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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86bis meeting, it was agreed to further study the CSI measurement and feedback schemes for CS/CB enhancement as follows [1]: 
1. At least the following enhancements should be studied for CS/CB enhancement:
0. CSI feedback enhancement
0. [bookmark: OLE_LINK64][bookmark: OLE_LINK65]e.g. CSI feedback reflect different interference beamforming hypothesis from coordinated TPs .
0. [bookmark: OLE_LINK334][bookmark: OLE_LINK335]e.g. CSI feedback considering power adjustment
0. [bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK336][bookmark: OLE_LINK337]e.g. only CSIs regarding TPs with strong interference are reported
0. Interference measurement enhancements
0. [bookmark: OLE_LINK326][bookmark: OLE_LINK327]e.g. NZP CSI-RS used for measuring interference from coordinated TP.
0. e.g. aperiodic CSI-IM
0. [bookmark: OLE_LINK324][bookmark: OLE_LINK325]e.g. measurement restriction in the frequency domain 
[bookmark: OLE_LINK194][bookmark: OLE_LINK195]In this contribution, we discuss CSI enhancements and feedback for CS/CB with FD-MIMO.
CSI feedback enhancement 
CSI feedback with different interference hypothesis
[bookmark: OLE_LINK330][bookmark: OLE_LINK331][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK198][bookmark: OLE_LINK199]When the CSI of serving TP is measured, the serving TP under different interference beams would lead to different CSI measurement results. NZP CSI-RS would be a choice to measure interference since channel matrix and precoding matrix of the interference beam can be both obtained by NZP CSI-RS. If UE obtains the channel matrix and the precoding matrix of the serving TP, as well as that of the coordinated TPs, UE may be able to calculate the CSIs of the serving TP under different interference hypothesis from coordinated TPs.  
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK12][bookmark: OLE_LINK13]In addition, when a UE obtains the channel matrices of the coordinated TPs, the UE would calculate the serving TP’s CSIs under different interference hypothesis from coordinated TPs. For example, one CQI is reported without the interference of the coordinated TP. Another CQI is reported with the smallest CQI under the strongest interference of the coordinated TP aiming to the UE. Therefore, in order to obtain CSIs under different interference hypothesis from coordinated TPs, multiple CQIs feedback should be supported.
[bookmark: OLE_LINK344][bookmark: OLE_LINK345][bookmark: OLE_LINK27][bookmark: OLE_LINK14][bookmark: OLE_LINK40]Proposal 1: Multiple CQIs feedback corresponding to different interference beamforming hypothesis from coordinated TPs should be supported for CS/CB. 
CSI feedback considering power adjustment
In CS/CB transmission scheme, in order to decrease the interference to edge UEs and enhance the system performance, the coordinated TPs may consider avoiding the interference beam or reducing the interference beams’ transmission powers. As shown in Figure 1, by UE1’s CSI measurement and feedback, TP2 knows that beam2 is a strong interference beam for UE1. Therefore, TP2 will reduce the transmission power of beam2 when TP2 transmits data using beam2 to serve its UEs in its serving range, while TP2 will still use the normal transmission power to serve its UEs with beams other than beam2. In this transmission scheme, TP2 will use different ratios of PDSCH EPRE from different precoding matrices to CSI-RS EPRE to serve its UEs. 
[image: ]
Figure 1: Different power ratio for different precoding matrices
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In the current CSI measurement and feedback, TPs only configure one power ratio message for all of the available codebooks. Under such circumstances, UE will report a best PMI based on a same power allocation to codebooks. While in the transmission procedure, the TP would allocate an adjusted power when using the best PMI, which will probably cause the selected best beam no longer being best anymore. In order to obtain the accurate CSI information under different transmission powers for different precoding matrices, CSI feedback considering power adjustment should be supported, for example TPs need to configure different power information for different precoding matrices.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK346][bookmark: OLE_LINK28][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 2: CSI feedback considering power adjustment for precoding matrices should be supported. 
Feedback overhead issue
In CS/CB, it is needed to configure CSI measurement information for multiple coordinated TPs, or multiple beams of one coordinated TP. In the current CSI measurement method, if the serving TP configures CSI measurement information to one UE, the UE will report the required CSI measurement results to its serving TP. With the number of coordinated TPs increasing, the overhead of feedback would become larger. In fact, some of the interference beams are relatively strong for one UE while some are relatively weak. For the weak interference beams, it may not be necessary to report their CSIs. Efficient feedback would be an important topic in CS/CB, providing a possible solution to reduce the overhead.
