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Introduction
At the RAN1 #84bis meeting, following agreements have been reached about beamformed CSI for Rel. 14 [1].
· 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:
· 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

In this contribution, we present our views on further enhancement of BF CSI-RS achieving efficient CSI-RS transmission.
Discussion on Overhead Reduction for UE-specific BF CSI-RS
Up to six alternatives have been proposed in last meeting and the analysis of the alternatives are list below. 
Table 1. Analysis of alternatives
	Alternatives
	Main Features
	Pros
	Cons

	1: Aperiodic BF CSI-RS
	CSI-RS transmitted only when needed
REs reused for PDSCH
	Overhead reduction;
Enhanced flexibility for CSI-RS scheduling
	DCI signalling overhead for rate matching

	2: Dynamic CSI-RS activation and/or deactivation
	One indication of CSI-RS ON/OFF
REs reused for PDSCH
	Overhead reduction;
Less specification impact
	DCI signalling overhead for rate matching

	3: Low-frequency density
	Transmitted every x-th PRBs.
Other PRBs can be used for PDSCH or another UE specific BF CSI-RS
	Overhead reduction;

	Impact to CSI accuracy;
Difficult in resource sharing with legacy UE.

	4: Dynamic beam sharing CSI-RS
	MR  with dynamic sharing of the beams on CSI-RS resources among the UEs
	Overhead reduction;
Enhanced flexibility for CSI-RS scheduling;

	Difficult in resource sharing with legacy UE.
	

	5: Triggered measurement of one of multiple CSI-RS configurations 
	Tiggered measurement of one of multiple CSI-RS configurations
	Enhanced flexibility for CSI-RS scheduling;
	DCI signalling overhead for trigger.

	6: Spatially multiplexed BF CSI-RS
	Spatial multiplexing of CSI-RS
	Without specificaion impacts
	


As each of the above alternative solutions has its own pros and cons, combination of some of them may provide the best tradeoff w.r.t. overhead reduction, performance, backward compatibility, UE implementation complexity. A proposed combination scheme is discussed in the next section.
UE-Specific Aperiodic CSI-RS with Semi-static Resource Reservation
Semi-static cell-specific resource pool reservation
In Rel. 13 standardization, a same CSI-RS resource can be shared by multiple UEs by turning on measurement restriction (MR). In that sense, a CSI-RS resource pool is achieved in Rel. 13. In Rel. 14, the resource pool concept can be further extended to supprot more flexibility for aperiodic CSI-RS, e.g., the min. periodicity for CSI-RS resource reservation can be 1 ms and flexible frequency cofigurations can be supported. 
Proposal 1: CSI-RS resources are reserved in periodic manner:
· The min. periodicity for CSI-RS resource reservation can be 1 ms.
Dynamic UE-specific Resource Allocation
To improve the utilization effeciency of CSI-RS resources, the time/freq./space sharing within the resource pool shall be supported. As illustrated in the right part of Fig. 1, UE1 and UE2 are configured with the same resource, UE3 and UE4 have some overlapped antenna ports. In general, CSI-RS resource can be shared in port level. In frequency domain, UE can be configured with different density of CSI-RS like the left part of Fig. 1. To summarize, we have the following proposals:
Proposal 2: Dynamic UE-specific resource allocation is supported:
· The configuration can be explicitly/implicitly indicated in DL grant;
· The resource allocation should be confined in CSI-RS resource pool and configurable;
· Different UEs can be configured with overlapped CSI-RS ports;
· The CSI-RS configured to UE can be wideband or subband.
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Figure 1: UE-specific resource allocation
One of the extreme case is no extra bit was used to indicate the UE specific CSI-RS configuration, for example, the number of antenna port used for CSI-RS of resource pool is 2, and the periodicity is 1ms. UE measures the whole ports once triggered. With the enhanced dynamic trigger which would be introduced in next section, UE can measure multi-beams.
Enhanced CSI trigger
Whether reserved CSI-RS resource is measured or not is dynamically triggered in DL/UL grant. To improve the accuracy of CSI measurement and the flexibility of CSI-RS configuration, the transmission instances assumed by a single CSI measurment, should be considered, e.g., by introducing a measument instance number indicator, q. Fig. 2 shows the different cases with q=1 and q>1. Another possible implementation is to introduce a reset flag to indicate the start of a new measurement.
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Figure 2: Aperiodic CSI-RS transmission instance
Proposal 3: CSI trigger shouled be enhanched:
· Alt. 1 CSI-RS transmission instance number per CSI measurement;
· Alt. 2 Reset flag is indicated.
Rate Matching
Rate matching should be considered if REs can be reused for PDSCH transmission, when CSI-RS is not multiplexed. Two alternatives can be adopted to solve the problem. Alt. 1 is that eNB and UE conduct rate mathcing based on CSI-RS transmission trigger [2]. Considering that resource pool can be configured with longer periodicity and less antenna ports when a smaller number of beams should be transmitted which can partly reduce the overhead, Alt. 2 means REs cannot be reused for PDSCH transmission.
Proposal 4: The following rate matching alternatives are considered:
· Alt. 1: eNB and UE conduct rate mathcing based on the trigger [2];
· Alt. 2: REs reserved for CSI-RS cannot be reused for PDSCH transmission.
Summary
In this contribution, we presented our views on futher enhancedment of BF CSI-RS achieving efficient CSI-RS transmission. Based on the discussion, we made the following proposals.
Proposal 1: CSI-RS resources are reserved in periodic manner:
· The min. periodicity for CSI-RS resource reservation can be 1 ms.
Proposal 2: Dynamic UE-specific resource allocation is supported:
· The configuration can be explicitly/implicitly indicated in DL grant;
· The resource allocation should be confined in CSI-RS resource pool and configurable;
· Different UEs can be configured with overlapped CSI-RS ports;
· The CSI-RS configured to UE can be wideband or subband.
Proposal 3: CSI trigger shouled be enhanched:
· Alt. 1 CSI-RS transmission instance number per CSI measurement;
· Alt. 2 Reset flag is indicated.
Proposal 4: The following rate matching alternatives are considered:
· Alt. 1: eNB and UE conduct rate mathcing based on the trigger [2];
· Alt. 2: REs reserved for CSI-RS cannot be reused for PDSCH transmission.
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