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1. Introduction
In RAN#71, the study item (SI) description “Further enhancements to Coordinated Multi-Point Operation “was approved [1]. The main objectives of the study item are to identify and evaluate the performance benefits of the following enhancements related to coordinated multi-point schemes:
· Support of non-coherent joint transmission (JT) (e.g. support of MIMO layers transmission by the different transmission points in the single-user MIMO)
· Extension of beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points
In this contribution, the detailed solutions about the enhancements on the feedback of CQI, CSI-RS/CSI-IM and QCL for the CS/CB scheme are introduced.
2. Enhancements to the CQI feedback
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The typical deployment scenario for CS/CB is depicted in Figure 1. The UE1 is served by TP1 with interference from the adjacent TP2, which serves UE2 at the same time frequency resource. 
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In this case, two CSI processes (CSI1 and CSI2), are adopted by the UE1 to feedback the channel state information (CSI), including CSI/PMI/RI, of the link1 (From TP1 to UE1) and link2 (From TP2 to UE1), respectively. A suffix 1 or 2 are added to differentiate the CSI for these two processing, such as CSI1 including CQI1/PMI1/RI1.
The SINR for the link between TP1 and UE1 can be calculated as

,



where  refers to the channel matrix for link1 which is estimated from the CSI-RS resource in CSI1. And is the corresponding precoding matrix denoted by PMI1.  depicts measured interference and noise through CSI-IM1 in the first CSI process. 






However, the accuracy the aforementionedfor link1 is limited since the instantaneous interference of link2 can’t be obtained. For optimizing the obtained CQI1, multiple CSI-RS resources should be considered in the CSI1 process to obtain the interference from the coordinating TPs and . For example, in the use case shown in Figure 1, the CSI-RS resource NZP CSI-RS1 and NZP CSI-RS2 can be used to estimate and ,  respectively . IMR1 can be used to estimate  which is the other TPs interference and noise .Then, the can be derived through the following equation under the different assumptions for the precoding matrix used in TP2 listed below:


· 
Assumption 1:  used by TP2 is directly informed by TP1.
· 

Assumption 2:   is selected when the minimum  is reached.
· 

Assumption 3:   is selected when the maximum  is reached.


Figure 2 Illustration of the RS for two coordinating TPs
Additional, the former calculation can also be done within one CSI processes if the aforementioned CSI-RS1 and CSI-RS2 resources stand for the CSIR-RS resource in Class B, K=2 case.
Proposal 1：Enhancements on calculation of CQI for CS/CB should be considered.  Configuration of extra CSI-RS for the interference channel measurement should be further studied. 
3. Enhancements to CSI-RS/CSI-IM
According to the objectives of the SI, CS/CB will be enhanced by introducing the features of FD MIMO on the TPs. Since the coordinating freedom for the beam in each TP will be much larger to support the full dimension beamforming, the corresponding overhead of reference signals (RS), i.e., NZP CSI-RS, ZP CSI-RS and CSI-IM, will dramatically increase. Mainly, there are two ways to avoid the unaffordable overhead of reference signals for CS/CB.
· Reduce the number of the RS ports
Alt1：Partially configured RS
According to the proposed method in [2], only the RSs which correspond to the TXRU in elevation domain are considered. This method can be applied when the Class A mode is adopted. And the overhead for both measurement and feedback can be reduced.
       Alt2：beamformed  RS


Beamformed CSI-RS scheme has been adopted to reduce feedback overhead, RS overhead  and computation complexity [6].   As shown in the equation below, the traditional precoding matrix F could be divided into two parts P () and W (), which stands for the long term channel statistics and short term CSI, respectively.   

                                            


Here, refers to the received data, and represents the noise. 

The demanded CSI-RS ports will be reduced since the CSI-RS will be beamformed after the adoption of P  ()  . More specifically, three kinds of P matrix are considered:
· Case 1： Cell specific, it means that the same P matrix is used for all UEs belong to the same TRP;
· 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Case 1：UE Group Specific，in this way, all UE for TRP will be divided into groups and the identical P matrix is shared by the UE within one group;
· Case 1： UE Specific，it refers to that the different P matrix is adopted by the each within same TRP..
According to the aforementioned cases, the minimum CSI-RS consumption will achieved when the cell specific P matrix is adopted. But the matched-degree is poor for each UE, especially when a lot of UEs are active. In contrast, the high accuracy with largest CSI-RS overhead will be obtained after the adoption of UE specific P matrix.  The compromised performance is achieved in the UE group specific way. More detailed comparison can be found in Table 1.
[bookmark: _Ref462948768]Table 1 Comparison of the CSI-RS consumption 
	
	Class A
	Cell specific
	UE Group specific
	UE specific K=1

	Required CSI-RS resources
	

	

	

	


	Typical value
	16,32
	2,4
	
4,8（）
	
16,32（）

	Notes: 




: number of Tx antenna; : number of Eigen vector : number of group;: number of UE.


