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1 Introduction
In 3GPP RAN1#85, the following agreements were made for enhancements on beamformed CSI-RS for eFD-MIMO [1]:
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 further discuss the possible two enhanced schemes for reducing the overhead for beamformed CSI-RS for eFD-MIMO.
2 Discussion
Aperiodic CSI-RS by scheme 1 can be utilized to improve CSI-RS resource utilization efficiency and reduce the beamformed CSI-RS overhead as discussed in [2]. However, a couple of issues were also identified. Firstly, it does not support backward compatibility. Since aperiodic CSI-RS transmission can be in any DL subframe not restricted to a 5ms grid, it cannot be known by a legacy UE. Puncturing will be applied to PDSCH when legacy UE is scheduled in the same subframe as aperiodic CSI-RS. There could be serious performance loss for puncturing when there are multiple dynamic CSI-RS resources in the subframe. 
The second concern is the increase of CSI measurement complexity for supporting aperiodic CSI-RS. Since aperiodic CSI-RS transmission is dynamically indicated by UL grant, the UE needs to firstly decode PDCCH or EPDCCH to determine the existence of dynamic aperiodic CSI-RS trigger/configuration. To compensate the reduced CSI processing time due to additional PDCCH or EPDCCH decoding, UE is required to buffer the potential tones for CSI-RS transmission and perform the measurement until the aperiodic CSI-RS trigger is decoded. It shall be noted that this would significantly increase CSI measurement complexity when there are multiple aperiodic CSI-RS resources such as in CA. 

The third is that aperiodic CSI-RS may not be applied in some scenarios, such as CoMP with multiple CSI processes for which CSI relaxation is applied with minimum 5ms processing time. For aperiodic CSI-RS, the CSI reference resource is in the same subframe as the A-CSI triggering subframe. Therefore, aperiodic CSI-RS cannot be used for CoMP with multiple CSI processes for which the CSI reference resource is prior to the A-CSI triggering subframe. Another example is EPDCCH subframes for which the puncturing for aperiodic CSI-RS will seriously degrade EPDCCH performance.
Last but not least, scheme 1 is only used for PUSCH based aperiodic CSI reporting. There could be a need to configure another periodic CSI-RS for periodic CSI reporting. This would increase UE complexity for CSI measurement, especially when both periodic CSI-RS and aperiodic CSI-RS are presented in the same subframe. 

Observation 1: A lots of issues are observed for aperiodic CSI-RS, such as backward compatibility, increase of CSI complexity and the restriction for the applied scenarios etc.

Scheme 2 proposes a mechanism for dynamic activation/deactivation of CSI-RS transmission. Compared to scheme 1, the CSI-RS transmission is not one-shot but multi-shot using a preconfigured semi-persistent CSI-RS resource. The transmission is based on a dynamic trigger command which may select one semi-persistent CSI-RS resources from the preconfigured CSI-RS resource pool. Multiple CSI-RS resource configurations in the pool may have different configuration of number of CSI-RS ports, time/frequency locations, etc. The CSI-RS resource pool can be shared by multiple UEs and the CSI-RS resource utilization efficiency is thus improved by dynamically activating different CSI-RS resources for the UE based on the activity level and possible collision. In other words, the CSI-RS resource is dynamically shared among multiple UEs with a maximum resource utilization. Each of scheme 1 and scheme 2 may have a different level on controlling the CSI-RS overhead. Scheme 1 is on the subframe level, and scheme 2 is on a relatively longer periodicity. 
The potential issues with scheme 1 are not applied to scheme 2. For example, the semi-persistent CSI-RS by scheme 2 can be known a legacy UE since the CSI-RS transmission is still on a 5ms time grid. UE processing time for the semi-persistent CSI-RS can be same as the legacy if the activation command is sent before the A-CSI triggering subframe. Therefore there is no increase on CSI measurement complexity for the semi-persistent CSI-RS by scheme 2. It shall be also noted that scheme 2 can also be utilized to improve power efficiency and reduce eNB power consumption by dynamically reconfiguring CSI-RS parameters such as number of antenna ports and transmission periodicity as shown in Figure 1. 
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Figure 1. Example of semi-persistent CSI-RS transmission by scheme 2

Observation 2: The semi-persistent CSI-RS transmission by scheme 2 has the benefits not supported by scheme 1.

Not only semi-persistent CSI-RS but also aperiodic CSI-RS can be supported by scheme 2 since the activated CSI-RS resource can be either periodic or aperiodic. Therefore scheme 2 can provide sufficient flexibility for controlling CSI-RS overhead. If an aperiodic CSI-RS is activated then the subframe level control of CSI-RS overhead is applied. The eNB could dynamically trigger the aperiodic CSI-RS in any DL subframe for fast control of TDM based resource sharing among multiple UEs. And the activation of semi-persistent CSI-RS can be utilized in the scenario where the aperiodic CSI-RS cannot be applied such as EPDCCH subframes.
Observation 3: Scheme 2 supports both semi-persistent CSI-RS and aperiodic CSI-RS which can be complementary for providing different level control flexibility to reduce CSI-RS overhead.

