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1. Introduction
Beamformed (BF) CSI-RS is an important feature introduced in LTE R13, which enables the use of large antenna array in LTE system without the need to define complicated codebook per antenna array type as required by non-precoded (NP) CSI-RS. By using a group of micro beams towards UE, UE specific BF CSI-RS can achieve high CSI measurement quality and high RS efficiency when the number of active UEs is small. However, for a large number of active UEs, the CSI-RS overhead is one of the major issues for UE specific BF CSI-RS. 
In RAN1 #86, aperiodic CSI-RS, multi-shot CSI-RS with activation/release and frequency domain overhead reduction have been accepted as enhanced solutions for BF CSI-RS. The agreement can be summarized briefly as follows:
Aperiodic CSI-RS

· Two-step NZP CSI-RS resource configuration:

· Step 1. RRC configuration with a newly defined Aperiodic CSI-RS-Resource-Config IE
· Configure a UE with K = {1, 2, .., 8} CSI-RS resources

· Step 2. Activation/release mechanism
· Activate N out of K CSI-RS resources per CSI process

· One out of N CSI-RS resources is selected via the UL-related DCI

· A UL grant carries a CSI request and indicates transmission of one CSI-RS resource

· A CSI request is for one CSI-RS resource per CSI process 

· Only PUSCH based A-CSI reporting is supported

· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
Major FFS issues: the solution for signaling of activation, DCI signaling for resource indication, the value of N, CSI process relaxation
“Multi-shot” CSI-RS

· Two-step NZP CSI-RS resource configuration:

· Step 1. RRC configuration with a Rel-13 periodic CSI-RS-Resource-Config IE
· Configure a UE with K = {1, 2, .., 8} CSI-RS resources

· Step 2. Activation/release mechanism

· Activate N out of K CSI-RS resources per CSI process

· CSI reporting

· N=1: CQI/PMI/RI is reported

· N>1: CRI (=0,1, …, N – 1) is reported along with CQI/PMI/RI associated with the reported CRI value
Major FFS issues: the solution of signaling of activation/release
Overhead reduction for Class B – both for periodic and aperiodic CSI-RS

· Support CSI-RS frequency-domain density reduction for Class B

· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs

· N = 1 (existing CSI-RS design), 2, and >2

FFS: Exact mechanism
Solution for the aperiodic ZP CSI-RS resource indication for rate matching 
Decide the need for QCL indication on DMRS to aperiodic and/or multi-shot CSI-RS NZP CSIRS and detailed solution, if needed
There are some remaining details on these solutions required to be clarified. In addition, the detailed solutions for the relevant issues such as PDSCH rate matching and QCL should also be finalized. In this contribution, we will present our views on these issues.

2 Dynamic CSI-RS Transmission
Dynamic CSI-RS transmission is a promising enhancement introduced in LTE R14 by transmitting the CSI-RS on demand for specific UE. In general, there are two main categories for dynamic CSI-RS transmission, which was agreed by 3GPP, i.e. aperiodic CSI-RS and multi-shot CSI-RS with activation/release.
· Scheme 1: Aperiodic CSI-RS
In this scheme, one-shot CSI-RS is transmitted on the same subframe as the trigger in DCI and, therefore, only A-CSI reporting is needed for aperiodic CSI-RS. For CSI process configured with A-CSI-RS, once receiving the trigger of CSI reporting in the subframe n, the UE has to measure CSI on indicated A-CSI-RS resource(s) in the same subframe and report CSI in the subframe n+k. Thus, the CSI request field in UL grant can be also used as the indication of A-CSI-RS transmission. 

As in the agreement in RAN1 #86, only one A-CSI-RS resource without subframe_config parameter per CSI process is allowed to be triggered for aperiodic CSI transmission and corresponding measurement. To indicate the resource configuration, there are three major steps: (1) configure a CSI-RS resource pool composed of K = {1, 2, …, 8} resources per CSI process via RRC signaling; (2) in this middle step, N out of these K resources is down selected (or called as activation as in the agreement) for each process; (3) finally, 1 out of N resources is indicated by the UL related DCI.
The motivation behind such a multi-step mechanism is to reduce the DCI signaling overhead in the last step. Compared with fully dynamic resource indication in the last step, the step (2) is somewhat of a semi-persistent resource down selection, which usually is updated slower than DCI but faster than RRC reconfiguration. Such a mechanism may reduce the overhead of DCI signaling, which is transmitted most frequently, at the expense of flexibility of resource configuration. To indicate the resource down selection in step (2), we slightly prefer to use MAC CE, since it is usually transmitted with a moderate frequency between RRC and DCI.  
For the resource indication in step (3), we prefer to use existing CSI request field and jointly encode the indications of CSI-RS resource, CSI process and CC. The down selection step is to ensure the balance between dynamic resource allocation and reasonable signaling overhead. Therefore, there should be a limitation on the size of final resource pool after down selection, i.e., the maximal number of N, should be relatively small. Our preference is that Nmax = 1 or 2 which can be sufficient with balanced flexibility and DCI signaling overhead. 
Proposal 1: For aperiodic CSI-RS resource configuration, we slightly prefer to use MAC CE for resource down selection and to use existing CSI request field by joint encoding CSI-RS resource, CSI process and CC.
In contrast to the P-CSI-RS, the UE does not know the existence of A-CSI-RS until the trigger is received. This means that the UE cannot start calculating CSI before the decoding of CSI request, e.g., 1ms in case of ePDCCH. Therefore, assuming that the UE has the same capability with that in R13, latency budget may need to be slightly reconsidered to ensure enough CSI processing time for different values of Nmax. Since in RAN1 #86 agreement, only one resource out of Nmax is allowed to be triggered for A-CSI-RS, the main concern for latency budget now only comes from the delay of decoding the DCI message and specific configuration table of CSI request field. Some relaxation rules can be further discussed. 

