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1   Introduction
In this document, we discuss CSI measurement and reporting options for supporting LAA. 

2   Discussion

The following design options for CSI measurements and CSI reporting were agreed during the study item phase. 

· For the purpose of CSI measurement, if LAA supports CSI measurements on CSI-RS and CSI-IM (or only CSI-RS for TM9)

· NZP CSI-RS transmission may be subject to LBT

· The presence of NZP CSI-RS and CSI-IM in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling

· Potential subframes for NZP CSI-RS and CSI-IM:

· Opt 1-A: The potential subframes may be occurring periodically from UE perspective

· Opt 1-B: The potential subframes may be occurring aperiodically from UE perspective

· Opt 1-C: a combination of opt 1-A and opt 1-B

· Note: same or different options for NZP CSI-RS and CSI-IM is not precluded

· For the purpose of CSI measurement, if LAA supports CSI measurements on CRS

· CRS transmission may be subject to LBT

· The presence of CRS in a subframe is indicated implicitly or explicitly

· Note: indication may or may not involve signaling

· The following CSI reporting options have been identified

· Opt 2-A: Support for both aperiodic and periodic CSI reporting for an LAA Scell

· Opt 2-B: Support only for aperiodic CSI reporting for an LAA SCell

· For aperiodic CSI reporting:

· Opt 3-A: Aperiodic CSI can be reported on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell

· Opt 3-B: Aperiodic CSI can only be reported on PUSCH on a carrier in licensed spectrum

2.1 Potential subframes and indication
In LTE operation on a licensed carrier, reference signals (such as CRS, CSI-RS, CSI-IM) are typically transmitted periodically since the medium (i.e. frequency spectrum) is always assumed to be available as the operator has exclusive use of the spectrum. For CRS, the periodicity of transmission is 1 ms (CRS present in every DL subframe), while for CSI-RS/CSI-IM, the periodicity is configurable (e.g. 5/10/20/40/80 ms) and the offset (wrt SFN0) is also configurable. 
Due to LBT, the reference signals for CSI measurement (CRS/CSI-RS/CSI-IM) cannot always be transmitted as per the scheduled time-instances. To ensure that a downlink transmission burst from an eNB can contain CSI-RS, an eNB may have to perform some special handling if the potential subframes for CSI-RS are periodic. The eNB may have to adjust its LBT procedure (i.e. start at particular points in time to maximize possibility of CSI-RS transmission), or it may have to configure CSI-RS with the shortest periodicity (5 ms or lower) to ensure that a given downlink transmission burst can likely have at least one CSI-RS subframe. Such mechanisms either reduce flexibility/efficiency or can potentially increase overhead. Instead it is preferable to give eNB the flexibility to schedule CSI-RS transmission in any subframe of a downlink transmission burst. 
The actual CSI-RS transmissions from an eNB would likely occur aperiodically (due to LBT). From an eNB perspective, the potential subframes in which CSI-RS transmissions can occur can also be considered to be aperiodic. This enables an eNB to schedule CSI-RS in any downlink subframe in its downlink transmission burst and provides flexibility in terms of which downlink subframe (e.g., near the beginning of the burst) of the transmission burst carriers CSI-RS.  The UE can also be configured with periodic CSI-RS configuration (including allowing a 1ms CSI-RS periodicity for LAA) to provide sufficient eNB flexibility in CSI-RS transmissions. If CSI-RS is configured as part of the discovery signal, then similar to Rel-12, it can be possible to use such discovery signal for CSI measurement.  
 Detection of aperiodic CSI request trigger in a subframe can serve as an explicit indication that the subframe actually contains CSI-RS transmission. Also, there is a need to ensure that UEs (irrespective of whether aperiodic CSI request is triggered for a given UE) can receive data in that subframe. This implies that PDSCH should be rate-matched around the CSI-RS in the subframe. Similar to TM10, the PDSCH rate-matching around CSI-RS can be done using PQI-like signalling for indicating the ZP CSI-RS configuration to rate match around in the current subframe. The ZP CSI-RS configuration includes the resources for NZP CSI-RS and CSI-IM used in the subframe. In addition to ensuring  proper PDSCH reception for subframe with aperiodic CSI-RS, such PQI-like signalling also avoids unnecessary rate matching and overhead in subframes corresponding to periodic CSI-RS configuration (especially for shorter periodicities) which do not actually contain CSI-RS transmission.   
There are multiple ways of indicating that a reference signal for CSI measurement (e.g. CRS/CSI-RS/CSI-IM, etc) is present in a subframe: 
· Broadcast signaling (e.g. on Pcell CSS or based on preamble detection) 
· The benefit of broadcast signalling is a single message can indicate the presence of the RS to multiple UEs. This may require new L1 signalling similar to EIMTA-indication using DCI format 1C, and will consume resources on the common search space of the primary cell.  If a preamble is supported for LAA Scell, then CSI-related signalling within the preamble can also be supported.
· UE-specific signaling (e.g. via aperiodic CSI request trigger in the UL grant and using PQI-like signaling for rate-matching). 
· The benefit of UE-specific signalling is that reference signal indicator can be embedded in existing DCI message (e.g. DCI format 0, etc) sent to the UE. For instance, aperiodic CSI request in an UL grant sent to the UE can be used for presence indication in a subframe. With this approach, the indication can be provided only to UEs that are scheduled for uplink transmission of the CSI or scheduled with data on the downlink. 
Our view is that UE-specific signalling will provide much more flexibility than broadcast signalling and can be easily incorporated using existing signalling.  
Proposal 1: For CSI measurements, potential subframes for NZP-CSI-RS and CSI-IM may be occurring aperiodically or periodically (Opt 1-C) from UE perspective.
· 1ms CSI-RS periodicity should be supported for LAA in addition to the other CSI-RS periodicities supported for Rel12.
Proposal 2:  eNB indicates via UE-specific signaling if a  subframe contains CSI-RS 
· The UE uses a UE-specific NZP CSI-RS and CSI-IM configuration provided by higher layers for CSI measurements.
· The UE performs CSI measurements assuming CSI-RS is present only in the subframe where an eNB indication (CSI request trigger) of CSI-RS presence is detected.