· RS resource sharing：
It refers to that one set of RS resource can be shared by different TRPs in time, spatial or code domain. Three different ways are proposed: 
Alt1：Aperiodic transmission of the CSI-RS
The transmission of the CSI-RS can be aperiodically triggered by each TP in the coordinate set according to the demands [3]. And the CSI-RS resource of each TP can be independently configured. This method can be easily extended in the deployment scenarios with large candidate set.
Alt 2：Measurement restriction
In Rel-13, the MR is introduced to reduce the overhead of the CSI-RS in Class B mode.  Similar methodology can also be used in the enhanced CS/CB case. The same period cycle and offset can be shared by the coordinating TPs. CSI-RS can be transmitted by different TPs at different time instant and it is valid only in one subframe.  However, comparing with Alt1, the flexibility of this method is limited. 
[bookmark: OLE_LINK3]Alt3: Multiplexing of the CSI-RS resource with IC
To reduce the overhead of CSI-RS resource, the CSI-RS-IC method can be introduced to enhance multiplexing of resources by cancelling interference caused by multiplexing in the following two cases which involves multiplexing CSI-RS resources from different TPs and the same TP respectively.
Case 1: As proposed in [4], the coordinating TPs can transmit the NZP CSI-RS in the same time with the shared CIS-RS resource. The advanced receiver with the CSI-RS-IC capacity should be used to eliminate the inference among TPs at Rx sides. However, the performance will be limited when the coordinate set is enlarged.
Case 2: With beamformed CSI-RS, the transmission of the NZP CSI-RS resources from the same TP can share the identical time-frequency resource in same CSI-RS pattern since NZP CSI-RS can be transmitted by the spatially separate beams along different directions. However, due to imperfection and overlapping among the beams, the interference still cannot be totally eliminated. And the performance in this case will be further enhanced by adopting the advanced receiver with the CSI-RS-IC capacity.
Additionally, these proposed methods can be adopted independently or with different combination. For example, the MR could be used to reduce the overhead together with usage of beamformed RS. 
Proposal 2: In enhanced CS/CB involving the feature of FD-MIMO, optimization of CSI-RS and CSI-IM should be studied for overhead reduction. 
4. Enhancements to QCL
· CSI-RS: 
In the current specification, QCL is adopted to indicate the relationship among ports which are associated to DMRS and CSI-RS. However, in CS/CB, UE receives PDSCH from only one TP and CSI-RS from all the coordinating sets. Consequently, all DMRS ports are QCL, but the CSI-RS ports are not. 
For solving it, multiple QCL sets for the CSI-RS ports can be configured by the eNodeB with the principle that: CSI-RS ports in the same QCL set are from the same TP while CSI-RS ports from different QCL sets are not. All the DMRS ports will be associated with one of the CSI-RS set under the same QCL assumption. The complexity of the UE could be reduced since only CSI-RS resource should be adopted to calculate the time and frequency offsets during the demodulation of the data.
· DMRS:
The enhancement on DMRS related QCL is also considered as proposed in [4], which suggests that the orthogonal DMRS ports should be used for adjacent TPs to reduce the inference on the DMRS. But the performance of interference estimation will be degraded due to time and frequency offsets between TPs. To eliminate the influence of this offset, different QCL sets should be defined for each DMRS port and the corresponding CSI-RS. 
However, with the introducing of FD-MIMO in CS/CB, the interference level for the DMRS from the adjacent TPs should be evaluated since much more antenna and different precoding matrixes are deployed. Meanwhile, the feasibility and the performance of this method should also be studied in the larger coordinating set with multiple TPs. 
Proposal 3:  Enhancements on QCL for CS/CB should be further studied.
5. Conclusion
In this contribution, our views on the enhancement of the CS/CB are introduced.  The following proposals about the optimization of the CSI-RS/IM, CQI calculation and QCL are presented:  
Proposal 1：Enhancements on calculation of CQI for CS/CB should be considered.  Configuration of extra CSI-RS for the interference channel measurement should be further studied. 
Proposal 2: In enhanced CS/CB involving the feature of FD-MIMO, optimization of CSI-RS and CSI-IM should be studied for overhead reduction. 
Proposal 3:  Enhancements on QCL for CS/CB should be further studied.
Initial evaluation has been conducted.  Based on the evaluation, we have the following observation:
Observation:  Coordination in elevation domain using FD-MIMO Class B feedback has the potential to provide performance gain.
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