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Introduction
In RAN1#86, the following agreements were made with regards to aperiodic and multi-shot CSI-RS designs and a few details were left for further study.   
Agreement:
Aperiodic CSI-RS
· Two-step NZP CSI-RS resource configuration:
· Step 1. RRC configuration with a newly defined Aperiodic CSI-RS-Resource-Config IE
· Without Subframe_config
· 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
· Note: Activation refers to down selection of N out of K CSI-RS resources
· Once activated, a CSI resource remains activated until released
· FFS: Whether N is always equal to K or the case where K=N is not precluded
· If N is always equal to K, step 2 is bypassed
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)
· Alt1. Using UL grant(s)
· FFS: Support for cross-carrier activation/release
· Alt2. Using MAC CE
· Other alternatives are not precluded
· FFS the values of X and Y, max value of N (or the value of N), how to signal N
· 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 if N>1 aperiodic CSI-RS resources are activated for a CSI process for which the CSI is requested
· A CSI request is for one CSI-RS resource per CSI process 
· Choose one out of the following alternatives for indicating transmission of 1 out N CSI-RS resources (TBD in RAN1#86bis)
· Alt1. use code points from an existing DCI field to select 1 out N CSI-RS resources
· Alt2. Introduce additional bit(s) in DCI
· Note: The number DCI fields and number of code points for the combinations of CSI process, CC, and CSI-RS resource indication are FFS
· Only PUSCH based A-CSI reporting is supported
· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
· FFS: Whether to CSI reference resource definition needs to change when aperiodic CSI-RS is used or not
· Whether and, if needed, how to support CSI processing relaxation for aperiodic CSI-RS are TBD
· FFS: Possibility to support aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports.

“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
· Note: Activation refers to transmission of N CSI-RS resources 
· Once activated, a CSI resource remains activated until released
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)
· Alt1. Using UL grant(s)
· FFS: Support for cross-carrier activation/release
· Alt2. Using MAC CE
· Other alternatives are not precluded
· FFS the values of X and Y, max value of N (or the value of N), how to signal N 
· 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 


In this contribution, we present our views on the remaining details related to aperiodic and multi-shot CSI-RS.
Remaining Details of Aperiodic CSI-RS
Selection of One out of  CSI-RS Resources
For selecting one out of  CSI-RS resources in an aperiodic CSI request, the two alternatives identified were as follows:
· Alt 1: Use code points from an existing DCI field
· Alt 2: Introduce additional bits in DCI
Given that the number  of CSI-RS resources can be up to 8, this would require 3 additional bits to be added to the payload size of DCI formats 0 and 4.  Since the payload size of DCI formats 0 and 4 needs to be fixed for a given configuration of the cell, these additional 3 bits would be present for every uplink grant.  In addition, the DL-related DCI format 1A needs to have the same payload size as DCI format 0.  If the payload size of DCI format 0 is increased by the 3 additional bits, then DCI format 1A may need to be padded with additional bits to ensure the same payload size between DCI formats 0 and 1A.  Hence, the alternative of introducing additional bits to indicate one out of  CSI-RS resources results in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.

[bookmark: _Toc463052248]For aperiodic CSI-RS, introducing additional bits in DCI to select one out of  CSI-RS resources would result in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
With regards to using code points from an existing field in uplink-related DCI to indicate the selection of one out of  CSI-RS resources, two possible candidates are (1) the CSI Request Field and (2) the Cyclic Shift Field.
In the CSI Request field, the number of bits varies from 1-3 bits depending on factors such as the number of component carriers configured to the UE and whether multiple CSI processes are higher layer configured to the UE.  However, the number of bits required to indicate the selection of one out of  CSI-RS resources depends on the number  of CSI-RS resources configured to the UE and the number of resources activated (if activation is supported for aperiodic CSI-RS).  Hence, the number of bits required to select one out of  CSI-RS resources and the number of bits in the CSI Request field are not guaranteed to match.  Furthermore, even if the numbers match, each code point in the CSI Request field is used to trigger Aperiodic CSI on a set of CSI process(es), and/or {CSI process, CSI subframe set}-pair(s), and reusing these states reduces the number of cell or CSI process combinations that can be triggered.  Due to this coupling of CSI request field code points to specific set of CSI process(es), and/or {CSI process, CSI subframe set}-pair(s), each code point of the CSI Request field cannot be flexibly used to select a unique CSI-RS resource out of the  resources, and less CSI information for different cells and processes can be provided to the network. 

[bookmark: _Toc463052249]For aperiodic CSI-RS, reusing the code points of CSI Request field reduces the CSI that can be provided for different cells and/or CSI processes.


The Cyclic Shift field in uplink-related DCI has 3 bits and each code point in the field is used to indicate a cyclic shift parameter  and length-2 OCC code where  and  is the number of layers to be transmitted in the PUSCH scheduled by the uplink grant.  Since the maximum number of CSI-RS resources configured to a UE is , the 3-bit length of the Cyclic Shift field is a suitable candidate to select one out of the  CSI-RS resources.  If activation is supported for aperiodic CSI-RS (that is ), a 3-bit code point in the Cyclic Shift field can be mapped to one of the  CSI-RS resources via
,
where  is the decimal integer value of the 3-bit code point in the Cyclic Shift field, and  is an index associated with the  CSI-RS resource out of the  resources.  If activation is not supported for aperiodic CSI-RS, then  is replaced by  in the above equation.  Furthermore, when multiple UEs are scheduled in the uplink for MU-MIMO, then different code points of the Cyclic Shift field are used for each UE.  Hence, by associating each code point in the Cyclic Shift field to one of the   CSI-RS resources, multiple UEs can be triggered for Aperiodic CSI-RS transmission in the same subframe.  It should also be noted that using the 3-bit Cyclic Shift field to select one out of the  CSI-RS resources does not impact CSI request for different component carriers and/or CSI processes as these are indicated separately by the CSI Request field. 