Proposal 1: Support both scheme 1 and 2 for enhancements on beamformed CSI-RS.

For scheme 1, the potential specification enhancement is the signaling design for triggering the aperiodic CSI-RS. We prefer to reuse the existing A-CSI trigger in the UL DCI format to trigger both the presence of aperiodic CSI-RS and A-CSI reporting. The triggering is only for indicating the transmission of aperiodic CSI-RS, e.g., basic ON/OFF operation. And dynamic changing NZP CSI-RS transmission parameter by selecting one of multiple aperiodic CSI-RS from the resource pool is not supported in order to avoid complex signaling design and adding new field to the DCI format. The control channel for triggering can be PDCCH, and we prefer not to use EPDCCH since EPDCCH will be punctured around all the aperiodic CSI-RS resources which will degrade the performance. Additionally, there is an increase on CSI measurement complexity due to additional buffering for potential CSI-RS tones. However, if EPDCCH is used for triggering aperiodic CSI-RS then UE processing relaxation shall be considered, such as CSI processing relaxation. Another issue for signaling design is the number of bits for the CSI request field, e.g., whether to support aperiodic CSI-RS for DL CA and CoMP. According to the specification, up to 32 CCs can be configured. If aperiodic CSI-RS are configured for all the CCs there is significant increase on CSI measurement complexity as discussed in [3]. Therefore, we prefer not to support DL CA. However if supported then CSI relaxation shall be considered for aperiodic CSI-RS for DL CA. 
Proposal 2: The triggering of aperiodic CSI-RS can be based the existing UL DCI format. UE processing relaxation shall be considered to alleviate the computational complexity for supporting aperiodic CSI-RS.
Regarding the FFS “details of the activation/release trigger (including the set of NZP CSI-RS resource configuration parameters)” for scheme 2, we think both L1 signaling and MAC CE based L2 signaling can be considered. The difference is signaling delay. For L1 signaling the delay can be minimum one subframe, and for L2 signaling the delay is at least 4 subframes. For scheme 2, as discussed before, the activation/release trigger would be able to select one or multiple aperiodic CSI-RS resources from the preconfigured resource pool. Therefore, 1-bit triggering may not be sufficient. If more bits are required for triggering we slightly prefer to use the MAC CE based activation/release similar to the existing SCELL activation for DL CA. However, L1 signaling based activation/release shall not be precluded. 

Proposal 3: Both L1 signaling and L2 signaling can be considered for the activation/release triggering for scheme 2. 

For both scheme 1 and 2, rate matching enhancements for PDSCH and EDPCCH shall be supported to allow reusing the unused CSI-RS resources for data transmission. According to last RAN1 meeting discussion there are at least two approaches for rate matching enhancements. The first is to reuse the existing flexible PDSCH RE mapping supported in Rel-11 CoMP, e.g., based on PQI state. Potential enhancements are to increase the number of ZP CSI-RS configurations to accommodate a larger number of dynamic CSI-RS resources and extend the flexible PDSCH RE mapping also to TM9. The second option to use the aperiodic CSI-RS indication message in UL grant which can be interpreted as dynamic ZP-CSI-RS indication for those UEs to perform PDSCH rate matching around the indicated resources. Option 2 is not preferred since it may introduce unnecessary coupling between UL and DL grants. Since the UE being asked for CSI feedback may be different from the UE being scheduled for PDSCH, the rate matching enhancement shall support both types of UEs. However, option 2 optimizes a special case where UL and DL grants are going to the same UE. Therefore we prefer to support option 1 for rate matching enhancement. 
Proposal 4: Reuse or enhance the existing flexible PDSCH RE mapping for PDSCH rate matching around dynamic CSI-RS resources. 

Proposal 5: Rate matching enhancements shall also be applied to TM 1-9. 

3 Conclusions
In summary, we discuss the potential enhancements on UE specific beamformed CSI-RS to improve efficiency of resource utilization for eFD-MIMO. We have the following observations:

Observation 1: A lots of issues are observed for aperiodic CSI-RS, such as backward compatibility, increase of CSI complexity and the restriction for the applied scenarios etc.

Observation 2: The semi-persistent CSI-RS transmission by scheme 2 has the benefits not supported by scheme 1.

Observation 3: Scheme 2 supports both semi-persistent CSI-RS and aperiodic CSI-RS which can be complementary for providing different level control flexibility to reduce CSI-RS overhead.

Based on the above observations we propose

Proposal 1: Support both scheme 1 and 2 for enhancements on beamformed CSI-RS.

Proposal 2: The triggering of aperiodic CSI-RS can be based the existing UL DCI format. UE processing relaxation shall be considered to alleviate the computational complexity for supporting aperiodic CSI-RS.

Proposal 3: Both L1 signaling and L2 signaling can be considered for the activation/release triggering for scheme 2. 

Proposal 4: Reuse or enhance the existing flexible PDSCH RE mapping for PDSCH rate matching around dynamic CSI-RS resources. 

Proposal 5: Rate matching enhancements shall also be applied to TM 1-9. 
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