· For PDSCH reception in a subframe, the UE performs rate-matching around CSI-RS resources based on eNB indication (PQI-like signalling in DL DCI selecting from higher-layer configured ZP CSI-RS configuration(s) and no CSI-RS in the subframe).
· CSI measurement based on discovery signal is not precluded.

2.2 Aperiodic vs Periodic reporting
In principle, both periodic and aperiodic CSI reporting can be supported for a LAA Scell. Currently periodic CSI reporting is triggered via higher layers, while aperiodic CSI reporting is triggered using L1 signaling (DCI). As noted earlier, the transmission of reference signal used for CSI measurement (such as CSI-RS or CRS) is aperiodic due to LBT.
For periodic CSI reporting, depending on the reporting interval configured, there may not be a valid CSI reference resource (or a valid CSI measurement value because RS transmission is suppressed due to LBT) to report in a given reporting instance. In such cases, there are two options for a UE: 
a. Drop the CSI report or report an invalid CSI (e.g. OOR) for the LAA Scell

i. This requires UE to detect that the reference signal transmission failed due to LBT, e.g. using some sort of RS detection or broadcast indication from the eNB. 

b. Report CSI for the LAA Scell anyways

i. In this case, the UE simply measures on the configured resources and reports CSI even though the eNB performs no transmission on those resources. Since eNB knows the CSI is invalid, it can discard the CSI. This option does not require any signaling from eNB or detection at the UE side of failure of reference signal transmission due to LBT. 
However, both the options for periodic CSI reporting lead to uplink resource inefficiency (reporting invalid CSI or in case of CSI report dropping, eNB may not be able to reuse the PUCCH resource), requires spec changes for dropping/priority rules, and unnecessary UE transmissions impacting battery life. 
Therefore, in our view, aperiodic CSI reporting is more suitable for LAA Scell. To reduce CSI overhead, compact aperiodic CSI reporting (as being discussed in the 32 CA context) can also be supported for LAA Scell. 
Proposal 3: Only aperiodic CSI reporting is supported for LAA Scell. 
3    Conclusions

We propose the following for CSI measurement and reporting for LAA:

Proposal 1: For CSI measurements, potential subframes for NZP-CSI-RS and CSI-IM may be occurring aperiodically or periodically (Opt 1-C) from UE perspective.
· 1ms CSI-RS periodicity should be supported for LAA in addition to the other CSI-RS periodicities supported for Rel12.
Proposal 2:  eNB indicates via UE-specific signaling if a  subframe contains CSI-RS 
· The UE uses a UE-specific NZP CSI-RS and CSI-IM configuration provided by higher layers for CSI measurements.

· The UE performs CSI measurements assuming CSI-RS is present only in the subframe where an eNB indication (CSI request trigger) of CSI-RS presence is detected.

· For PDSCH reception in a subframe, the UE performs rate-matching around CSI-RS resources based on eNB indication (PQI-like signalling in DL DCI selecting from higher-layer configured ZP CSI-RS configuration(s) and no CSI-RS in the subframe).
· CSI measurement based on discovery signal is not precluded.

Proposal 3: Only aperiodic CSI reporting is supported for LAA Scell. 
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