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1. Introduction
Beamformed (BF) CSI-RS is an important feature introduced in LTE R13, which enables the use of large antenna array in LTE system without the need to define complicated codebook per antenna array type as required by non-precoded (NP) CSI-RS. By using a group of micro beams towards UE, UE specific BF CSI-RS can achieve high CSI measurement quality and high RS efficiency when the number of active UEs is small. However, for a large number of active UEs, the CSI-RS overhead is one of the major issues for UE specific BF CSI-RS. In RAN1 #85, aperiodic CSI-RS and dynamic activation/deactivation of CSI-RS were chosen as two possible enhancement solutions [1]. In addition, frequency domain density reduction is another potential direction for improving the efficiency of BF CSI-RS. In this contribution, we will present our views on these solutions and analyze the related specification impact.
2 Dynamic CSI-RS Transmission
In contrast to periodic CSI-RS transmission introduced in LTE R10 which is always on, dynamic CSI-RS transmission is considered in R14 by transmitting CSI-RS on demand for specific UE. In general, there are two main alternatives for dynamic CSI-RS transmission as discussed in previous meetings, i.e., aperiodic CSI-RS and dynamic active/release of CSI-RS.
· Scheme 1: Aperiodic CSI-RS
In this scheme, one-shot CSI-RS is transmitted on the same subframe as the trigger of CSI request and, therefore, only A-CSI reporting is needed for aperiodic CSI-RS. The indication of transmission instance is carried by the UL-related DCI on a control channel within a CSI request field. The resource configuration of A-CSI-RS can follow that of P-CSI-RS except for the parameter subframeConfig, which is not needed anymore. 
There are two different ways for A-CSI-RS resource configuration: semi-static configuration via RRC signaling or dynamic configuration via DCI signaling. The main use case of A-CSI-RS is to change the beamforming weight at the same resource on demand at different subframes, thus reducing overall resource overhead of UE-specific BF CSI-RSs. The semi-static configuration can already support this feature well enough. The dynamic configuration allows several resources to be preconfigured via RRC signaling. For A-CSI-RS transmission, eNB may select one among these resources and send the resource indicator to UE along with the trigger of A-CSI-RS transmission. Although dynamic configuration can potentially better support some additional features like dynamic RS sharing by spatial multiplexing, it will also bring a significant increase in DCI overhead and thus the real benefit of dynamic A-CSI-RS configuration is difficult to be justified. 
Proposal 1: The A-CSI-RS resources can be configured semi-statically via RRC signaling by removing the subframeconfig in R13 CSI-RS resource configuration.
For detailed DCI message for A-CSI-RS, we should firstly consider the issue of trigger. Within each set of CSI processes configured by high layer, CSI processes can be divided into two categories: those with P-CSI-RS and others with A-CSI-RS. Once the CSI request is sent via a UL grant, the UE should understand that network requests A-CSI reporting based on P-CSI-RS resources, or A-CSI-RS resources, or both. Therefore, the CSI request field has two purposes including the indication of the request of A-CSI reporting and the transmission of A-CSI-RS at the subframe conveying the CSI request. Therefore the current DCI table designed for the CSI request can be reused without the need of extra DCI bit. 
