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1. Introduction

In RAN1#86 meeting, the following agreements are made on beamformed CSI-RS enhancements:
	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 

Overhead reduction for Class B – both for periodic and aperiodic CSI-RS

· Support CSI-RS frequency-domain density reduction for Class B

· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs

· N = 1 (existing CSI-RS design), 2, and >2

· FFS: Exact mechanism 
Agreement:

· A solution is to be selected from the following three alternatives for aperiodic ZP CSIRS resource indication (TBD RAN1#86bis)

· Alternative-1: Aperiodic ZP CSIRS, dynamically indicated by a new common DCI.

· The common DCI is monitored in common search space.

· Alternative-2: Aperiodic ZP CSIRS, aperiodic ZP CSI-RS resource signaling field is introduced in DL DCIs for all TMs.

· Alternative-3: Use the existing PQI states or increase the number of PQI states for TM10; no PDSCH RM solution for other TMs

· In this case, aperiodic ZP CSIRS resource is not defined

· Definition of Aperiodic ZP CSIRS:

· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 

· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config

· UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.

· Study the impact of collision between EPDCCH RE and aperiodic CSI-RS 

Agreement:

· Decide the need for QCL indication on DMRS to aperiodic and/or multi-shot CSI-RS NZP CSIRS (TBD RAN1#86bis)

· If needed, at least one solution is to be selected from the following alternatives (TBD RAN1#86bis)

· Alt 1: UE is not expected that aperiodic and/or multi-shot NZP CSIRS is indicated in PQI for QCL purpose with DMRS.

· Alt 2: aperiodic and/or multi-shot NZP CSIRS can be indicated in PQI for QCL purpose, and follow legacy QCL assumption

· Periodic NZP CSI-RS can also be indicated for QCL purpose




In this contribution, we discuss remaining details on beamformed CSI-RS for eFD-MIMO based on the above agreements.
2. Discussion 
Aperiodic CSI-RS
Regarding “FFS: Whether N is always equal to K or the case where K=N is not precluded”, our view is it should be allowed that N can be less than K, so that the field size in UL-related DCI to select one out of N CSI-RS resources can be sufficiently limited to a small number of bits, maintaining the control overhead at a reasonable level.

Regarding “Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)”, our preference is to use MAC CE signaling, similar to the existing L2-level activation/deactivation behavior in CA, achieving CSI-RS overhead control by activating N out of K in relatively longer interval than the UL-related DCI to select one out of N CSI-RS resources. Note this is not requiring an additional DCI field and is more reliable than L1 signaling since ACK/NACK can be fed back from UE so that eNB can have confirmation on changing the activation of N out of K.

Regarding “Choose one out of the following alternatives for indicating transmission of 1 out N CSI-RS resources (TBD in RAN1#86bis)”, we are open to both Alt1(using code points from an existing DCI field to select 1 out N CSI-RS resources) and Alt2(introducing additional  bit(s) in DCI), but slightly prefer more to Alt2 since it would be unclear which existing DCI field can be reused.

“Multi-shot” CSI-RS
Regarding “Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)”, our preference is to use MAC CE signaling for this “multi-shot” CSI-RS case as well, since this is not requiring an additional DCI field and is more reliable than L1 signaling since ACK/NACK can be fed back from UE so that eNB can have confirmation on changing the activation of N out of K.

Aperiodic ZP CSIRS resource indication
Regarding aperiodic ZP CSIRS resource indication, this enhancement on rate matching for PDSCH should be properly supported in order to obtain benefits from CSI-RS overhead saving by aperiodic CSI-RS and multi-shot CSI-RS. Note the current PDSCH RE mapping indication in TM10 is based on DCI signaling by PQI field, where dynamic ZP CSI-RS indication is provided for UE to follow which one of RRC-configured ZP CSI-RS resources is applied on the same subframe, on which the DCI is transmitted. To support enhanced rate matching for aperiodic CSI-RS and multi-shot CSI-RS for CSI-RS overhead control, the PQI field can be reused at least for TM10. In other words, PQI field indicates aperiodic ZP CSI-RS that UE use for rate matching at the subframe where PQI is signaled. UE may be able to distinguish periodic ZP CSI-RS and aperiodic ZP CSI-RS based on the existence of Subframe_config in ZP CSI-RS configuration. One issue on this approach is the number of aperiodic ZP CSI-RSs that can be dynamically indicated is limited to 4 due to 2 bit PQI field. If more aperiodic ZP CSI-RS needs to be signaled, MAC CE based L2 signaling can be used in such a way that it reconfigures applied RE pattern of aperiodic ZP CSI-RS or it reconfigures mapping on aperiodic ZP CSI-RS in each PQI state. For TM9, we can introduce a new DCI field similar to PQI, having at least ZP CSI-RS indication field only for the purpose of rate matching for aperiodic CSI-RS.
QCL details
Regarding QCL details, our view is the existing legacy QCL behaviors can be applied as it is, if a periodic CSI-RS is used for the QCL indication in DCI by eNB implementation, even when an aperiodic CSI-RS based CSI measurement and feedback is used for scheduling the DMRS-based PDSCH. For this case, in the UE implementation perspective, UE should be able to exclude possible cases that an aperiodic CSI-RS resource is indicated in PQI, which needs to be supported by specification so that the UE is not expected such cases. Or, we can consider to allow an aperiodic CSI-RS resource can also be indicated in PQI, by clarifying that the applicable QCL properties can be inferred from the linked CRS, not the aperiodic CSI-RS itself, due to the lack of the aperiodic CSI-RS density.

3. Conclusion
In this contribution, we discussed several remaining issues on beamformed CSI-RS for eFD-MIMO. 
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