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1. Introduction
At the RAN#71 meeting, a new work item [1] of Enhancements on Full-Dimension (FD) MIMO (eFD-MIMO) for LTE was approved. One of the objectives defined in the work item is to specify enhancements for the reference signals for beamformed CSI-RS. In RAN1#85 meeting, the following agreements on CSI-RS overhead reduction was made:
	Agreement:
· 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: For Class B eMIMO-Type, the following CSI-RS resource configuration mechanism is supported 

· A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process

· Each NZP CSI-RS resource can be either periodic or, aperiodic CSI-RS resource (if scheme 1 is supported)

· Details of the activation/release trigger (including the set of NZP CSI-RS resource configuration parameters) are FFS

· For an activation trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will start no earlier than subframe n+X where X>0

· For a release trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will stop after subframe n+Y where Y>0

· FFS the impact of multi-shot configuration, if supported

· FFS whether or not there are any significant issues regarding the potential misalignment about activation and/or release between eNB and UE, and if so, how to address them

· FFS whether or not to further enhance rate matching for PDSCH, particularly whether or not aperiodic NZP CSI-RS will not have impact on PDSCH RE mapping

· FFS the QCL details

· Down-selection between scheme 1 and scheme 2 (if any) to be discussed in RAN1#86


In this contribution we present our views on further enhancement of beamformed (BF) CSI-RS to achieve efficient CSI-RS transmission.
2. Time Domain CSI-RS configuration

2.1. Efficient CSI-RS Resource Reusing for Class B eMIMO-type

For scheme 1, new aperiodic CSI-RS resource allocation/configuration without subframe_config is defined. In some use cases, periodic BF CSI-RS with subframe_config requires unnecessary overhead as there is no CSI-RS to transmit while the CSI-RS resource is still reserved. So the aperiodic CSI-RS can be recognized as the on demand CSI-RS, and the REs can be reused for PDSCH transmission when CSI-RS is not multiplexed. However, this is valid only in the case that backward compatibility is not considered. In the case that Rel. 13 and Rel. 14 UEs coexist, CSI-RS resources are supposed to be configured in a periodic manner for Rel.13 UEs, and they do not know which subframe would contain aperiodic CSI-RS resource triggered for Rel.14 UEs. CSI-RS resources can be reserved in a periodic manner with the aperiodic CSI trigger. In this way, if Rel. 13 UEs and Rel. 14 UEs coexist, the periodicity for CSI-RS resource configuration can be set to 5ms, the REs is always reserved as CSI-RS resource for the Rel. 13 UEs, while the REs can be supposed to transmit PDSCH for Rel.14 UEs. Measurement restriction can be used for Rel.13 UEs to avoid erroneous measurement when Rel.14 UEs are transmitting PDSCH. In this way, we can improve the efficiency of CSI-RS resource by sharing the resource between Rel. 14 and Rel. 13 UEs. When there are only Rel. 14 UEs, the periodicity for CSI-RS resource configuration shall be small to achieve better performance. Therefore, with the consideration of backward compatibility for Rel.13 UEs, we have following proposals:

Proposal 1: Aperiodic CSI-RS resource should be reserved in periodic manner for backward compatibility.

· The minimum periodicity for CSI-RS resource reservation can be 1ms.
3. Other Aspects
Two schemes of aperiodic CSI-RS and dynamic triggered CSI-RS were agreed in last meeting. Main differences between them lie in the triggering scheme, and the UE measurement behavior. In the following section, we discuss and compare these two schemes from these aspects. Finally, we discuss some other issues that are related to both schemes. Scheme 1 has a little bit advantage in DCI overhead as it reused the CSI request to trigger the CSI-RS. However, there are still some issues need to be solved for scheme 1, for example, the backward compatibility and less CSI processing time. We proposed that the CSI-RS resource should be reserved in periodic to improve the CSI-RS resource efficiency and we will introduce our views from the following three aspects.
3.1. DCI Signaling Overhead
One difference between scheme 1 and scheme 2 is the CSI measurement/report triggering scheme.
In scheme 1, CSI-RS transmission is indicated by UL-related DCI transmitted on a control channel with a CSI request field. There is no additional information to be transmitted. So the same UL grant based triggering scheme can be reused for triggering CSI-RS transmission, without additional overhead. In scheme 2, UL grant triggering CSI feedback can’t be reused for triggering CSI-RS transmission, additional bits are still needed to indicate the activation/release of the CSI-RS. 

Observation 1: Scheme 1 has an advantage in DCI signaling overhead. 
3.2. UE Measurement Behavior
For scheme 1, CSI-RS transmission is in the same DL subframe as the associated UL-related DCI. One concern is that aperiodic CSI-RS transmission would lead to less CSI processing time since UE needs to firstly decode PDCCH to determine the presence of CSI-RS. This will introduce significant change to the UE implementation of CSI-RS measurement. If the CSI-RS resource is periodic reserved, UE may have more flexibility to process the CSI-RS, including using the legacy CSI-RS measurement implementations. 
3.3. Number of CSI-RS resource for Aperiodic CSI-RS

With multiple schemes, e.g., measurement restriction, dynamic triggering, different UEs can share a same CSI-RS resource in the time domain. However, when active UE number increases, time domain multiplexing within a single CSI-RS resource may not be sufficiently efficient. Therefore, multiple NZP CSI-RS resources, i.e., RE locations, should be supported in aperiodic CSI-RS. And it shall be further studied how to dynamically trigger different CSI-RS resources for measurement and feedback.
Proposal 2: Multiple NZP CSI-RS resource should be supported in aperiodic CSI-RS.
4. Conclusion
In this contribution, we presented our views on CSI-RS enhancement for beamformed CSI-RS. We observed and proposed following.
Observation 1: Scheme 1 has an advantage in DCI signaling overhead. 
Proposal 1: Aperiodic CSI-RS resource should be reserved in periodic manner for backward compatibility.

· The minimum periodicity for CSI-RS resource reservation can be 1ms.
Proposal 2: Multiple NZP CSI-RS resource should be supported in aperiodic CSI-RS.

References
[1] 3GPP, R1-162969, NTT DOCOMO, “Discussion on Aperiodic CSI-RS”, April, 2016.
[2] 3GPP, R1-165200, NTT DOCOMO, “UE-Specific Aperiodic CSI-RS with Semi-Static Resource Reservation”, May, 2016
- 3/3 -

