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1. Introduction
In RAN1#86 meeting, the following agreements were achieved to specify enhancements on UE specific beamformed CSI-RS where aperiodic CSI-RS and “multi-shot” CSI-RS were identified and some issues were left open for further study.
Agreement:
Aperiodic CSI-RS
· Two-step NZP CSI-RS resource configuration:
· Step 1. RRC configuration with a newly defined Aperiodic CSI-RS-Resource-Config IE
· Without Subframe_config
· Configure a UE with K = {1, 2, .., 8} CSI-RS resources
· Step 2. Activation/release mechanism
· Activate N out of K CSI-RS resources per CSI process
· Note: Activation refers to down selection of N out of K CSI-RS resources
· Once activated, a CSI resource remains activated until released
· FFS: Whether N is always equal to K or the case where K=N is not precluded
· If N is always equal to K, step 2 is bypassed
· Choose at least one of the following alternatives for activation/release mechanism (TBD in RAN1#86bis)
· Alt1. Using UL grant(s)
· FFS: Support for cross-carrier activation/release
· Alt2. Using MAC CE
· Other alternatives are not precluded
· FFS the values of X and Y, max value of N (or the value of N), how to signal N
· One out of N CSI-RS resources is selected via the UL-related DCI
· A UL grant carries a CSI request and indicates transmission of one CSI-RS resource if N>1 aperiodic CSI-RS resources are activated for a CSI process for which the CSI is requested
· A CSI request is for one CSI-RS resource per CSI process
· Choose one out of the following alternatives for indicating transmission of 1 out N CSI-RS resources (TBD in RAN1#86bis)
· Alt1. use code points from an existing DCI field to select 1 out N CSI-RS resources
· Alt2. Introduce additional bit(s) in DCI
· Note: The number DCI fields and number of code points for the combinations of CSI process, CC, and CSI-RS resource indication are FFS
Overhead reduction for Class B – both for periodic and aperiodic CSI-RS
· Support CSI-RS frequency-domain density reduction for Class B
· All antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs
· [bookmark: OLE_LINK1]N = 1 (existing CSI-RS design), 2, and >2
· FFS: Exact mechanism