· Scheme 2: multi-shot CSI-RS with activation/release
In this scheme, multi-shot CSI-RS is transmitted once eNB sends an activation trigger to UE. It can then be terminated once eNB sends a release trigger. Similarly, with scheme 1 K resources can be configured via RRC signalling but the difference is that these K resources are periodic in scheme 2 once they are active. A down selection of N out of K resources can be indicated whilst the multi-shot CSI-RS is activated. After that, these N CSI-RS resources should be measured and Class B CSI is reported accordingly following legacy rules until the release trigger is received. For the case of N > 1, the CRI should be reported to indicate the selected CSI resource by UE, based on which corresponding PMI/RI/CQI is reported. The activation/release of N resources can be signalled to UE using either UL related DCI or MAC CE. Similar with scheme 1, we slightly prefer to use MAC CE here, which is aligned with semi-persistent nature of activation/release.
3 Frequency Domain Density Reduction
It has been shown that the frequency selectivity of effective channel after beamforming decreases significantly if a higher beamforming gain is applied to the CSI-RS resource. This suggests that BF CSI-RS density can be reduced by some mechanisms, e.g., frequency domain decimation, to improve the efficiency of RS utilization with limited CSI-RS estimation degradation at frequency domain. Moreover, a reduced-size occupation of A-CSI-RS on frequency domain can facilitate the possibility to schedule legacy UEs only on those RBs unoccupied by A-CSI-RS. Then the PDSCH rating matching can be performed correctly for these legacy UEs without being affected by A-CSI-RS transmission. 
In RAN1 #86, it has been agreed to support frequency domain density reduction for both periodic and aperiodic CSI-RS. In particular, all antenna ports of a single CSI-RS resource configuration are allowed to be transmitted every N PRBs. If N = 1, this scheme then degrades into the existing CSI-RS pattern occupying whole system bandwidth. Once N > 1, the detailed decimation scheme should be determined. There are two alternatives here, i.e., all the antenna ports are placed in either same RB or different RBs. If CSI-RS ports are spread over multiple PRBs, some considerations are needed for different system bandwidths, mechanism of port spreading with specific codebook structure, the value of N etc. Therefore, by comparing these two methods we prefer the former one because the required specification effort is much smaller. Given any decimation value of N, only a comb ID is required in configuration when all ports remain in the same RB. Moreover, the performance of former method may be more robust since at least a full CSI of antenna ports collocated within a RB can be properly estimated without channel interpolation.  
Proposal 2: For density-reduced CSI-RS at frequency domain with the decimation order of N (N = 1, 2 or >2), all antenna ports per CSI-RS resource should be placed in the same RB.
4 PDSCH rate matching & QCL
When activating A-CSI-RS transmission for some specific UEs, R14 should allow other co-scheduled UEs to access the information of resource configuration of these UEs’ A-CSI-RS to perform PDSCH rate matching. Otherwise, PDSCH puncturing is needed at the expense of performance degradation for those co-scheduled UEs. Based on our understanding, all BF CSI-RS related features in R14 could be mainly applied in TM10, which is a simple but efficient way from the standards point of view. As a result, there is no need to define new mechanism as well as new DCI field for PDSCH rate matching. The ZP CSI-RS can be indicated dynamically by using the existing PQI field in DCI, which was introduced for TM10. Basically, all the potential resources of A-CSI-RS can be simply configured in ZP CSI-RSs and then indicated by PQI for rate matching. Alternatively, the number of PQI states can be increased to enable a PDSCH rate matching more flexibly for A-CSI-RS transmission. The current ZP CSI-RS indicated in PQI has subframe_config parameter. This means there is in fact a limitation on subframes used to transmit A-CSI-RS if considering the issue of PDSCH rate matching.
Proposal 3: Prefer to use the existing PQI states or increase the number of PQI states for TM10 for PDSCH rate matching.
For the QCL issue, our understanding is that the QCI indication with respect to a periodic CSI-RS in PQI can be assumed to be used by UE just like the legacy assumptions, regardless of whether aperiodic CSI-RS, multi-shot CSI-RS or periodic CSI-RS is actually used for acquiring QCL between CSI and DMRS in PDSCH transmission. However, one shot aperiodic CSI-RS resource or multi-shot CSI-RS with only a few transmission instances are not expected to be very helpful for UE to improve the quality of DMRS channel estimation with CoMP operation. One alternative is to leave it open as assistance information of QCL as UE implementation. It will mitigate required changes of specification.  But RAN4 may have to build some testing cases otherwise QCL between aperiodic CSI-RS and DMRS is a useless feature from network vendor perspective. 
5 Conclusion
In this contribution, we provide our views on the remaining issues for aperiodic CSI-RS and overhead reduction. In particular, we have following proposals:
Proposal 1: For aperiodic CSI-RS resource configuration, we slightly prefer to use MAC CE for resource down selection and to use existing CSI request field by joint encoding CSI-RS resource, CSI process and CC.

Proposal 2: For density-reduced CSI-RS at frequency domain with the decimation order of N (N = 1, 2 or >2), all antenna ports per CSI-RS resource should be placed in the same RB.

Proposal 3: Prefer to use the existing PQI states or increase the number of PQI states for TM10 for PDSCH rate matching.

