2 mainly consists of 2L-1 subband amplitudes and 2L-1 subband phases. Similar with W1, the subband amplitudes and subband phases can be obtained by projecting the channel eigenvector onto the selected L beams.
For type I codebook, W2 mainly consists of co-phase(s) between two polarizations. Similar with W1, the co-phasing can be obtained by exhaustive searching within potential co-phases by the product of channel and the candidate precoding matrix, e.g., HP, by which we can find the optimal co-phase for feedback.
Number of complex multiplication
As discussed above, the most time consuming part for type PMI search may be the SVD operation to obtain a channel eigenvector. However it can done as an equivalent SVD operation to reduce the complexity from Õ(Nt2) to Õ(Nr2), assuming H (Nt, Nr) = UΣVH and Nt >> Nr. The basic produce can be described as
· V and Σ can be obtained by the SVD of HHH, which has the dimension of (Nr, Nr).
· Then U can be obtained by U = HVΣ-1.
Taking H(8, 2), (N1, N2, O1, O2) = (2, 2, 4, 4) and rank1 feedback as an example, we can calculate the number of complex multiplication and list as follows:
	
	Type I
	Type II

	W1 searching 
	· Searching the best PMI within all the candidate PMIs by
·  (N1N2O1O2 candidate b, 4 candidate )
	· Perform E-SVD decomposition with wideband H to obtain the most significant eigenvector V
· Searching the best L (2/3/4) DFT beams within all the beam groups by
· V’b (N1N2O1O2 candidate b)
· The wideband amplitudes are the amplitude of V’b with the selected L beams

	
	Number of complex multiplication: ~5000
	Number of complex multiplication: ~600

	W2 searching
	· Searching the best PMI within all the candidate PMIs by
·  (1 or 4 candidate b, 4 candidate )
	· Perform E-SVD decomposition with subband H to obtain the most significant eigenvector V
· The subband amplitudes and phases can be obtained by V’b with the selected L beams
· V’b (L candidate b (L=2/3/4))

	
	Number of complex multiplication: ~300
	Number of complex multiplication: ~150



Observations: PMI searching complexity of type II codebook is much less than that of type I codebook.
Therefore, the myth that “the implementation of type II codebook is high” is not correct. With higher resolution feedback, type II codebook can increase the system throughput significantly without increasing the UE implementation complexity. Then we have the following proposal:
Proposal 1: A basic subset of Type II codebook should be mandatory at least for the following cases:
· 4/8 ports
· L4=2, L8=2/3/4
· Amplitude scaling type
For the FFS parts in #2-41:
	1. Max # of Tx ports sd
· FFS on whether this ports number needs to be jointly defined with # of CSI-RS resources/CSI Reports
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4, 8, 12, 16, 24 and 32 ports.
3. Support amplitude scaling type
4. Support amplitude subset restriction level, candidate value set: {no restriction, subset restriction}
5. Support bit allocation for amplitude scaling and phase, candidate value set: {equal, unequal, both} 
FFS to have one FG or multiple FG on above components. 



For the FFS part in component 1, it seems unnecessary to jointly define the maximum number of Tx ports with the number of CSI-RS resources/CSI Reports. Because the report of the maximum number of CSI-RS resources/CSI Reports can be reported as UE capability in #2-33 and #2-35. We shall strive to decouple the consideration of codebook from the restriction of CSI-RS resources/reports since the main burden of CSI processing comes from the numbers of CSI-RS resources and required CSI reports. 
For the FFS part in component 4, it is related to codebook subset restriction and should not be discussed in UE capability reporting. It seems to be unnecessary to enable or disable the functionality of codebook subset restriction of type II codebook, since the complexity of CSI processing can be roughly balanced by the value of L. 
Proposal 2: Remove amplitude subset restriction level as UE capability of CSI reporting from UE feature list#2-41.
For the FFS part in component 5, the UE capability of bit allocation for amplitude scaling and phase seems unnecessary. As agreed in codebook design for type II, for the case of wideband amplitude only and the case of L=2 with wideband/subband amplitude, the bit allocation is equal. For the case of L=3/4 with wideband/subband amplitude, the bit allocation is unequal. We have agreed that the UE capability reporting of parameter “Lx” in 2 and amplitude scaling type in component 3, then UE can choose which mode UE want to support. 
Proposal 3: Remove bit allocation for amplitude scaling and phase as UE capability of CSI reporting from UE feature list#2-41.
Proposal 4: Text proposal for UE feature group#2-41:
	----Text Proposal for UE feature group#2-41------------------------------------------------------
1. Max # of Tx ports 
FFS on whether this ports number needs to be jointly defined with # of CSI-RS resources/CSI Reports
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4, 8, 12, 16, 24 and 32 ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level, candidate value set: {no restriction, subset restriction}
5. Support bit allocation for amplitude scaling and phase, candidate value set: {equal, unequal, both} 
FFS to have one FG or multiple FG on above components.



Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discuss the UE feature group for Type II codebook, based on which the following proposals are made.
Observations: PMI searching complexity of type II codebook is much less than that of type I codebook.
Proposal 1: A basic subset of Type II codebook should be mandatory at least for the following cases:
· 4/8 ports
· L4=2, L8=2/3/4
· Amplitude scaling type
Proposal 2: Remove amplitude subset restriction level as UE capability of CSI reporting from UE feature list#2-41.
Proposal 3: Remove bit allocation for amplitude scaling and phase as UE capability of CSI reporting from UE feature list#2-41.
Proposal 4: Text proposal for UE feature group#2-41:
	---Text Proposal for UE feature group#2-41------------------------------------------------------
1. Max # of Tx ports 
FFS on whether this ports number needs to be jointly defined with # of CSI-RS resources/CSI Reports
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4, 8, 12, 16, 24 and 32 ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level, candidate value set: {no restriction, subset restriction}
5. Support bit allocation for amplitude scaling and phase, candidate value set: {equal, unequal, both} 
FFS to have one FG or multiple FG on above components.
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