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1 Introduction
In 3GPP RAN1#86, it was agreed to support both aperiodic and multi-shot beamformed CSI-RS for eFD-MIMO [1]. A two-step NZP CSI-RS resource configuration is thus agreed for aperiodic and multi-shot CSI-RS. In the first step, a set of K CSI-RS resources are configured in one CSI process by RRC signaling. An activation and release mechanism is used to activate N out of K CSI-RS resources for CSI measurement in the second step. Once activated, the CSI-RS resource remains activated until released. In this contribution, we will discuss the activation/release mechanism for aperiodic and multi-shot beamformed CSI-RS and the detailed signaling design.
2 Discussion
For the design of the activation/release mechanism, it is preferred that the same mechanism can be used for both aperiodic CSI-RS and multi-shot CSI-RS. The benefit is to reduce the specification efforts. The difference between aperiodic and multi-shot CSI-RS is the configuration of CSI-RS resource in the first step, e.g., CSI-RS resource configuration without subframe-config for aperiodic CSI-RS and the configuration with subframe-config for multi-shot CSI-RS.

Proposal 1: The same activation/release mechanism shall be used for both aperiodic CSI-RS and multi-shot CSI-RS. 

According to the discussion in last RAN1 meeting, the following two alternatives for activation/release mechanism were proposed. One is to use the UL-grant and the other is to use MAC CE which is similar to Scell Activation/release. There are some differences between two solutions. Firstly, the UL-grant based solution could have higher error propagation than the MAC CE since the BLER for the UL-grant PDCCH is typically 1% compared to 10% BLER for MAC CE. Secondly, the UL-grant based solution could have low latency since the decoding of the UL-grant can be completed in a few OFDM symbols, and the earliest transmission time of the activated CSI-RS can be the next subframe immediately following the activation/release command. While for the MAC CE, the earliest time for transmission of the activated CSI-RS will be at least 4 subframes after the MAC CE subframe due to longer decoding time.
However, the determination of the activation/release mechanism shall not only consider the reliability and signaling latency but also the flexibility. For K CSI-RS resource configurations in the first step, it shall be possible to activate any of K CSI-RS and any combination of multiple CSI-RS configurations as long as total number of activated CSI-RS is no more than Nmax. Therefore, it is preferred to use a K-bits bitmap to indicate one or multiple CSI-RS resources to be activated or released, e.g., 1 for activation and 0 for release. In such case, it would be very difficult by using the existing field in the UL-grant since the maximum value of K can be 8. 
Secondly, the activation/release mechanism shall support cross-carrier scheduling. It is noted that the activation/release is defined per CSI process for each serving cell. If multiple CCs or CSI processes are configured to the UE, there is a need to activate/release the CSI-RS resources for more than one CSI processes and/or multiple CCs at one time. For the UL-grant based solution, only the CSI-RS resources in one CSI process of the serving cell same as UL-data transmission can be activated or released due to limited payload. It would be difficult to support cross-carrier activation/release when the serving cell of the activated CSI-RS is different from the serving cell configured for the UL-data transmission. However, for the MAC CE based solution there is no such problem. The activation/release can be performed for multiple CSI processes and/or multiple CCs in one transmission. As shown in Figure 1, one or multiple activation/release components can be included in the MAC CE each consisting of CC index, CSI process index and K-bit CSI-RS bitmaps. Generally there is no limitation on payload size on MAC CE it shall be possible to activate/release the CSI-RS resources for all the configured CSI processes in all the configured CC.
Overall, while the UL-grant based solution can be more reliable and has low latency, it has an inherent restriction due to limited payload. MAC CE can be more flexible to support cross-carrier activation/release. In terms of specification impact, MAC CE is also simpler. Therefore, we prefer to use the MAC CE for CSI-RS activation/release.
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Figure 1: Example of MAC CE for CSI-RS activation/release
Proposal 2: The CSI-RS activation/release mechanism can be based on the MAC CE. 

Another thing about the activation/release mechanism is the signaling latency, e.g., the minimum interval between the activation/release command and the transmission of CSI-RS. Considering 10% BLER of MAC CE transmission, it is preferred that the CSI-RS can be transmitted after the eNB has received the acknowledgement for the MAC CE from the UE to avoid potentially misalignment between eNB and UE. In other words, CSI-RS can be transmitted started in subframe n+8 at the earliest for the activation/release command received in subframe n. It is noted that this is also aligned with timing for Scell activation/deactivation, e.g., CQI measurement started in subframe n+8 at the latest. In such case, the UE will report the CQI based on the activated CSI-RS from subframe n+12. If the UE does not correctly received the MAC CE in subframe n, then the eNB could retransmit the CSI-RS activation/release in subframe n+8. Therefore, different from Scell activation/release, there is no need to report OoO since the eNB and UE are fully synchronized in terms of the activated CSI-RS resources if the transmission of the activated CSI-RS is started in the subframe n+8 at the earliest.
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Figure 2. Example of timing for CSI-RS activation/release
Proposal 3: The minimum interval between the activation command and the transmission of CSI-RS shall be 8ms. 

3 Conclusions
In summary, we discuss the activation/release mechanism for aperiodic CSI-RS and multi-shot CSI-RS. We make the following proposals:

Proposal 1: The same activation/release mechanism shall be used for both aperiodic CSI-RS and multi-shot CSI-RS. 

Proposal 2: The CSI-RS activation/release mechanism can be based on the MAC CE. 

Proposal 3: The minimum interval between the activation command and the transmission of CSI-RS shall be 8ms. 
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