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1 Introduction
In the RAN#87 meeting several enhancement to coordinated scheduling / coordinated beamforming (CS/CB) schemes has been agreed to be captured in TR 36.741 [1]
	-
Enhancement to QCL assumptions for DM-RS antenna ports

-
e.g., non co-located DM-RS antenna ports

-
Control signalling enhancements

-
e.g., One DCI or multiple DCIs to support CW-specific resource allocation / MCS assignment / PDSCH RE mapping, more than one CSI-RS resource for QCL/ CW-to-layer mapping

-
CSI enhancements

-
e.g., CSI calculation for multiple CSI processes with dependency among CSI processes

-
e.g., CSI calculation for single CSI process with codebook enhancement

-
e.g., CSI calculation for single CSI process with dependency among K CSI-RS resource in Class B FD-MIMO

-
e.g., Support of the CSI for advanced receivers

-
Enhancement to channel/interference measurements

-
e.g., interference measurements based on NZP CSI-RS 

-
e.g., aperiodic CSI-IM

-
e.g., measurement restriction in the frequency domain


In this contribution we provide more detailed description for some of the above enhancements.

2 Discussion 
Interference measurement enhancements for CSI feedback 

In Rel-11 CoMP work item the concept of multiple CSI processes was introduced. The CSI process is defined as combination of the NZP CSI-RS resource that should be used for the channel measurements and CSI-IM resource that should be used for interference measurements. UE configured with CSI process should provide the CSI feedback using the channel and interference measurements. 
In principle the existing CSI feedback framework with multiple CSI processes at some extend can be used to support CS/CB CoMP. More specifically, UE may be configured with two or more CSI processes for CSI feedback, where each CSI process may be associated with NZP CSI-RS resource corresponding to the neighbouring TPs. In this case the PMI (CRI/PMI) calculated by the UE for the CSI process corresponding to the interfering TP conveys some directional channel state information about interfering link. On the other hand, CQI report calculated by the UE for the same CSI process corresponds to the non-serving link and doesn’t quantify the expected link quality of the channel when certain beam is used on the neighbouring TP. The possible approaches of CQI reconstructions for the serving link doesn’t provide sufficient accuracy especially for the rank above 1.  The issue is illustrated in more details in Figure 1, where two coordinating TPs are shown. In the considered example UE is configured with two CSI processes where each process is associated with multiple NZP CSI-RS resources corresponding to different vertical beams. The CQI reported by the UE for the interfering link will reflect the link quality of the interfering link, but not the link corresponding to the serving TP. Therefore, some approaches to enhanced CQI reporting for CS/CB should be considered. 
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Figure 1: Illustration of CQI calculation issue for CS/CB CoMP
More specifically, the NZP CSI-RS resources corresponding to interfering link may be used as interfering sources for CQI calculation corresponding to serving link. In this case, the CQI reported by the UE would reflect the expected link quality of the channel under different interfering beamforming hypothesis.
From UE implementation perspective the large number of CSI-IM is not desirable from the on-chip memory savings consideration. In addition the support of large number of CSI-IM may require introduction of large number of ZP CSI-RS resource that would result into the high system overhead. To reduce the system overhead, aperiodic CSI-IM transmission or measurement restriction in the frequency domain should be considered. 

Enhancements for non-ideal backhaul link

In Rel-12 inter-eNB CoMP work item the X2 interface signalling for CQI and RI information corresponding to interfering links were introduced. The CQI and RI information is used to indicate the expected interference level from the neighbouring cells to assist CS operations. For FD-MIMO scenarios with non-ideal backhaul a similar enhancement may be also considered for CS/CB schemes. More specially, during Rel-13 FD-MIMO study item, it has been found that the vertical beamforming may have noticeable impact on the system performance due to inter TP interference. More specifically, depending on the antenna height and the deployment scenario the vertical beamforming at the TP with the elevations angles close-to-horizon may create server interference to the neighbouring cells. To provide interference information for different elevation beamforming on the neighbouring TPs, the CQI reporting for different CRI/PMI indices of the neighbouring TPs may be considered. Such information may be exchanged over X2 between the neighbouring eNBs to assist the beamforming restriction configurations (e.g. selection of Pc for NZP CSI-RS).

NZP CSI-RS interference cancellation
The reliable channel measurements on NZP CSI-RS resource transmitted by the neighbouring TPs is essential requirement for CoMP operation. In conventional COMP systems the reliable reception of NZP CSI-RS is achieved by configuring ZP CSI-RS resources on the serving TP that overlaps with NZP CSI-RS resource transmission on the neighbouring TP. For FD-MIMO scenarios with large number of antenna ports the overhead due to such NZP CSI-RS transmissions (especially for dense deployment scenarios) can be relatively large, that can potentially offset the gains provided by TP coordination. Therefore, more efficient approaches of NZP CSI-RS resource transmission should be considered. For example, the NZP CSI-RS resources on the neighbouring and serving TPs may be configured to be colliding with each other. In this case by using CSI-RS IC receiver at the UE with some network signalling assistance, it is possible to improve reliability of the channel estimation on NZP CSI-RS without introducing ZP CSI-RS resources. Therefore, the corresponding enhancements should be also considered for CS/CB CoMP.

3 Text proposal for TR 36.741

	6.2.x Interference measurement enhancements for CSI feedback  

This category comprises schemes where interference measurements for CS/CB are enhanced by taking into account multiple interference hypotheses due to beamforming coordination. These schemes are targeted to enhance accuracy of interference measurements and reduce the overhead of measurement resources.  For example, interference measurement based on NZP-CSI- or Aperiodic CSI-IM with interference measurement restriction in the frequency domain can be considered. 
6.2.y Enhancements related to coordination information between eNBs/TPs

This category comprises schemes where the additional information is shared among eNBs/TPs within coordinating set via X2 interface. These schemes are targeted to enhance the performance of CS/CB with non-ideal backhaul condition. Potential specification enhancements may include exchange of the spatial information across eNBs/TPs using X2 protocol, e.g. CRI, PMI and RI to assist CB/CS with FD-MIMO.   
6.2.z Enhancements related to reference signals
This category comprises schemes where reference signals are enhanced to support CS/CB.  These schemes are targeted to enhance the accuracy of RS based channel and interference measurement or reduce the RS overhead.  For example, colliding CSI-RS resources with IC receiver can be used to reduce CSI-RS overhead.  To reduce the overhead of CSI-RS resource while maintaining measurement accuracy, CSI-RS IC receiver can be introduced to cancel interference caused by CSI-RS multiplexing from different TPs on the same resources.


Summary
In this contribution we provide more detailed description for CS/CB for FD-MIMO enhancements. Text proposal for the proposed enhancement for inclusion in TR 36.741 is also provided.

References
[1] Chairman’s notes, 3GPP TSG RAN WG1 Meeting #87, Reno, USA 14th – 18th November 2016.
PAGE  
1/3

Serving TP
Neighboring TP
1st CSI process
2nd CSI process
NZP1
NZP2
NZP3
NZP4
NZP5
NZP6
NZP7
NZP8
NZP1
NZP2
NZP3
NZP4
NZP5
NZP6
NZP7
NZP8
serving
interfering



