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Introduction
In 3GPP RAN #71 meeting, a new Work Item on Enhancements on Full-Dimension (FD) MIMO was approved. According to the WID [1], one of the objectives is related to beamformed CSI-RS. And during the previous meetings, some agreements are achieved as the following. 
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
· [bookmark: OLE_LINK34][bookmark: OLE_LINK33]Aperiodic CSI-RS transmission instance is indicated by UL-related DCI transmitted on a control channel with a CSI request field:
· [bookmark: OLE_LINK159][bookmark: OLE_LINK160]Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
· [bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK24][bookmark: OLE_LINK164][bookmark: OLE_LINK163]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
· [bookmark: OLE_LINK48][bookmark: OLE_LINK43][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK47][bookmark: OLE_LINK55][bookmark: OLE_LINK58][bookmark: OLE_LINK57][bookmark: OLE_LINK54][bookmark: OLE_LINK56][bookmark: OLE_LINK53][bookmark: OLE_LINK46][bookmark: OLE_LINK52][bookmark: OLE_LINK59][bookmark: OLE_LINK61][bookmark: OLE_LINK67][bookmark: OLE_LINK70][bookmark: OLE_LINK72][bookmark: OLE_LINK69][bookmark: OLE_LINK42][bookmark: OLE_LINK74][bookmark: OLE_LINK66][bookmark: OLE_LINK68][bookmark: OLE_LINK40][bookmark: OLE_LINK62][bookmark: OLE_LINK71][bookmark: OLE_LINK64][bookmark: OLE_LINK73][bookmark: OLE_LINK41][bookmark: OLE_LINK39][bookmark: OLE_LINK25][bookmark: OLE_LINK65][bookmark: OLE_LINK166][bookmark: OLE_LINK165]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 
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK6][bookmark: OLE_LINK5]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)
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]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
· [bookmark: OLE_LINK87][bookmark: OLE_LINK89][bookmark: OLE_LINK88]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
· [bookmark: OLE_LINK78][bookmark: OLE_LINK77][bookmark: OLE_LINK79][bookmark: OLE_LINK80]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 give our views on these two schemes of beamformed CSI-RS enhancements.
Discussion
We propose the following assumptions as the starting point of discussion. 
[bookmark: OLE_LINK156][bookmark: OLE_LINK155][bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK26]In a CSI process, NZP CSI-RS can be either one of two kinds of CSI-RS resource: aperiodic NZP CSI-RS resource, without Subframe_config configuration information; or periodic NZP CSI-RS with Subframe_config. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]If NZP CSI-RS in a CSI process is an aperiodic NZP CSI-RS, it can only be triggered by UL-related DCI and transmitted in the same DL subframe. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK28][bookmark: OLE_LINK27]If NZP CSI-RS in a CSI process is a periodic NZP CSI-RS resource and its state is “activated”, subframe containing CSI reference signals shall satisfy the configuration of Subframe_config. When this NZP CSI-RS needs to be released or deactivated, L2 or RRC signalling can be used in order to inform UE not to receive this CSI-RS and feedback its CSI.
[bookmark: _GoBack]Legacy NZP CSI-RS could also be classified as periodic CSI-RS. But once configured, the resources should be considered as activated.
[bookmark: OLE_LINK38][bookmark: OLE_LINK37]Aperiodic NZP CSI-RS
Aperiodic NZP CSI-RS should only support PUSCH based A-CSI reporting. And transmission instance is indicated by UL-related DCI with the same DL subframe. 
One or more aperiodic NZP CSI-RS resource in a subframe
The possibility should not be eliminated that multiple aperiodic NZP CSI-RS resources are configured in one subframe. When configured in DRX, it is better that UE measures as much resources as possible within the same subframe. Some may argue that novel DCI would need to be designed for RE mapping because PQI only supports indication of one ZP CSI-RS ID. But it is possible that ZP-CSI-RS could also be configured through RRC signaling. eNB could configure the same periodic ZP-CSI-RS to multiple UEs while changing the beam directions instance by instance. 
[bookmark: OLE_LINK91][bookmark: OLE_LINK90]Proposal 1: UE may assume more than one aperiodic NZP CSI-RS resource within one subframe.

[bookmark: OLE_LINK35][bookmark: OLE_LINK36]CSI request field
[bookmark: OLE_LINK93][bookmark: OLE_LINK92][bookmark: OLE_LINK95][bookmark: OLE_LINK94]Trigger of measurement and CSI report for aperiodic CSI-RS could reuse the CSI request field for periodic NZP CSI-RS in R13, 3bit or 2bit depending on the numbers of CSI processes. It can trigger CSI report for both periodic and aperiodic CSI-RS. Aperiodic CSI-RS is also transmitted in the same subframe together with DCI signalling, and UE is required to update CSI for this CSI process and feedback based on PUSCH on the occasion of n+k.
For periodic ones, UE could just follow the legacy behavior.

· Proposal 2: Trigger of measurement and CSI report for aperiodic CSI-RS could reuse the CSI request field for periodic NZP CSI-RS in R13
Periodic NZP CSI-RS
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]One CSI process can be configured multiple periodic NZP CSI-RS. A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process, through which the activated/deactivated state of CSI-RS resources is changed accordingly.. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK13]We suggest periodic NZP CSI-RS is configured by L2 signalling, not using DCI signalling. 
