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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, CS/CB scheme and the need for enhancements is discussed.  Then enhancements proposals using Class A and Class B FD-MIMO based CS/CB are discussed.

2. CS/CB supported in Rel-11 CoMP
The scenario of legacy (Release 11) CS/CB is illustrated in Fig. 1. TP1 is transmitting to UE1, but an adjacent TP (TP2) is also to UE2 at the same time frequency resource, resulting in interference to UE1. Using CS/CB, TP1 can coordinate with TP2 to mitigate/eliminate the interference to UE1. TP2 may avoid scheduling UE2 on the time frequency resource used by UE1 or select precoding matrix that causes limited interference to UE1for UE2.
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Figure 1 Scenario of CS/CB
The aforementioned interference coordination strategies are commonly implemented as follows:
 (1) Two CSI processes are configured for UE1, one CSI process for each TP. UE1 conducts measurement for the two CSI processes and feeds back the corresponding CSIs to TP1.
 (2)TP1 receives CSI1 and CSI2 from UE1, and forwards PMI2 to TP2. TP2 avoids using PMI2 for transmission on the time frequency resource utilized by UE1.Using CS/CB, the interference from TP2 to UE1 is mitigated or eliminated, and thus the performance of UE1 is improved.   TP1 may configure codebook subset restriction (CSR) to restrict the selection of beams based on the coordination.
With this scheme, the following drawbacks still exist:
1) High measurement complexity. The scheme places high requirement on the measurement ability of UE as N >1 CSI processes are needed to feed back the precoding matrix of the target and interference channels. The need to support N CSI processes incurs high complexity in UE implementation. 
2) Redundancy. For CSCB, CSI measurements are conducted for N TPs but demodulation is conducted for the serving TP only. N CSI processes produce N CSI feedbacks, which contain redundant information, as for interference channels only PMI may be needed.
3) Poor forward compatibility. In the case of FD MIMO, the number of antenna is large, which means high RS overhead to support N CSI processes. If one CSI-RS is configured for each TXRU when the number of TXRU Nt=12, 16, 32, N*Nt CSI-RS REs are required.

Observation:  Supporting CS/CB using multiple CSI processes requires unnecessary high complexity.
3. FD-MIMO framework for CS/CB
Enhancements can be considered for CS/CB based on the Rel-13 Class A and Class B FD-MIMO CSI feedback
3.1 Class A based Solution


For interference channel, we can feed back only the precoding matrix in the elevation direction.  In the scenario illustrated in Fig. 3, UE1 measures and feeds back CSI1 (i.e  CQI1/RI1/PMI1)  for TP1 via CSI process1. For interference TP (TP2), only channel condition in the elevation direction is measured. For dual polarized 2X4 antenna, only CSI-RS for elevation is measured, hence only two CSI-RS REs are needed. UE1 obtains the elevation channel Hv of TP2 on these CSI-RS REs, and selects  according to Hv. UE1 then searches for the index of the beam (i12) that matches with  and feeds i12 back to TP1. TP1 informs that TP2 that utilization of precoding matrixes corresponding to i12 should be limited for interference consideration. TP2 can avoid using precoding matrixes corresponding to i12 by CSR.
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Figure 2 Only feedback i12
Apparently, we can also limit the use of precoding matrix corresponding to i11 and the procedure is similar to i12. It is also feasible to feedback more than one i11 and /or i12 to limit the usages more precoding matrixes for better interference avoidance.
3.2 Class B based Solutions
As Class B has K CSI-RS resources for each CSI process in FD-MIMO, Class B can support CoMP even in one CSI process. Specifically, the K CSI-RS resource can be assigned to multiple TPs, where each TP occupies one or a group of CSI-RS resource. Supporting CoMP in one or multiple CSI processes depends on UE capability. Hence, there are two Class B based  solutions， Multiple CSI Feedbacks scheme， and one  CSI Feedbacks scheme.
Scheme 1 CS/CB with multiple CSI Feedbacks
For  Class B，K>1, we partition the K CSI-RS resources into two sets S1 and S2. S1 contains K1 CSI-RS resources while S2 contains K2 CSI-RS resources, thus we have K1+K2=K. The CSI-RS resources in S1 are utilized for the measurement of target signal and the CSI-RS resources in S2 are utilized for the measurement of interference. In Fig. 3, K=2 CSI-RS resources are utilized to support CS/CB. CSI-RS resource1 with N1 port is used for CSI1while CSI-RS resource 2 with N2 port is used to CSI2, in which N2<=N1. The advantage of the scheme is that only one CSI process is required, and it is applicable to UE in TM9 and TM10.
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Figure 3 CS/CB based Class B K=2
For current Class B, the K CSI-RS resources can corresponds to different beam directions. UE feedbacks a CRI, which is the index of the CSI-RS resource with the best signal quality. And UE also feedbacks a CSI deduced from the CSI-RS resource indexed by CRI. For CS/CB based on Class B FD MIMO,， UE can feedback multiple CRIs and CSIs. One of the CRI and CSI pair is for the serving TP while the other CRI and CSI pairs are for interfering TPs.
Scheme 2 Dynamic point switching with one CSI feedback
Similarly, the K CSI-RS resources are partitioned into two sets S1 and S2. S1 contains K1 CSI-RS resources while S2 contains K2 CSI-RS resources, thus we have K1+K2=K. TP1 utilizes the CSI-RS resources in S1 and TP2 utilizes the CSI-RS resources in S2. UE selects the CRI with the best signal quality and deduce CSI based on the CSI-RS resource indexed by CRI. If the CRI belongs to S1, UE chooses TP1 as serving TP. On the other hand, UE chooses TP2 for data transmission if the CRI is in S2. That is, the network will switch serving TP dynamically according to CRI feedback.   
3. 3 Enhancements to QCL
For CS/CB,  it is beneficial to define separate QCL parameter for CSI-RS and DMRS. In CS/CB, UE receives PDSCH from only one TP thus all DMRS ports are QCL. But UE may receive CSI-RS from multiple TPs, which means the CSI-RS ports may not be QCL. Therefore, eNB can configure multiple QCL sets for the CSI-RS ports. CSI-RS ports in the same QCL set are from the same TP while CSI-RS ports from different QCL sets are not. As defining multiple QCL parameter set places high requirement on UE complexity, a possible solution is to define one QCL for the DMRS ports and multiple QCL for CSI-RS ports. 

Besides, the CRI reported by UE may cause the switch of serving TP when CS/CB is supported by one CSI process with Class B K>1. In this case, multiple sets of QCL parameters are required for DMRS. One possible solution is to partition the K CSI-RS resources into multiple groups and bundle the DMRS ports to a group of CSI-RS resources via a set of QCL parameters.

Based on the analysis, there are quite some potential enhancements using FD-MIMO class A and class B CSI framework to support CS/CB.   
Proposal:  Study the CS/CB enhancements based on FD-MIMO Class A and Class B CSI feedback with single CSI process.

4. Conclusion
In this contribution, we show our initial consideration on CS/CB.  It is observed that  supporting CS/CB using multiple CSI processes requires unnecessary high complexity.  Based on the analysis, we propose to study the CS/CB enhancements based on FD-MIMO Class A and Class B CSI feedback with single CSI process.
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