In order to support only CSIs regarding TPs with strong interference to be reported, the criterion for judgement of weak and strong interference should be studied in the specification. For example, for a UE, the criterion may be the difference between serving TP’s CQI and the coordinated TP’s CQI. Or, the criterion may be the difference between the serving TP’s CQI without the interference from coordinated TPs and the serving TP’s CQI with the interference from coordinated TPs. In addition, when a UE judges whether the CSI needs to be reported or not, indications of the CSIs which are reported should be informed to the serving TP. In this way, CSI report information which is different from the existing specification should be considered.
[bookmark: OLE_LINK338][bookmark: OLE_LINK339][bookmark: OLE_LINK347][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK98][bookmark: OLE_LINK19][bookmark: OLE_LINK41]Proposal 3: Low overhead CSI feedback that only includes strong interference from coordinated TPs should be supported for CS/CB. 
Interference measurement enhancement
NZP CSI-RS used for measuring interference from coordinated TP
In order to realize CSI feedback with different interference hypothesis, NZP CSI-RS used for measuring interference from coordinated TPs should be supported, since channel matrix and precoding matrix of the interference beam can be both obtained by NZP CSI-RS. This scheme can avoid configuring large number of CSI processes and reduce the overhead and time delay.
[bookmark: OLE_LINK342][bookmark: OLE_LINK343][bookmark: OLE_LINK340][bookmark: OLE_LINK341]It is required to differentiate the NZP CSI-RS resources for the serving TP and the NZP CSI-RS resources for the coordinated TPs in the CSI calculation. Therefore, in CSI measurement configurations, how to indicate the NZP CSI-RS resources used for measuring the interference should be considered in the specification, such as indicated by CSI process ID/NZP CSI-RS resource ID/CSI-IM ID [2].
[bookmark: OLE_LINK348][bookmark: OLE_LINK349][bookmark: OLE_LINK350][bookmark: OLE_LINK31][bookmark: OLE_LINK99][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK42]Proposal 4: NZP CSI-RS resources used for measuring interference should be supported in order to obtain the channel matrix and precoding matrix for the interference beams from the coordinated TPs. 
Measurement restriction in the frequency domain
[bookmark: OLE_LINK57][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK62][bookmark: OLE_LINK63]Because of the channel multipath fading, the channel matrices of different subbands are different. When a UE obtains the channel matrix of coordinated TP by NZP CSI-RS resource, the UE may select the different strongest interference PMIs of the coordinated TP in different subbands. Then, different subbands interference hypothesis will cause different CQI values. According to the current CSI measurement method, the interference in CQI calculation is the average interference of whole bandwidth [3], which causes the interference measurement inaccurate. Therefore, in order to obtain the accurate interference hypothesis in different subbands, the subband interference measurement should be studied for CS/CB. 
In addition, if the serving TP has confirmed to schedule a UE in determined subband, the serving TP can configure frequency indication of NZP CSI-RS resource to inform the UE to measure the interference only on the subband. In this way, the overhead of CSI-RS will be reduced.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK351][bookmark: OLE_LINK352][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK100][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]Proposal 5: The subband interference measurement should be studied for CS/CB in order to obtain the interference hypothesis in different subbands. 
Conclusions 
[bookmark: _Ref129681832]In this contribution we discuss the CSI enhancement for CS/CB. Based on the analysis we have the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Multiple CQIs feedback corresponding to different interference beamforming hypothesis from coordinated TPs should be supported for CS/CB. 
Proposal 2: CSI feedback considering power adjustment for precoding matrices should be supported. 
[bookmark: _GoBack]Proposal 3: Low overhead CSI feedback that only includes strong interference from coordinated TPs should be supported for CS/CB. 
Proposal 4: NZP CSI-RS resources used for measuring interference should be supported in order to obtain the channel matrix and precoding matrix for the interference beams from the coordinated TPs. 
Proposal 5: The subband interference measurement should be studied for CS/CB in order to obtain the interference hypothesis in different subbands. 
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