3GPP TSG RAN WG1 Meeting #84bis	                                           R1-163134
Busan, Korea, 11th - 15th April 2016
Agenda Item:    7.3.3.1.2
Source:         Xinwei
Title: 	   Considerations on Aperiodic CSI-RS
Document for:   Discussion and Decision
1. Background and Introduction
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK61]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 to specify enhancements on reference signal, including improved efficiency for UE-specific beamformed CSI-RS utilizing aperiodic CSI-RS.
· Beamformed CSI-RS, supporting CSI-RS resource utilization with improved efficiency for UE-specific beamformed CSI-RS including specifying support for aperiodic CSI-RS 
In this contribution, we present our views on the design of aperiodic CSI-RS for R14 enhancement of FD-MIMO.
2. Support of Aperiodic CSI-RS
In R13 FD-MIMO, different CSI-RS types are designed: non-beamformed CSI-RS, cell-specific beamformed CSI-RS, and UE-specific beamformed CSI-RS. Non-beamformed CSI-RS is typically broadcasted over the whole cell. Cell-specific beamformed CSI-RS can be used to form virtual cell or sector. UE-specific beamformed CSI-RS consists of several micro beams. UE-specific beamformed CSI-RS provides the highest possible gain, but it suffers from misalignment between beamforming weight and varied channels when the UE moves fast. In FDD system, one of the methods is to use additional CSI-RS to enhance its performance. If this additional CSI-RS is periodic, then large amount of reference resources would be used. It is preferred that with dynamic and flexible aperiodic CSI-RS, eNB could trigger the transmission of CSI-RS whenever needed rather than consuming fixed amount of resources.
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]2.1 Aperiodic CSI-RS Types
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK50][bookmark: OLE_LINK62][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK49][bookmark: OLE_LINK78][bookmark: OLE_LINK79]Non-beamformed CSI-RS or cell-specific beamformed CSI-RS is more robust against channel variation. When they are configured to be aperiodic, more robust channel information could be provided for UE-specific beamformed CSI-RS. Thus we think non-beamformed CSI-RS or cell-specific beamformed CSI-RS can be configured to be aperiodic CSI-RS.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK80]If another UE-specific beamformed CSI-RS is configured to be aperiodic CSI-RS, UE measures these two different CSI-RS and reports the corresponding CSI. When the aperiodic UE specific beamformed CSI-RS is constructed appropriately, eNB gains more information from UE reports and easily adapts to channel variation. UE-specific beamformed CSI-RS is also possible to be configured as aperiodic.
[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Proposal 1: All three CSI-RS types can be configured as aperiodic CSI-RS.
3. Design of aperiodic CSI-RS
In this part, we focus on design details for aperiodic CSI-RS. The following issues need to be considered when designing aperiodic CSI-RS:
· Triggering of aperiodic CSI-RS: 
· Duration of aperiodic CSI-RS
· Timing of aperiodic CSI-RS
· CSI feedback of aperiodic CSI-RS
3.1 Triggering of aperiodic CSI-RS
The common practice would be to configure several sets of CSI-RS through RRC and then trigger the transmission through DCI. The parameters that need to be configured are the same as normal CSI-RS 
· antennaPortsCount
· resourceConfig
· subframeConfig
· scramblingIdentity
· qcl-CRS-Info
· eMIMO-Info
Other parameters like duration of CSI-RS might also be needed. The DCI format used to trigger aperiodic CSI-RS might be multiplexed with DL grant or the same as format 3 or 3A, in which multiple UE could be noticed at the same time. Number of bits might be one or two to select the corresponding RRC configured parameter sets.
Proposal 2: Multiple UE could be triggered to receive aperiodic CSI-RS at the same time through DCI like format 3 or 3A.
· Triggering bits might also be multiplexed with other downlink control informaiton.
3.2 Duration of aperiodic CSI-RS


          
Figure 1: one-shot CSI-RS and multiple-shot CSI-RS
Fig.1 shows examples of one-shot and multi-shot CSI-RS transmission. Multi-shot CSI-RS could be triggered by one DCI and transmitted multiple times. There is possibility that UE doesn’t correctly decode the triggering DCI. Under this condition, multi-shot CSI-RS would be a waste of resource. eNB would also not know whether the following UE feedback is based on the aperiodic CSI-RS or not. Thus multi-shot CSI-RS should not be considered. 
Proposal 3: Considering detection error of DCI triggering information, only one-shot aperiodic CSI-RS should be supported.
3.3 Timing relationship between triggering signal and transmission of aperiodic CSI-RS
The timing relationship between triggering signal and transmission of aperiodic CSI-RS should also be considered. From the perspective of power consumption, it is better that UE could detect DCI triggering signal and CSI-RS at the same subframe. However, DCI triggering information might be multiplexed with other downlink control information and CSI-RS is transmitted in RRC configured subframe, thus the possibility of triggering aperiodic CSI-RS after several subframes should not be precluded. UE should be able to receive the aperiodic CSI-RS in the first available RRC configured subframe if UE received triggering DCI in subframe n.
Proposal 4: The timing relationship between triggering signal and transmission of aperiodic CSI-RS is such that DCI triggering signal indicates the transmission of aperiodic CSI-RS in the first available RRC configured subframe.
3.4 CSI feedback of aperiodic CSI-RS
Aperiodic CSI-RS could be associated with certain CSI process. With the association, UE CSI calculation assumption could be based on other information in the same process, like RI feedback. Under this condition, the CSI feedback from aperiodic CSI-RS could be transmitted on PUCCH configured in the same process. 
There is possibility of configuring aperiodic CSI-RS independent of any CSI process. Under this condition, UE might be triggered to report on PUSCH.
Proposal 5: For aperiodic CSI-RS, CSI feedback on PUCCH and PUSCH should both be supported.
4. Conclusion
Observation 1:
Proposal 1: All three CSI-RS types can be configured as aperiodic CSI-RS.
[bookmark: _GoBack]Proposal 2: Multiple UE could be triggered to receive aperiodic CSI-RS at the same time through DCI like format 3 or 3A.
· Triggering bits might also be multiplexed with other downlink control informaiton.
Proposal 3: Considering detection error of DCI triggering information, only one-shot aperiodic CSI-RS should be supported.
Proposal 4: The timing relationship between triggering signal and transmission of aperiodic CSI-RS is such that DCI triggering signal indicates the transmission of aperiodic CSI-RS in the first available RRC configured subframe.
Proposal 5: For aperiodic CSI-RS, CSI feedback on PUCCH and PUSCH should both be supported.
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