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1 Introduction

In RAN1 85 meeting, the following agreement was achieved to specify enhancements on reference signal for Class B eMIMO-Type in RAN1.

· Scheme 1: Aperiodic NZP CSI-RS resource is supported in Rel-14 for Class B eMIMO-Type, where

· Only PUSCH based A-CSI reporting is supported.

· A new aperiodic CSI-RS resource allocation/configuration is defined

· Without Subframe_config
· Aperiodic CSI-RS transmission instance is indicated by UL-related DCI transmitted on a control channel with a CSI request field：
· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI

· FFS whether or not the UE may not assume more than one aperiodic NZP CSI-RS resource. If more than one resource is allowed, FFS the signaling details

· FFS the number of bits for the CSI request field

· The control channel can be PDCCH or EPDCCH. FFS whether or not the case of EPDCCH can be precluded or with some restrictions/relaxations

· FFS whether or not periodic CSI-RS can be additionally configured
· Scheme 2: A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process
· Down-selection between scheme 1 and scheme 2 (if any) to be discussed in RAN1#86

In this contribution, the two schemes to improve utilization efficiency of beamformed CSI-RS are compared, and aperiodic NZP CSI-RS is proposed. The issues on the aperiodic CSI-RS design are also discussed. 
2 Discussion on beamformed CSI-RS
Both scheme 1 and scheme 2 in agreement from last meeting can support dynamic CSI-RS transmission for efficient resource utilization for beamformed CSI-RS. eNB configures CSI-RS resources for the UE in a cell through RRC signaling, and indicates the CSI-RS transmission through DCI. In this way, the DCI overhead can be reduced. However, there are some differences between those two schemes. 
· CSI-RS transmission flexibility
In scheme 1, eNB can trigger the aperiodic CSI-RS transmission in any desired subframe and UE will measure the CSI-RS and feedback corresponding CSI. The latency between CSI-RS triggering and CSI feedback is minimized. In scheme 2, since periodic CSI-RS resource is configured for UE following activation signalling, UE will wait for the nearest subframe of the CSI-RS resource for CSI measurement and subsequent CSI feedback. The delay may impact the accuracy of CSI-RS allocation and even worse the feedback may become useless since it may be out-of-date already due to the delay.
Observation 1: Scheme 1 allows more flexible CSI-RS transmission and lower latency of CSI feedback than scheme 2.
· DCI overhead

In scheme 1, one shot CSI-RS transmission is triggered by DCI. In scheme 2, after activation trigger is sent through DCI, the CSI-RS will transmit periodically until release trigger is sent. In our view, one shot CSI-RS transmission can satisfy CSI measurement in most cases. It is similar to measurement restriction in a subframe defined in Rel-13. And one shot CSI-RS transmission triggering can efficiently use CSI-RS resource as much as possible. For one shot CSI-RS trigger, scheme 2 needs additional DCI overhead for release trigger to stop the resource transmission. 
Observation 2: Scheme 2 will bring more DCI overhead than scheme 1 for one shot CSI-RS triggering.
· Misalignment handling
It is possible that DCI signaling is missed by a UE. In this case, misalignment between eNB and UE on CSI-RS transmission and CSI feedback will happen. In scheme 1, if CSI request trigger was missed by a UE, eNB will not receive the CSI feedback and may transmit the trigger in subsequent subframes. The misalignment will only have impact on one shot CSI-RS transmission. In scheme 2, if DCI for release trigger was missed, UE will continue with CSI measurement and reporting based on the released CSI-RS resource since the UE doesn’t know the CSI-RS resource was released. eNB will send the DCI for release trigger again until it finds the misalignment. On the other hand, misalignment also has impacts on PDSCH rate matching. In scheme 1, the impact on PDSCH rate matching is little, since misalignment will only affect one subframe. While in scheme 2, UE will perform rate matching in the subframes configured for CSI-RS transmission until DCI for release trigger is received successfully. 
Observation 3: Scheme 1 is more robust compared to scheme 2 when misalignment occurs.
Based on the observation analyzed above, scheme1 is more preferred.
Proposal 1: Scheme 1 should be specified for efficient utilization of CSI-RS in Rel-14. 

