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1. Introduction
In RAN1 #88, the following agreements were reached:

Proposals:
Agreements:
· Update the RAN1 Jan. Ad hoc agreements as follows;
· Study the following DL CSI feedback for different degree of channel reciprocity, 
· For full channel reciprocity 
· Explicit interference feedback: e.g., Interference covariance matrix, diagonal elements of interference covariance matrix
· Implicit interference feedback: e.g., Interference PMI feedback
· Explicit channel feedback: e.g., CSI of multiple TRPs
· For partial channel reciprocity (e.g., more Rx ports than Tx ports at UE)
· Partial CSI feedback for eNB to acquire full CSI 
· Non-PMI feedback
· CSI contains RI and CQI
· FFS how RI and CQI are derived
· E.g., RI and CQI depend on a PMI which is selected from a defined codebook or a configured codebook subset
· UE may also calculate RI and CQI directly with estimated channel without assuming PMI from any predefined codebook, FFS spec impact 
· Study whether or not to support CSI-RS and SRS transmission in the same slot (e.g., for fast CSI acquisition)
· Study if a limitation on the number of SRS and/or CSI-RS ports due to UE complexity, slot duration of different numerology are needed.
 

In this contribution, we provide our views on CSI acquisition for reciprocity based operation.   
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2. Schemes for partial CSI feedback

In this contribution, we consider CSI acquisition aided by partial CSI from SRS transmission. In general, hybrid CSI can be considered in this setup. The partial CSI provided by SRS transmission can be put to good use.

First antennas in a 2D antenna array at base station are divided into two groups according to polarization. In the example below, with 8 pairs of cross-pol antennas at base station: 

	
antennas 1-8 form one group, and antennas 9-16 form another group.


2.1 1Tx and 2 Rx at UE

At UE side, first we assume a pair of cross pol antennas is  is used.
The receiver model is given by


	










where  is , and , a  matrix, is the channel response between UE antenna 1 and base station antennas 1-8, , a  matrix, is the channel response between UE antenna 1 and base station antennas 9-16, , a  matrix, is the channel response between UE antenna 2 and base station antennas 1-8, , a  matrix, is the channel response between UE antenna 2 and base station antennas 9-16.



From SRS transmission at UE antenna 1,  and  are approximately known at the base station.




Assume , where  is the Hermitian operator. Accumulating over multiple tones in the frequency domain can be used to obtain a wideband or subband , the subscript “1” signifies the covariance matrix is derived from SRS transmission of UE Tx antenna 1. 









Note that the base station can accumulate over time, e.g. over two or more SRS transmission occassions with moving average. Assume a low UE speed at 3 Km/Hr, in 60 millisconds, the displacement of UE Tx antenna 1 is about half-a wavelength at a carrier frequency of 3 GHz. If the UE A timing domain sampling of the spatial channel can be utilized for a spatial sampling of the spatial channel.  If the UE antenna configuration is aligned with UE’s moving direction (e.g. the UE antennas are , and antennas  are spaced half-wavelength away from , and are in parallel with UE’s moving direction) a good approximation from samplings in the time domain from one UE antenna  can be used to reveal the spatial channel properties  between  itself and other UE antennas  and base station antennas. In another word,  if  is accumulated over time, then it may actually contains contribution from UE antenna 3 in the example. Of course, when the UE antenna configuration is not aligned with the UE’s moving direction, the accumulation over time for may not include a completely faithful representation of UE antenna 3. We note  Tx antenna switching can be used to send SRS from different UE antennas. Tx antenna switching & accumulation over time can jointly provide complete information on the channel response, though insertion loss due to antenna switch cannot be ignored. From the previous discusison, it may not not necessary to perofrm SRS transmissions from all UE antennas as some information is provided through accmulation over time, rather using some representive UE antennas (e.g. Antennas 1 & 2 with the antenna configuration ) may be adequate. Hence SRS antenna port selection over time can be optimized also.  



  Once is obtained through single shot observation or accumulation over time and/or antenna switching, an eigenvector decomposition on  can be perfomed at the base station:


	






where  is a diagonal matrix with descending eigenvalues at the diagonals,  is a unitary matrix and ,  is  vector, .

As there are only two antennas at the UE, from CSI acquisition’s point of view, the base station needs to acquire the knowledge to decide whether rank 1 or rank 2 is preferred for DL data transmission. 

To achieve that, in one example, the following construction for precoding
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for a 4 port CSI-RS vritualization (power normalization can be handled by .

On the UE side, over the virtualized CSI-RS ports, the UE performs CSI measurement and reporting according to a reduced rank codebook (over the virtualized antenna ports (2 ports or 4 ports) instead of all the antenna ports at base station (16 ports in this example)). 


For the reduced rank codebook, a linear combination codebook, Class A W2 part in general, Class B codebook with beam selection as introduced for Class B at  as in Rel-13 or the legacy LTE Rel-8 2 Tx codebook,  can be considered. Along with rank indication, PMI and the CQI can be calculated according to interference experienced at the UE. Note as potential the precoding process has to be conducted for many UEs, aperiodic CSI-RS or CSI-RS use from a shared pool can be used.

It can be observed that the SRS transmission is used to reveal beam structure or a beam basis/basis vectors at the base station, and the base station uses the acquires beam basis to construct a precoder, and the precoder is used for CSI-RS antenna virtualization. 


we can also consider another approach, the partial channel information in  can be used to identify a main beam between the base station to the UE, for example through correlation with all the codewords in the codebook (e.g. Class A codebook from Rel-13). For example, through performing correlation between  from the procedure given in Section 3.1 and codewords in a Class A codebook, the codeword with the strongest correlation with  is found, and its composing beam(s) is/are identified.

If there is an one-to-one mapping between an identified beam and a corresponding beam group in the codebook, then beams from that beam group can be used for CSI-RS antenna port virtualization. This is similar to what is considered in the previous section, the difference lies in the previous section one constructs a codebook according to channel observation directly via obtained eigen decomposition, here the channel observation is mapped into a set of basis vectors   and then the identified set of basis vectors is used to build the precoder with a structure similar to the beam group defined in Rel-13 FD-MIMO codebooks.

From the above procedure, we basically assume a low rank precoder acquired from partial CSI information can be used as an indicator for a higher rank precoder. From that, retaining the nested property of precoders, i.e. a low rank precoder is contained as a scaled version of a high rank precoder with column selection, is still desirable in the codebook construction.

We have 
Proposal: Consider CSI acqustion with partial CSI in Type I/II CSI discussion.



3. [bookmark: _Toc474161178]Conclusion
In this contribution, we provide our views on CSI acquisition with partial CSI. We have 
Proposal: Consider CSI acqustion with partial CSI in Type I/II CSI discussion.
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