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Introduction
In RAN1 #85, a dynamic on/off based CSI-RS transmission scheme (either aperiodic CSI-RS or activation/deactivation of CSI-RS) has been agreed for Class B eMIMO-Type to reduce CSI-RS overhead and multiplexing capacity. The following captured the agreements related to dynamic on/off based CSI-RS transmission schemes [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 discuss on more details of dynamic on/off based CSI-RS transmission schemes and potential down-selection of candidate schemes.
2
Discussion
In the last RAN1 meeting, the use of dynamic on/off based CSI-RS scheme was agreed to reduce the CSI-RS overhead as it can be transmitted when it is needed. Two candidate schemes were listed on the table and the potential down-selection was agreed to be discussed. The first scheme (scheme 1) is aperiodic CSI-RS (A-CSI-RS) for which one or more CSI-RSs are configured via higher layer signaling except for the periodicity and the presence of the one or more A-CSI-RSs in a subframe can be dynamically indicated together with A-CSI reporting trigger. The second scheme (scheme 2) is activation/deactivation of CSI-RSs which can (de)activate CSI-RSs dynamically and the CSI-RSs are transmitted periodically within an active window.
Both scheme 1 and scheme 2 have been proposed for Class-B eMIMO-Types to reduce CSI-RS overhead when an eNB scheduler relies on A-CSI reporting. Although the scheme 1 and scheme 2 have a slightly different mechanism to turn on/off NZP CSI-RSs, it is clear that the same benefits can be achieved from both schemes. It is always desirable to minimize the options which provide a similar benefit or used for the same purpose in order to avoid unnecessary standard efforts and UE implementations. Therefore, it is strongly recommended to narrow-down options. 
Proposal-1: narrow-down between scheme 1 and scheme 2 in RAN1 #86
Aperiodic CSI-RS (scheme 1) can indicate the presence of CSI-RS for each subframe per UE which seems to be more flexible than (de)activation of CSI-RS in terms of A-CSI triggering and beamformed CSI-RS transmission. Although details of signaling and configuration are not discussed yet, there is still possibility to support a set of NZP CSI-RSs configured via higher layer signaling and one of NZP CSI-RS for a UE can be dynamically indicated at the same time when the A-CSI reporting triggered, which provide full flexibility at the eNB scheduler to determine a beamformed CSI-RS transmission as well as multiplexing of one or more beamformed CSI-RSs for different UEs.
In addition, scheme 1 has less impact from the misdetection of CSI-RS presence indication as it only fails to transmit A-CSI reporting associated with the subframe where a UE misdetects the A-CSI trigger which is the same for the legacy UE. On the other hand, scheme 2 has more serious impact from the misdetection of CSI-RS activation as a UE may not be able to measure CSI-RS during active window even though a UE is trigger to report A-CSI.

Considering the scheduling flexibility and robustness to the misdetection of CSI-RS presence indication, the scheme 1 seems to be a proper choice to support dynamic on/off based CSI-RS in eFD-MIMO.
Proposal-2: adopt aperiodic CSI-RS (scheme 1) for eFD-MIMO
The A-CSI-RS will be used for Class B eMIMO-Type which supports a UE-specific beamformed CSI-RS, therefore it seems to be beneficial to support more than one A-CSI-RS transmission in a subframe as an eNB scheduler may trigger A-CSI reporting from multiple UEs in a cell. Note that the presence and configuration of A-CSI-RS is unknown to the legacy UEs, therefore the legacy UE performance will be degraded significantly in the subframe containing A-CSI-RS which may result in scheduling restriction of legacy UE in the subframe. To mitigate the legacy UE impacts, the number of subframes containing A-CSI-RS should be minimized and the transmission of multiple A-CSI-RSs in a subframe should be allowed.
Proposal-3: support more than one A-CSI-RS transmission in a same subframe
Provided that multiple A-CSI-RSs can be transmitted for multiple UEs in a same subframe, the dynamic indication of associated A-CSI-RS for aperiodic reporting seems to be beneficial. For example, if a UE is configured an A-CSI-RS via a higher layer signaling, the same A-CSI-RS configuration may be used for a group of UEs due to the limited number of CSI-RS pattern and this will limit the scheduling of UEs configured with the same A-CSI-RS configuration in a subframe as the A-CSI-RS is used for Class-B eMIMO type which is UE-specific beamformed CSI-RS. In order to address the scheduling restriction of A-CSI-RS, the dynamic indication of an associated A-CSI-RS seems to be necessary. 

Proposal-4: support dynamic indication of an associated A-CSI-RS when triggering A-CSI
3
Conclusion
In this contribution, we discussed on the remaining issues on beamformed CSI-RS enhancement especially for dynamic on/off based CSI-RS transmissions. Based on discussions, we propose the following:
Proposal-1: narrow-down between scheme 1 and scheme 2 in RAN1 #86

Proposal-2: adopt aperiodic CSI-RS (scheme 1) for eFD-MIMO
Proposal-3: support more than one A-CSI-RS transmission in a same subframe
Proposal-4: support dynamic indication of an associated A-CSI-RS when triggering A-CSI
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