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The following agreement on aperiodic CSI-RS was made in RAN1#85 [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



This contribution focuses on how to resolve the highlighted FFS points in order to reach the 90-95% completion target in [2]. 

Aperiodic CSI-RS: joint operation of scheme 1 and 2
UE-specific beamformed (BF) CSI-RS (realized through CLASS B eMIMO-Type with K=1) is beneficial in reducing the number of CSI-RS ports a UE needs to measure and at the same time increasing CSI-RS penetration (due to UE-specific beamforming gain). However, the total amount of CSI-RS overhead per cell increases with the number of serviced UEs. This increase in overhead is primarily caused by the semi-static and periodic CSI-RS resource allocation per UE. It is expected that such total/cumulative CSI-RS overhead exceeds that of non-precoded (NP) CSI-RS when the number of UEs is sufficiently large.
To circumvent this drawback, two aspects of CSI-RS resource allocation can be enhanced:
1. CSI-RS resource pool: This is addressed by increasing the amount of CSI-RS resources (hence the number of possible CSI-RS resource configurations) through enhancing the definition of CSI-RS resource.
2. CSI-RS resource reuse: This is related to the number of UEs which can share a given CSI-RS resource (or resource configuration) – or more generally, the number of UEs which can share a CSI-RS resource pool. This can be addressed by a more dynamic (or less semi-static) CSI-RS resource allocation.  



[bookmark: _Ref447037018]Figure 1 Aperiodic CSI-RS operation from eNB perspective: joint operation of scheme 1 and 2

[bookmark: _GoBack]To jointly address the above two problems, we propose the following procedure which jointly utilizes the agreed scheme 1 and scheme 2 as follows:
· Per the agreement, a new aperiodic CSI-RS (Ap-CSI-RS) resource configuration is defined without Subframe_config which is applicable only for CLASS B eMIMO-Type. This new Ap-CSI-RS resource is defined with the following ‘resource parameters’: 
· PC
· Number of ports  (antennaPortsCount in [3])
· T-F (time-frequency) pattern (5-bit resourceConfig in [3], CSI Reference Signal Configuration in [4])
· Port index subset . 
· “Two-step” CSI-RS resource configuration: The above four parameters 
· Step 1 – Semi-static (via RRC signalling) resource configuration: 
· A new CSI-RS resource configuration IE for Ap-CSI-RS (distinct/separate from Rel.13 periodic CSI-RS resource configuration) is defined. 
· This new configuration allocates  resources ( to be decided) where each resource is parametrized in terms of the four resource parameters. To illustrate, if  is decided to be 8 (analogous to the maximum number of CSI-RS resources for CLASS B), Pc=3, , T-F = {0,2,9,10,16,17,24,25}, Port index={{15,16,17,18}} is an example of a Step 1 resource configuration for a UE.    
· Step 2 – Semi-persistent (via activation/deactivation) resource configuration:
· Out of the  resources configured in Step 1,  resources are further down selected for the UE in Step 2 using Scheme 2. For instance, if  is decided to be 8,  can be decided to be 2. In this case, a 5-bit (or in general -bit) payload is needed to select 2 out of 8 combinations.
· This resource down-selection can be signalled either using UL/DL grants (analogous to SPS) or MAC CE (RAN1 to decide in RAN1#86). Consequently, the values of X and Y are determined by the existing procedure of the selected signalling mechanism. 
· Given the latest Ap-CSI-RS resource configuration (Step 1 + Step 2), the UE is scheduled to receive an Ap-CSI-RS via an UL grant which carries a CSI request field. 
· Since the scheduled Ap-CSI-RS occurs in the same subframe as the UL grant (as agreed), no additional bit is needed to indicate the location of Ap-CSI-RS. 
· However, the UL-related DCI needs to include an additional field which indicates CSI-RS resource selection (1 out of ) – thus the need for a –bit field. This field is present (in DCI format 0 or 4) only when the UE is configured with aperiodic CSI-RS. 

Since both schemes 1 and 2 are used for aperiodic CSI-RS, there is no need for down-selection. The two schemes are in fact parts of the aperiodic CSI-RS feature for Rel.14 eFD-MIMO.

Proposal: Specify the support for the above two-step CSI-RS resource configuration (semi-static followed by semi-persistent) and Ap-CSI-RS scheduling mechanism:
· Agree on the values of  and 
· Agree on the signalling mechanism for Step 2 (-bit signalling for resource down-selection): UL/DL grant vs. MAC CE (to be decided in RAN1#86)
· The values of X and Y are in accordance to the existing procedure for the selected mechanism 
· When a UE is configured with Ap-CSI-RS, UL-related DCI (format 0 and 4) carries an additional -bit DCI field to select 1 out of  resources) 

[bookmark: _Ref446598642]Conclusions
In this contribution, we present our proposal to resolve the FFS points identified in RAN1#85 for aperiodic CSI-RS (Ap-CSI-RS). Our proposal can be summarized as follows:
· Specify the support for the above two-step CSI-RS resource configuration (semi-static followed by semi-persistent) and Ap-CSI-RS scheduling mechanism:
· Agree on the values of  and 
· Agree on the signalling mechanism for Step 2 (-bit signalling for resource down-selection): vs. MAC CE (to be decided in RAN1#86)
· The values of X and Y are in accordance to the existing procedure for the selected mechanism 
· When a UE is configured with Ap-CSI-RS, UL-related DCI carries an additional -bit DCI field to select 1 out of  resources) 
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