Firstly, DCI signalling may produce misalignment about activation and/or release between eNB and UE due to PDCCH detection error. For example, if periodic NZP CSI-RS release is missed by UE, the UE still reports CSI for this periodic CSI-RS on the configured occasions with poor/wrong CQI. At the same time, eNB no longer receive this CSI feedback with the assumption of DCI correctly transmitted. So UE and eNB would be in misalignment and result in large amount of power consumption and interference to other UEs.
L2 signaling is well protected through HARQ procedure. It doesn’t have above misalignment problem due to erroneous detection. Timing between transmission of L2 signally and its corresponding ACK/NACK is clearly defined in current spec, thus eNB could start CSI-RS transmission   
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Proposal 3: If periodic CSI-RS is going to be supported, then L2 signalling should be designed for activation/release trigger.
PDSCH RE mapping
[bookmark: OLE_LINK76][bookmark: OLE_LINK75]Another open issue is PDSCH RE mapping in the subframe containing aperiodic NZP CSI-RS.
[bookmark: OLE_LINK82][bookmark: OLE_LINK81]For TM10 UE, PQI indicator could be used for PDSCH RE mapping signalling in case of aperiodic NZP CSI-RS is triggered. .
For non-TM10 UE, PQI is not signalled. In order to perform PDSCH rate matching in the subframe of aperiod CSI-RS, an easy way is to configure the resource of aperiodic CSI-RS through RRC signaling. The resources could be configured to belong to the common resource pool of ZP CSI-RS, which is used by multiple UEs. In this way, UE can also be aware of PDSCH RE mapping and perform PDSCH rate matching.
[bookmark: OLE_LINK86][bookmark: OLE_LINK85]Proposal 4: PQI and RRC signalling could both be used for PDSCH RE mapping indicator in case of aperiodic NZP CSI-RS is triggered.
QCL
[bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK118][bookmark: OLE_LINK117][bookmark: OLE_LINK119][bookmark: OLE_LINK124][bookmark: OLE_LINK125]In Rel-11, quasi-colocation (QCL) assumption is introduced to link the large scale properties of reference signal ports, such as delay spread, Doppler spread, Doppler shift, average gain and average delay. In Rel-13, QCL assumption reuse legacy definition, with QCL-CRS-info information configured per NZP CSI-RS resource, and UE is not expected to be configured with different QCL-CRS-info across the NZP CSI-RS resources configured for a CSI process.
QCL between CRS and CSI-RS
[bookmark: OLE_LINK127][bookmark: OLE_LINK126][bookmark: OLE_LINK146][bookmark: OLE_LINK147]The same principle could also be applied to aperiodic NZP CSI-RS and periodic NZP CSI-RS. Each of the configured resources has its own QCL information. For QCL Type B UE, QCL-CRS-info is reused to link the CRS ports to CSI-RS resource in terms of Doppler shift and Doppler spread, no matter whether this resource is periodic or aperiodic NZP CSI-RS. But UE does not expect to be configured with different QCL-CRS-info across the NZP CSI-RS resources configured for a CSI process.
Proposal 5: Same as Rel.13, QCL-CRS-info information is per NZP CSI-RS resource (aperiodic or periodic) and UE does not expect different QCL-CRS-info across the NZP CSI-RS resources in a CSI process.
QCL between CSI-RS and DMRS ports
[bookmark: OLE_LINK149][bookmark: OLE_LINK148][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK151][bookmark: OLE_LINK150][bookmark: OLE_LINK143][bookmark: OLE_LINK142]QCL between CSI-RS and DMRS ports is configured by high layer signalling and dynamically indicated in the PQI field. The large scale information provided by aperiodic CSI-RS and periodic is still useful for DM-RS, thus it could be configured QCL to DM-RS. Periodic NZP CSI-RS in deactivation mode might not be configured QCL with DMRS ports. But it is not necessarily forbidden through spec. Implementation could take this into consideration.  
Proposal 6: Aperiodic and periodic NZP CSI-RS could be configured QCL with DMRS.
Conclusions
In summary, we discuss the potential enhancements on beamformed CSI-RS to improve efficiency of resource utilization for eFD-MIMO. 
[bookmark: OLE_LINK167][bookmark: OLE_LINK162]The following proposals are for aperiodic NZP CSI-RS:
Proposal 1: UE may assume more than one aperiodic NZP CSI-RS resource within one subframe.
Proposal 2: Trigger of measurement and CSI report for aperiodic CSI-RS could reuse the CSI request field for periodic NZP CSI-RS in R13
The following proposals are for periodic NZP CSI-RS:
Proposal 3: If periodic CSI-RS is going to be supported, then L2 signalling should be designed for activation/release trigger.
And we also give several considerations for PDSCH RE mapping and QCL:
Proposal 4: PQI and RRC signalling could both be used for PDSCH RE mapping indicator in case of aperiodic NZP CSI-RS is triggered.
Proposal 5: Same as Rel.13, QCL-CRS-info information is per NZP CSI-RS resource (aperiodic or periodic) and UE does not expect different QCL-CRS-info across the NZP CSI-RS resources in a CSI process.
Proposal 6: Aperiodic and periodic NZP CSI-RS could be configured QCL with DMRS.
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