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Introduction
	In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. The objective of reference signal enhancement for beamformed CSI-RS is: 
· 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 RAN1#84bis, the following agreements have been achieved: 
Agreements: 
· Until RAN1#85, down-selection/merge the following alternatives for reducing the overhead for beamformed CSI-RS, considering overhead reduction, performance, backward compatibility, UE implementation complexity:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Alt.1: Aperiodic CSI-RS
· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 
· Alt.2: Dynamic CSI-RS activation and/or deactivation
· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 
· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth
· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 
· Alt.5: Triggered measurement of one of multiple CSI-RS configurations
· Alt.6: Spatially multiplexed beamformed CSI-RS
· Other approaches are not precluded
This contribution provides our views on these alternatives. Since the aperiodic CSI-RS (Alt.1) has been discussed in details in our companion contribution [2], we only focus on the other five alternatives.
Discussion
For legacy UE with aperiodic CSI feedback, one case is that the CSI reference resource is in the same subframe as the corresponding CSI request in an uplink DCI format. With this assumption, there are two CSI processing ways for the UE:
Scheme-1: Preparing CSI-RS channel estimation and CSI calculation firstly and then decoding PDCCH to detect the A-CSI trigger. If the A-CSI is triggered, the calculated CSI is reported, otherwise it is discarded.
Scheme-2: Decoding PDCCH firstly to detect the A-CSI trigger and then determining CSI with CSI-RS channel estimation if triggered.
Regarding aperiodic CSI-RS, if the one-shot CSI-RS transmission is on the same subframe as triggering subframe, the above two schemes are still effective. This proves that the CSI processing time is not a challenge for the one-shot CSI-RS transmission, considering UE implementation. Comparing with the one-shot CSI-RS, except with smaller UL grant overhead, the multi-shot CSI-RS transmission in Alt.2 shows no evident benefits since no abundant CSI processing time budget is required. 
Proposal:
· Considering UE implementation, the CSI processing time is not a challenge for the one-shot CSI-RS transmission. 
Some contributions have mentioned that the channel of beamformed CSI-RS becomes less frequency-selective [3-4]. In this way, it is reasonable to reduce the CSI-RS density in the frequency domain as Alt.3. Via decimation, the CSI-RS ports are preferred to be uniformly distributed in the frequency as the following two schemes:
Scheme-1: All the CSI-RS ports (up to 8-ports for the beamformed CSI-RS) are located in the same RB, and CSI-RS is transmitted in every L RBs, where L>1.
Scheme-2: The CSI-RS ports are located in adjacent RBs. For example, considering the 8 ports beamformed CSI-RS, the first 4 ports and the other 4 ports could be located in the odd and even RBs, respectively.
Comparing the two schemes, Scheme-1 may achieve more consistent channel estimation, since every port is measured in the same RB. Instead, for Scheme-2, the first 4 ports are measured in the odd RBs and the other 4 ports measured in the even RBs. Whether such channel estimation consistence is beneficial or not (e.g. in frequency-selective channel) needs to be discussed. In addition, Scheme-2 changes the legacy CSI-RS patterns, which has larger impact on the spec.
Moreover, it is clear that reducing the CSI-RS density reduces the channel estimation accuracy. In Rel-10, it has been proved that the 1 RE/PRB/port CSI-RS density is necessary to ensure sufficient channel estimation accuracy. For the UE-specific beamformed CSI-RS, considering each CSI-RS port, there is larger beamforming gain achieved compared with that of the Rel-10 CSI-RS port. For instance, if (M,N,P)=(8,4,2) antenna configuration is employed, for the Rel-10 8-ports CSI-RS, each port is beamformed by a column (8 antenna elements) of the antenna array. Regarding the Rel-13 Class B K=1 8-ports CSI-RS, each port is beamformed by all the antenna elements (32 antenna elements) in one polarization. Therefore, there is 6 dB larger beamforming gain, which may compensate for the CSI-RS power loss. 
Proposal:
· It is reasonable to reduce the CSI-RS density in the frequency domain. 
In Rel-13, measurement restriction (MR) has been specified for the Class B CSI reporting type. With MR ON configured for a CSI process, the channel measurement is restricted to one single subframe. Therefore, multiple UEs sharing the same CSI-RS resource using beam weight switching as Alt.4 has already been supported. It should be noted that Alt.4 is only applicable for aperiodic CSI feedback. 
Proposal:
· Alt.4 has already been supported in Rel-13. 
For Alt.5, a CSI-RS resource pool is shared among the UEs. Thus multiple CSI-RSs are configured for each UE, which causes a large DCI overhead. Especially in the CA scenarios, there are two bits CSI request in the uplink DCI format. The value of CSI request field (‘10’ or ‘11’) triggers aperiodic CSI reporting for a set of serving cells configured by higher layers. If multiple CSI-RSs are configured for each serving cell, more CSI request bits are required to further indicate one of the multiple configured CSI-RSs per serving cell in the triggered set. For example, aperiodic CSI report is triggered for the 1st set of serving cells, which includes 5 serving cells (e.g. ServCellIndex=0,1,2,3,4). Assuming 4 CSI-RSs are configured for a UE per serving cell, there are 20 bits more CSI request needed in the uplink DCI format. Mechanism for reducing the triggering field overhead needs to be carefully studied.
[bookmark: OLE_LINK1]Proposal:
· Alt.5 causes a larger DCI overhead especially in the CA scenarios.
With multiple orthogonal beams for different UEs multiplexed on the same CSI-RS resource, it is effective to reduce the beamformed CSI-RS overhead. However two issues have to be considered. On the one hand, as multiple UEs spatially share the same beamformed CSI-RS resource, the total CSI-RS power is divided among all the orthogonal beams, which may decrease the CSI-RS coverage for each UE. On the other hand, strict beam orthogonality is difficult to be guaranteed with the inevitable beam overlapping. Therefore, the inter-beam interference exists, which is detrimental to the system performance.
Proposal:
· Beam power decrease and the inter-beam interference have to be considered for Alt.6.
Conclusions
	In this contribution, we provided our views on the potential alternatives for reducing the overhead for beamformed CSI-RS. CSI-RS density reduction in frequency domain is preferred. In addition, it can be further combined with other alternatives, e.g. aperiodic CSI-RS. We have the following proposals:

Proposals:
· Considering UE implementation, the CSI processing time is not a challenge for the one-shot CSI-RS transmission.
· It is reasonable to reduce the CSI-RS density in the frequency domain. 
·  Alt.4 has already been supported in Rel-13.
· Alt.5 causes a larger DCI overhead especially in the CA scenarios.
· Beam power decrease and the inter-beam interference have to be considered for Alt.6.
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