[bookmark: _Toc463052250]For aperiodic CSI-RS, the code points of the Cyclic Shift field can be flexibly used to select one out of  CSI-RS resources without reducing the CSI that can be provided for different cells and/or CSI processes.
[bookmark: _Toc463032409][bookmark: _Toc462182638][bookmark: _Toc462182643][bookmark: _Toc462182663][bookmark: _Toc462182674][bookmark: _Toc462182710][bookmark: _Toc462182763][bookmark: _Toc462189461][bookmark: _Toc462189613][bookmark: _Toc462190349][bookmark: _Toc463031333][bookmark: _Toc463032410][bookmark: _Toc463052251]For Aperiodic CSI-RS transmission, use code points from the existing Cyclic Shift field in the UL related DCI to indicate transmission on one out of  CSI-RS resources.
Activation/Release Mechanism for Aperiodic CSI-RS
One key FFS that remains is whether  is always equal to , in which case the activation/release mechanism for aperiodic CSI-RS is bypassed.  In the agreements, it is noted that ‘Activation refers to down selection of  out of  CSI-RS resources’.  However, given that each UE is going to be triggered on only one resource for aperiodic CSI-RS and that the aperiodic CSI-RS transmission is single-shot, this intermediate step is not obvious.  One benefit may be to reduce the number of CSI-RS a UE needs to measure at lower loads to reduce its average CSI processing complexity, although the UE still needs to be able to measure all K resources when N=K is configured.  Furthermore, once a resource is activated, the UE can measure it and so there should be no delay in corresponding CSI reports.
[bookmark: _Toc462189462][bookmark: _Toc462189614][bookmark: _Toc462190350][bookmark: _Toc463031334][bookmark: _Toc463032411][bookmark: _Toc463052252]Set N<K for aperiodic CSI-RS transmission as a working assumption. 
Regarding the alternatives for activation, using MAC CE for activation/release allows multiple resources to be activated or deactivated, but requires eNB to use HARQ-ACK to determine if UE receives the activation.  Using DCI with a UL grant allows eNB to use the PUSCH transmission to verify that the UE received the activation, and given a CRC on PUSCH can be more reliable on a per-transmission basis than MAC CE.  Using DCI allows a CSI-RS to be activated more quickly than MAC CE, although only one at a time may be activated if DCI overhead is to be conserved.  However, the using MAC CE vs. DCI is a somewhat complex issue, and further discussion seems needed.    
[bookmark: _Toc463031335][bookmark: _Toc463032412][bookmark: _Toc463052253]Whether aperiodic CSI-RS is activated either by DCI or by MAC CE needs further study.
Triggering a Subset of Antenna Ports with 
To have the possibility to support aperiodic CSI-RS with  and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports, multiple CSI-RS resource subsets could be defined within a single CSI-RS resource with one of the subsets triggered via UL-related DCI carrying an A-CSI request.  For instance, four 2-port resource subsets could be defined within an 8-port CSI-RS resource and a UE could be triggered on one of the 2-port resource subsets via UL-related DCI.  However, such ‘fine-granularity’ measurement is already possible if  two-port resources are configured with CRI.  Furthermore, measurement restriction can be applied, allowing measurements of different beams or ports over time.  Hence, support for aperiodic CSI-RS with K=1 and triggering a subset of antenna ports needs further study.

[bookmark: _Toc462189463][bookmark: _Toc462189615][bookmark: _Toc462190351][bookmark: _Toc463031336][bookmark: _Toc463032413][bookmark: _Toc463052254]For Aperiodic CSI-RS transmission, support for triggering a subset of antenna ports needs further study.

[bookmark: _Toc463031338]Conclusions
In this contribution, we present our views on the remaining details related to aperiodic and multi-shot CSI-RS.  Based on the discussion, we made the following observations:
Observation 1	For aperiodic CSI-RS, introducing additional bits in DCI to select one out of  CSI-RS resources would result in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
Observation 2	For aperiodic CSI-RS, reusing the code points of CSI Request field reduces the CSI that can be provided for different cells and/or CSI processes.
Observation 3	For aperiodic CSI-RS, the code points of the Cyclic Shift field can be flexibly used to select one out of  CSI-RS resources without reducing the CSI that can be provided for different cells and/or CSI processes.

Based on the discussion in Sections 2-3, we propose the following:
Proposal 1	For Aperiodic CSI-RS transmission, use code points from the existing Cyclic Shift field in the UL related DCI to indicate transmission on one out of  CSI-RS resources.
Proposal 2	Set N<K for aperiodic CSI-RS transmission as a working assumption.
Proposal 3	Whether aperiodic CSI-RS is activated either by DCI or by MAC CE needs further study.
Proposal 4	For Aperiodic CSI-RS transmission, support for triggering a subset of antenna ports needs further study.
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