3 Details of Aperiodic CSI-RS
Aperiodic CSI-RS resource can be configured by eNB through RRC or DCI signaling. When this resource is configured by RRC for UE, it cannot be shared between UEs dynamically, which decreases the flexibility of resource utilization. On the other hand, the flexibility provided by DCI signalling may cost too much signaling overhead. A scheme with tradeoff between flexibility and signalling overhead can be considered.
eNB firstly predefines one semi static CSI-RS resource configuration. This predefined CSI-RS resource is constructed by M(M>1) CSI-RS resource subsets with less antenna ports. The M CSI-RS resource subsets are indexed and eNB can inform one of the M CSI-RS resource configurations to UE by DCI signaling. If two or more UEs are covered by the same beam, eNB can allocate the same CSI-RS resource to those UEs. Furthermore, the resource which is unused by CSI-RS can be used for PDSCH data. This mechanism enables flexible CSI-RS resource allocation and reuse among different UEs.
Proposal 2: eNB can dynamically indicate a subset of one predefined CSI-RS resource.   
It is natural to have aperiodic trigger signalling to indicate aperiodic CSI-RS transmission to UEs. As agreed in the last meeting, CSI-RS report is triggered aperiodically by UL-related DCI with CSI request field, which can indicate the CSI-RS transmission to UE simultaneously. That is, UE receives the CSI request trigger and CSI-RS transmission trigger related to this CSI request at the same time by decoding the trigger signalling. Since eNB predefines a CSI-RS resource to UE by RRC, the trigger can additionally activate the CSI-RS resource configured by eNB. So, the CSI request field is enough to trigger aperiodic CSI-RS transmission.
Proposal 3: The CSI request field can be reused to trigger aperiodic CSI-RS transmission. 

The triggering signalling can reuse the CSI request field and additional bits in DCI are needed for indicating the resource subset to UE. For example, eNB predefines a 8 port CSI-RS resource semi-static. If the actual configured CSI-RS port number is 4, DCI signalling will be additionally needed to indicate which one of the two 4 port CSI-RS resource is configured for UE. Furthermore, if the actual configured CSI-RS port number is 2, DCI signaling will also be needed to indicate which one of the four 2 port CSI-RS resource is configured. The index rather than configuration parameters will be transmitted to UEs. The DCI overhead used for resource subset indication is no more than 3 bits.
Proposal 4: At most 3 bits is needed to further indicate the configured CSI-RS resource in DCI.
In addition to aperiodic CSI-RS, periodic CSI-RS can be additionally configured. In hybrid CSI, a possible scenario is that in the first stage, UE needs to measure the channel quality and report CRI based on the CSI-RS resource configured by eNB. eNB can track beam and make determination of beamforming weight based on the feedback for the second stage. The beam tracking needs to be done by eNB periodically, therefore the periodic CSI-RS needs to be configured to save the DCI overhead to indicate the CSI-RS resource. Since the resource configuration is long period, the overhead of CSI-RS resource is small. So the periodic CSI-RS can be configured.
Proposal 5: Besides aperiodic CSI-RS, periodic CSI-RS can be additionally configured.
4 Conclusions
In this contribution, the implementation scheme of improving utilization efficiency of beamformed CSI-RS are discussed and analyzed. The analyses are focused on configuration and triggering methods of aperiodic CSI-RS. Based on the discussions, we have the following observations: 
Observation 1: Scheme 1 allows more flexible CSI-RS transmission and lower latency of CSI feedback than scheme 2.

Observation 2: Scheme 2 will bring more DCI overhead than scheme 1 for one shot CSI-RS triggering.
Observation 3: Scheme 1 is more robust compared to scheme 2 when misalignment occurs.

Based on the observation above, we have the proposal for aperiodic CSI-RS transmission.
Proposal 1: Scheme 1 should be specified for efficient utilization of CSI-RS in Rel-14. 

Proposal 2: eNB can dynamically indicate a subset of one predefined CSI-RS resource.    
Proposal 3: The CSI request field can be reused to trigger aperiodic CSI-RS transmission. 

Proposal 4: At most 3 bits is needed to further indicate the configured CSI-RS resource in DCI.
Proposal 5: Besides aperiodic CSI-RS, periodic CSI-RS can be additionally configured.
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