LTE R14 may also introduce the single CSI process based hybrid CSI-RS. In this case, there are two eMIMO types configured in one CSI process. In particular, CSI-RS resource(s) configured for the first eMIMO-type is likely sent periodically for tracking the long term beam information whereas the second CSI-RS resource(s) configured for the second eMIMO-type is sent in one shot to improve the efficiency of resource utilization. Consequently, it may be needed to have both A-CSI-RS and P-CSI-RS resources in one CSI process for hybrid CSI reporting. In this case, A-CSI-RS will be transmitted together with the CSI request. It is also possible to only report a partial CSI for long term beam tracking when UE’s position is changed due to mobility. Since the long term beam information is not updated, A-CSI-RS transmission and corresponding A-CSI reporting based on the second eMIMO type may not be necessary.  Hence it can be helpful for aperiodic CSI reporting to introduce an extra bit in DCI to request CSI based on P-CSI-RS only (if necessary) during hybrid CSI reporting. This new bit can be defined with a new field in UL grant or jointly encoded within existing CSI request field.
Proposal 2: To efficiently use hybrid CSI reporting with both A-CSI-RS and P-CSI-RS resources in one CSI process (if supported), it shall be clarified for P-CSI and A-CSI reporting with regard to UE measurement and corresponding reporting. 
As discussed in our companion contribution [2], class B K>1 case should be supported in the second eMIMO types of hybrid CSI-RS for more flexible beam selection in UE specific BF CSI-RS. This means that we should also support the case of K>1 in A-CSI-RS, which is usually used for UE specific BF CSI-RS.
Proposal 3: Class B with K>1 case should be supported by A-CSI-RS.
In contrast to P-CSI-RS, UE does not know the existence of A-CSI-RS until the trigger is received. This means that the UE cannot start calculating CSI before the decoding of CSI request, e.g., in case of ePDCCH. Therefore, assuming the UE has the same capability with that in R13, latency budget may need to be enlarged to ensure enough CSI processing time. Moreover, since multiple CSI-RS resources can be configured in A-CSI-RS, it shall be also considered the impact of the number of CSI-RS resources for CSI processing budget.
Proposal 4: The CSI processing budge of aperiodic CSI reporting shall be considered, e.g. with 4+x ms where x may be related to ePDCCH and the number of ports/CSI-RS resources per CSI process.
When performing A-CSI-RS transmission for some specific UEs, R14 should allow other co-scheduled UEs to access the information of resource configuration of these UEs’ A-CSI-RS to perform PDSCH rate matching. To cope with this issue, the similar mechanism for ZP CSI-RS introduced in TM10 by using the PQI field in DCI can be generally reused. However, related RRC-configured ZP CSI-RS resources indicated by PQI is configured in the periodic manner, which cannot be directly used for A-CSI-RS. As a result, at least certain new mechanism indicating ZP A-CSI-RS resource, e.g. without subframeConfig, is required in PQI. Moreover, 3GPP needs also to consider that whether current 2-bit PQI is still enough to perform rate matching with regard to the amount of A-CSI-RS resource configurations shared among UEs, e.g. how many NZP A-CSI-RS resources shall be configured per cell.
Proposal 5: New mechanism in PQI field to indicate aperiodic ZP CSI-RS is required.
Since in principle A-CSI-RS can be transmitted in any subframe, it is difficult for legacy UE to perform exact PDSCH rate matching. The eNB can simply puncture PDSCH REs on those occupied A-CSI-RS so that legacy UE will treat them as highly corrupted PDSCH symbols. This mechanism is quite similar with that R8/R9 UEs had experienced when CSI-RS was firstly introduced in R10. If the performance loss for legacy UE is indeed unacceptable, eNB can avoid A-CSI-RS transmissions at some subframes, and trigger A-CSI-RS following exact periodicity of ZP CSI-RS of legacy UE. In addition, as we will discuss later, frequency domain density reduction may also help PDSCH rate matching for legacy UE.
· Scheme 2: Dynamic active/release of CSI-RS

