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1. Introduction

In RAN1#86 meeting two mechanisms for aperiodic CSI-RS transmission were agreed (c.f. [2])
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 
In this contribution we discuss the remaining FFS issues from the last meeting. 
2. Discussion
2.1. Value of N and K
It is FFS whether N is always equal to K, or it is possible that N and K can be configured as equivalent values in the activation/deactivation step. K is the number of semi-static RRC CSI-RS resources configured in the first step, and N is the number of CSI-RS resources semi-persistently activated/deactivated in the second step.
Once K CSI-RS resources are RRC configured, there are two ensuing steps, which serve different purposes.
· Step 2 (semi-persistent activation/deactivation) is to reduce the UE implementation complexity. Specifically, once N CSI-RS resources are semi-persistently activated/deactivated, UE implementation needs to track only N CSI-processes as opposed to K>N CSI-process. Hence, a UE with lower CSI processing capability can potentially claim it can support a higher nominal capability value. If the value of N and K are always the same, step 2 is unnecessary, and the UE shall always be prepared to measure all K RRC configured CSI-RS resources. 
· Step 3 (dynamic CSI-RS triggering) is to provide dynamic CSI-RS management flexibility from the network perspective, which is the main motivation for one-shot CSI-RS.  As this step allows CSI-RS to be dynamically changed per-subframe, it reduces the traditional RRC configuration delay of legacy CSI-RS.
Regarding UE implementation complexity reduction, as discussed in a previous contribution (c.f. [3]), our view is that aperiodic CSI-RS without subframe configuration does not result in major impact to UE implementation compared to the Rel.13 baseline. The main benefit of step 2 is to allow a UE with a lower actual UE capability (N) to claim a higher nominal capability (K) which is more of an optimization than an essential function. On the other hand, step 2 increases the activation/deactivation delay if the network needs to dynamically trigger one from the K configured CSI-RS resources; hence the benefits of UE complexity reduction comes at the cost of CSI-RS configuration delay of step 2. A tradeoff between these pros and cons need to be considered. 

For advanced UE implementation which can dynamically select any of the K CSI-RS resource, it should be possible to dynamically use any of the K CSI-RS resources, without the step of semi-persistent CSI-RS activation/deactivation. This allows the network to harness the full CSI-RS dynamic management flexibility. Hence, step 2 should be able to be configured ON/OFF. 
Proposal: Semi-persistent CSI-RS activation / deactivation (step 2) can be configured ON/OFF. 
2.2. Semi-persistent activation/deactivation 

It was agreed in RAN1#86 to down-select from the following two activation/deactivation mechanisms. 

· Alt1. Using UL grant(s)

· FFS: Support for cross-carrier activation/release

· Alt2. Using MAC CE

It is noted that step 2 is to alleviate UE implementation impact as proposed by UE vendors, rather than enhancing CSI-RS configuration flexibility. CSI-RS configuration flexibility is fully addressed by step 3. Optimizing step 2 activation/deactivation mechanism does not add any further CSI-RS triggering flexibility on top of step 3.  Reusing existing MAC CE mechanism in LTE is sufficient. 
Proposal: Adopt Alt-2 (MAC CE)
2.3. Dynamic CSI-RS triggering 
It was agreed that one out of the N CSI-RS resource is dynamically selected with UL DCI, where there are two possible candidates for the selection mechanism. 
· 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

In legacy LTE, CSI-RS is semi-statically configured while CSI is dynamically triggered. CSI-RS is assumed always present, while a single CSI is dynamically reported when triggered by the eNB.
With aperiodic CSI-RS, both CSI-RS and CSI-process are dynamically triggered. There is a one-to-one mapping between the CSI-RS and CSI, as a dynamically reported CSI is calculated based on a dynamically transmitted CSI-RS. Hence, dynamic CSI-RS and dynamic CSI are a tightly coupled pair that are always triggered (or not triggered) together. Hence, it is straightforward to reuse the existing aperiodic CSI triggering field for aperiodic CSI-RS triggering as well. 
Proposal: Reuse the existing aperiodic CSI triggering field for aperiodic CSI-RS triggering. 

In Rel.13, up to 32 CCs can be activated for a UE, where for each CC up to 4 CSI-processes can be configured. A 2-bit CSI triggering field is included in the UL grant, where each of the four states corresponds to a set of higher-layer configured CSI-process (which can be of the same or different CCs). The existing TM10 CSI triggering field should be reused for dynamic CSI-RS triggering.  If 2-bit is considered not sufficient, extending the triggering bitwidth to 3- or 4-bits can be considered, taking into account the scheduling flexibility and UE implementation cost.  Each of the pre-configured states of the triggering fields corresponds to a set of pre-determined “CSI-RS” resources, equivalently a set of CSI-processes. 
Proposal: Consider n-bit CSI-RS/CSI triggering field, where n=2 is a starting point. 
· Each state corresponds to a pre-configured set of “CSI-RS”, based on which aperiodic CSI is calculated.
3. Conclusions

In this contribution we discussed the remaining FFS issues for aperiodic CSI-RS transmission. Based on the discussion our proposals are summarized below. 

Proposal: 
 Semi-persistent CSI-RS activation / deactivation (step 2) can be configured ON/OFF. 
Proposal: 
Adopt Alt-2 (MAC CE) for activation/deactivation.
Proposal: 
Reuse the existing aperiodic CSI triggering field for aperiodic CSI-RS triggering. 

Proposal: 
Consider n-bit CSI-RS/CSI triggering field, where n=2 is a starting point. 

· Each state corresponds to a pre-configured set of “CSI-RS” resources, based on which aperiodic CSI is calculated.

References

[1] Chairman Notes, RAN1#86, Gothenburg, Sweden, 22th – 26th Aug. 2016

[2] R1-168046, “WF on aperiodic CSI-RS for Rel.14,” Samsung, Nokia, ASB, KT, Ericsson, LGE, InterDigital, Qualcomm, AT&T, CHTTL, Xinwei, Straightpath, ITL, RAN1#86, Sweden, August 2016
[3] R1-166442, “Support of aperiodic CSI-RS,” CATT, RAN1#86, Sweden, August 2016


