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The following agreement on aperiodic CSI-RS was made in RAN1#86 [1]:
	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
· Only PUSCH based A-CSI reporting is supported
· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI
· FFS: Whether to CSI reference resource definition needs to change when aperiodic CSI-RS is used or not
· Whether and, if needed, how to support CSI processing relaxation for aperiodic CSI-RS are TBD
· FFS: Possibility to support aperiodic CSI-RS with K=1 and trigger (using UL-related DCI carrying A-CSI request) a subset of antenna ports.
“Multi-shot” CSI-RS
· Two-step NZP CSI-RS resource configuration:
· Step 1. RRC configuration with a Rel-13 periodic CSI-RS-Resource-Config IE
· 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 transmission of N CSI-RS resources 
· Once activated, a CSI resource remains activated until released
· 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 
· CSI reporting
· N=1: CQI/PMI/RI is reported
· N>1: CRI (=0,1, …, N – 1) is reported along with CQI/PMI/RI associated with the reported CRI value 



This contribution focuses on how to resolve the highlighted FFS points in order to complete the specification of aperiodic CSI-RS and “multi-shot” CSI-RS. 
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The first issue for aperiodic CSI-RS addressed in this contribution is the activation/release mechanism for CSI-RS resource selection. From previous contributions and the above agreement, the following two alternatives can be identified for activating N out K RRC-configured NZP CSI-RS resources.
· Alt1. Activate/release N out of K resources using UL grants 
· Alt1-A. Activate/release N resources with one UL grant
· Alt1-B. Activate/release one resource at a time, each using one UL grant 
· Alt2. Activate/release N out of K resources using MAC CE.
For Alt1, a DCI format which differs from the UL-related DCI format is used for triggering A-CSI. A different format is needed since the DCI format used for triggering A-CSI (and includes some code points for selecting 1 out of N CSI-RS resources) must be different from the format used for activating/releasing N (out of K) CSI-RS resource(s). This DCI format can be masked either with a new UE-specific RNTI designed for this activation/release mechanism or with the existing UE-RNTI. 
The additional signalling overhead for each use of this DCI format is as follows:
· Alt1-A, a DCI field in an UL-related DCI which selects N out of K CSI-RS resources is required. The required number of code points for this DCI field is  code points (hence  bits, unless some code points from the existing DCI field(s) are reused). For this alternative, another usage of such an UL grant for releasing N previous activated CSI-RS resources is not needed. This is because the previously activated N resources are implicitly released when the UE receives another UL grant containing a DCI field which activates (another subset of) N resources. 
· Pros: Single use of an UL grant for the purpose of activation, no need for an additional UL grant usage for release
· Cons: The DCI field used for resource selection tends to require more code points (hence more DCI overhead).
· Alt1-B, a DCI field in an UL-related DCI which selects 1 out of K CSI-RS resources is required. The required number of code points for this DCI field is  code points (hence  bits, unless some code points from the existing DCI field(s) are reused). However, to activate or release a total of N CSI-RS resources, this DCI format needs to be used N times. The value of N at a given subframe is therefore a variable since only one CSI-RS resource is activated or released in a given subframe. Therefore, the UE needs to keep track of how many CSI-RS resources are active in a given subframe. Consequently, another usage of such an UL grant for releasing a preciously activated CSI-RS resource is needed.  
· Pros: The DCI field used for resource selection tends to require fewer code points (hence less DCI overhead). 
· Cons: Multiple (N) uses of an UL grant for the purpose of activating N resources, need for an additional UL grant usage for release. 
These two sub-alternatives are illustrated in Figure 1 with N=2 used as an example. As evident, to switch from size-2 subset 1 to size-2 subset 2 requires only 2 UL grant usages for Alt1-A as opposed to 6 UL grant usages for Alt1-B. While Alt1-B tends to be more flexible, the additional complexity and UL grant usages may outweigh its benefit. 
Alt2 works quite similarly to Alt1-A. That is, a size-N subset (out of K RRC-configured CSI-RS resources) is activated when a MAC CE signalling containing a ‘subset activation’ message is received by the UE. This size-N subset remains activated until another ‘subset activation’ message (indicating a possibly different size-N subset) is received. Therefore, no additional MAC CE signalling is needed to release the previously activated N resources. The main difference lies in the trade-off between decoding latency and error protection. That is, Alt2 incurs higher latency since it involves MAC layer. However, the message is also better protection from error. In addition, Alt2 can simply reuse the existing MAC CE mechanism without introducing any new DCI format for activation/release. 
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Observation: 
· The activation/release latency for Alt1 (UL-grant-based) is lower than for Alt2 (MAC CE based) at the expense of less error protection.
· The overall specification impact (RAN1/2) associated with Alt1 is higher compared to Alt2. 
· Alt1 seems to require designing new DCI formats and potentially new RNTI(s).

The second issue for aperiodic CSI-RS pertains to signalling the choice of 1 out of N activated aperiodic CSI-RS resources in the designated UL-related DCI format. The 1st alternative (using code points of the existing DCI field(s)) tends to minimize DCI overhead compared to the 2nd alternative (introducing a new DCI field). This saving, however, comes at the expense of feature restriction and/or forward compatibility as some of the code points from other PUSCH-related features are borrowed to support aperiodic CSI-RS resource selection. Some careful study may be needed to decide which feature(s) can be compromised. 
Furthermore, it should be noted that if the value of N is relatively small (e.g. 2 or 3), the additional DCI field does not incur significant overhead.  

Based on the above observation, the following proposals are made for aperiodic CSI-RS.
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Proposal: For aperiodic CSI-RS:
· MAC-CE-based activation/release mechanism is slightly preferred in light of the trade-off between latency and Rel.14 specification impact.
· The value of N can either be fixed (to, e.g. 2 or 3) or configurable via higher-layer signalling 
· Introduce a new -bit DCI field to indicate selection of 1 out of N activated CSI-RS resources. 

“Multi-shot” CSI-RS 
Since there is no strong reason to use a different activation/release mechanism for “multi-shot” CSI-RS, the same scheme described in section 2 will also be used for “multi-shot” CSI-RS.

Proposal: The same MAC-CE-based activation/release mechanism is used for aperiodic and “multi-shot” CSI-RS.
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To complete the specification support for aperiodic and “multi-shot” CSI-RS in Rel.14, the following proposals are made:
· For aperiodic CSI-RS:
· MAC-CE-based activation/release mechanism is slightly preferred in light of the trade-off between latency and Rel.14 specification impact.
· The value of N can either be fixed (to, e.g. 2 or 3) or configurable via higher-layer signalling 
· Introduce a new -bit DCI field to indicate selection of 1 out of N activated CSI-RS resources. 
· The same MAC-CE-based activation/release mechanism is used for aperiodic and “multi-shot” CSI-RS.
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