In this contribution, we present our views and proposals on the resource sharing of beamformed (BF) CSI-RS to achieve efficient CSI-RS transmission. 
2. Aperiodic CSI-RS resource sharing
One open issue is the number of steps necessary for the CSI-RS resource configuration. According to the previous agreements, the aperiodic CSI-RS is actually a joint scheme which relies on the “CSI-RS activation/release mechanism + aperiodic CSI triggering” with the newly defined aperiodic CSI-RS configuration, and both the activation/release mechanism and aperiodic trigger are used for UE to determine the RE location and subframe instances of its relevant CSI-RS resources within a RRC configured CSI-RS resource pool. 
For two-step CSI-RS resource configuration, the possible CSI measurement process is that K UE-specific CSI-RS resources are for a group of UEs in the cell, and only part of the resources, e.g., N resources which correspond to one UE would be active during the activation period and the eNB can trigger one out of the N resources by, e.g., UL-related DCI for a UE to eventually determine the exact CSI-RS resource to be measured on. While for one-step CSI-RS resource configuration method, the UE trigger one out of the pre-defined K resources directly, e.g., by UL-related DCI. It should be noted that the CSI-RS overhead is always equal to K resources and the UE complexity is always equal to 1 resource for both two-step and one-step CSI-RS resource configuration methods. The two-step CSI-RS resource configuration has lower DCI signaling overhead than one-step trigger if the activation/release mechanism is achieved by MAC CE. However, the two-step scheme has lower flexibility as the UE can only choose one out of N but not K resources to measure CSI. It is a tradeoff between flexibility and signaling overhead and it highly depends on the exact value of K. If the overhead is acceptable for UL-related DCI, the step 2 can be bypassed.
Another open issue about aperiodic CSI-RS resource sharing is the possibility to support port sharing, i.e., using UL-related DCI carrying A-CSI request to trigger a subset of antenna ports. From a technical point of view, both resource sharing and port sharing achieve the same function of RE sharing among different UEs. Port sharing is even more flexible due to smaller RE granularity. However, the key concern for port sharing is the overhead of the indicator. Implicit trigger method e.g., use latest CRI, PMI to indicate part of the antenna ports in one CSI-RS resource can be adopted to reduce the overhead of port sharing. In this way, the CSI-RS port sharing can be achieved with an acceptable overhead. 
Proposal 1: Both K>N, K=N should be supported. 
Proposal 2: Aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports should be supported.
3.  Frequency domain CSI-RS resource sharing
As the simulation results provided in [1] show that the frequency selectivity of effective channel after beamforming decreases significantly if a higher beamforming gain is achieved. It is possible to reduce the BF CSI-RS density in the frequency domain to improve the efficiency of RS utilization.
According to the previous agreements, all antenna ports of a single CSI-RS resource configuration can be transmitted every N PRBs, where N = 1 (existing CSI-RS design), 2, and > 2. There are different ways to configure the low-frequency-density CSI-RS, following are two alternatives:
Alt. 1, pre-configured frequency-domain lower density CSI-RS.
Alt. 2, pre-configured wideband CSI-RS with dynamic configuration of frequency domain lower density CSI-RS
The key difference between Alt. 1 and Alt. 2 is whether dynamic CSI-RS resource configuration in frequency domain should be supported. It is more efficient to share the resource among different UEs, with dynamic resource configuration. As the aperiodic CSI-RS are used to achieve high-efficiency resource sharing in the time domain and the K resources discussed above can be considered as efficient resource sharing in the spatial domain, dynamic configuration of PRB locations can be considered to achieve more efficient resource sharing in the frequency domain. Hence, we propose that dynamic resource configuration should be supported in time, spatial, as well as frequency domain.    
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Figure 1: UE-specific resource allocation [2]
Figure 1 shows an example implementation of Alt. 2, which includes a joint usage of frequency domain and spatial domain resource sharing in a specific instance. For case 1, N = 1, only beam group 1 was transmitted and there are no resource sharing in frequency domain. For case 2, N = 2, two beam groups were transmitted in the same subframe. And there are more than one UE-specific CSI-RS resources that can be triggered for UEs in each beam group. 
A similar method of CSI-RS configuration in time domain can be adopted to realize the dynamic resource sharing in frequency domain. A new DCI parameter e.g., CSI-RS-SubbandConfig I’CSI-RS is defined, which indicates the RB/subbands where the BF CSI-RS would appear. Table 1 shows an example of the parameter configuration. 
Table 1: CSI-RS configuration parameters in frequency domain
	CSI-RS-SubbandConfig I’CSI-RS 
	CSI-RS periodicity T’CSI-RS (RB/subband)
	CSI-RS offset Δ’CSI-RS (RB/subband)

	0
	1
	I’CSI-RS

	1, 2
	2
	I’CSI-RS -1

	3-6
	4
	I’CSI-RS -3



For example, the parameter of UE 1is I’CSI-RS=3; UE 2 is I’CSI-RS=5; UE 3is I’CSI-RS=6, then the configuration in frequency domain can be illustrated as Fig.2.
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Figure 2: UE-specific resource allocation in frequency domain
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]Proposal 3: Pre-configured CSI-RS resource pool with dynamically triggered frequency domain lower density CSI-RS should be adopted.
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4. Summary
In this contribution, we discuss the aperiodic CSI-RS and frequency domain resource sharing. We have the following proposals.
Proposal 1: Both K>N, K=N should be supported. 
Proposal 2: Aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports should be supported.
Proposal 3: Pre-configured CSI-RS resource pool with dynamically triggered frequency domain lower density CSI-RS should be adopted.
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