In this scheme, multi-shot CSI-RS is transmitted once eNB sends an active trigger to UE. It can then be terminated once eNB sends a release trigger. This scheme does not subject itself to the types of CSI-RS, e.g., periodic or aperiodic. However, for aperiodic CSI-RS, this scheme does not show significant benefit, as compared with scheme 1, while introducing unnecessary signalling for activation/release. On the other hand, for periodic CSI-RS, it cannot provide the same flexibility as scheme 1 since CSI-RS is actually transmitted in a semi-persistent way in this case. Since scheme 1 does not require extra DCI signalling bits as discussed above, there is no advantage in DCI overhead for scheme 2. In addition, considering the delay between triggering and CSI-RS transmission, the latency of CSI reporting is larger than scheme 1. Therefore, with these considerations, scheme 2 is not preferred as compared with scheme 1.
Observation 1: Compared with A-CSI-RS, dynamic active/release of CSI-RS has less flexibility with extra complexity.
3 Frequency Domain Density Reduction
We have provided simulation results in [3] on the relationship between coherent bandwidth and channel virtualization level. It was shown that the frequency selectivity of effective channel after beamforming decreases significantly if a higher beamforming gain is applied to the CSI-RS resource. This suggests that BF CSI-RS density can be reduced by some mechanisms, e.g., frequency domain decimation, to improve the efficiency of RS utilization with limited CSI-RS estimation degradation at frequency domain. 
As we aforementioned, A-CSI-RS is a very promising way to improve the efficiency of resource utilization. It should be supported as the common transmission scheme for UE specific BF CSI-RS whereas P-CSI-RS can be mainly adopted for NP or cell specific BF CSI-RS. Considering such use cases, it is reasonable to consider frequency density reduction as an affiliated feature associated with A-CSI-RS.  Moreover, a reduced-size occupation of A-CSI-RS on frequency domain can facilitate the possibility of scheduling legacy UEs on those RBs unoccupied by A-CSI-RS. Then PDSCH rating matching can be performed correctly by these legacy UEs without being affected by A-CSI-RS. Depending on the methodology of A-CSI-RS reduction, legacy UEs may consider distributed or localized resource allocation if needed.  
Observation 2: Frequency domain density reduction shall be introduced as an affiliated feature associated with A-CSI-RS.
There are different ways to reduce the frequency domain density. One category is that CSI-RS resources still cover whole bandwidth with some alternatives in decimation. Each antenna port can be interleaved every L RB but in either same RB or different RBs.  By comparing these two methods, we slightly prefer the former one because required specification effort is much smaller. Given any decimation value L, only a comb ID is required in configuration when all ports are still in the same RB.  The configuration can be more complicated if BF CSI-RS ports are scattered in different RBs.  Moreover, the performance of former method may be more robust since at least a full CSI of antenna ports within a co-located RB can be properly estimated without channel interpolation.  
On the other hand, CSI-RS resources may occur within localized bands or bandwidth parts. In general, this category will lead to much larger specification impact, such as on wideband/subband/UE selected CSI reporting, UE scheduling, etc. Thereafter issues and benefits related to localized-band CSI-RS shall be further studied. 
Proposal 6: The density-reduced CSI-RS at frequency domain should cover the whole bandwidth with the decimation order of L (FFS: values of L). All antenna ports per CSI-RS resource should be placed in the same RB.
CSI-RS overhead reduction via whole bandwidth decimation will not bring significant changes to the UE implementations such as channel estimation and eNB scheduling. The main use case is that UE specific BF CSI-RS may have less frequency selectivity for the effective propagation channel. The precision loss in CSI acquisition will be limited in this case. For CSI reporting, subband PMI/CQI reporting with small granularity may still be valid for a small comb factor, such as L=2 and other candidate values. 
For PDSCH rate matching, it might be helpful to introduce the decimation parameter, such as comb ID, in the configuration of ZP CSI-RS. This can reserve REs unoccupied by A-CSI-RS so that they can be fully used for PDSCH transmission. However, introducing additional decimation parameter by DCI will increase the shortage of PQI states. Therefore, we slightly prefer not changing the configuration of ZP A-CSI-RS if frequency decimation is adopted. The eNB can puncture those decimated REs unoccupied by using ZP A-CSI-RS, if there is, for R14 UEs.
For legacy UE, eNB can either schedule them on RBs unoccupied by decimated CSI-RS or directly puncture all REs corresponding to decimated CSI-RS to ensure correct decoding of PDSCH. 
Proposal 7: There is no need to introduce extra mechanism of aperiodic ZP CSI-RS indication for frequency domain density reduction associated with A-CSI-RS.
4 Conclusion
In this contribution, we provide our understanding on aperiodic CSI-RS and overhead reduction. In particular, we have following observations and proposals:
Observation 1: Compared with A-CSI-RS, dynamic active/release of CSI-RS has less flexibility with extra complexity.

Observation 2: Frequency domain density reduction shall be introduced as an affiliated feature associated with A-CSI-RS.

Proposal 1: The A-CSI-RS resources can be configured semi-statically via RRC signaling by removing the subframeconfig in R13 CSI-RS resource configuration.

Proposal 2: To efficiently use hybrid CSI reporting with both A-CSI-RS and P-CSI-RS resources in one CSI process (if supported), it shall be clarified for P-CSI and A-CSI reporting with regard to UE measurement and corresponding reporting.

Proposal 3: Class B with K>1 case should be supported by A-CSI-RS.

Proposal 4: The CSI processing budge of aperiodic CSI reporting shall be considered, e.g. with 4+x ms where x may be related to ePDCCH and the number of ports/CSI-RS resources per CSI process.

Proposal 5: New mechanism in PQI field to indicate aperiodic ZP CSI-RS is required.

Proposal 6: The density-reduced CSI-RS at frequency domain should cover the whole bandwidth with the decimation order of L (FFS: values of L). All antenna ports per CSI-RS resource should be placed in the same RB.

Proposal 7: There is no need to introduce extra mechanism of aperiodic ZP CSI-RS indication for frequency domain density reduction associated with A-CSI-RS.
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