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1 Introduction

In RAN plenary meeting #68, a new WI on LAA was approved and several functionalities are identified to be further studied [1]. CSI measurement and reporting is one of the most important functionalities. In this contribution, we will discuss the design of CSI reporting based on following options captured in [2] while CSI measurement is discussed in the companion contribution [3]. 
2 CSI reporting aspects for LAA
As captured in the LAA SI TR [2], the following design options are captured:

For the purpose of CSI reporting the following two options have been identified.
-
Support for both aperiodic and periodic CSI reporting for an LAA SCell
-
Support only for aperiodic CSI reporting for an LAA Scell
For both options above, the aperiodic CSI reports can be carried on PUSCH transmitted on a carrier in licensed spectrum or on an LAA SCell. It is recommended to follow the existing mechanism in CA for aperiodic CSI reporting (if no issue is identified), including potential additional Rel-13 CA enhancement(s) if no issue is identified for using Rel-13 CA enhancement(s), with the following addition

-
If the PUSCH containing aperiodic CSI is scheduled on LAA SCell and cannot be transmitted in the scheduled subframe on the scheduled carrier, the aperiodic CSI based on the same scheduling grant is not transmitted in another subframe or another carrier
We discuss several CSI reporting aspects for LAA in this section.
2.1 Aperiodic CSI reporting 
Since aperiodic CSI (A-CSI) report is dynamically triggered by DCI from eNB on demand, it is naturally suitable for discontinuous transmission on LAA cells. For example, eNB could trigger A-CSI report when the reference signals for CSI measurement are available. In another example, eNB could trigger A-CSI report when eNB is about to acquire the channel for data transmission, e.g. when the eCCA counter is close to zero. 

A-CSI triggering mechanism at the eNB side and A-CSI report format are two fundamental aspects for A-CSI reporting. 

The current A-CSI triggering supports A-CSI reports for up to two sets of CSI process(es) for one or multiple CCs (corresponding to  “10” and “11” of CSI request bits) and one set of  CSI process(es) for a default CC (corresponding to “01” of CSI request bits). These sets are semi-statically configured by RRC signaling. eNB could dynamically trigger one of these three sets by CSI request bits in UL grant.  For only up to 5 CCs on licensed band, the current A-CSI triggering could be sufficient. However, for the scenario with large number of aggregated CCs wherein most CCs are on unlicensed band, the three sets of CSI reports are insufficient. Because the availability of CSI resource on unlicensed CCs depends on CCA independently performed on each unlicensed CC, it is likely that some CCs/CSI process(es) of the semi-statically configured A-CSI report sets have no valid CSI resource unless the number of sets equals 2N-1, where N is the number of activated unlicensed CCs. In Rel-13 CA study, the aperiodic CSI request field would be increased to 3 bits to improve the flexibility of A-CSI triggering [4]. Obviously, 7 A-CSI report sets may still be inefficient especially for the large number of unlicensed CCs. Therefore, new triggering mechanism other than CSI request bits in UL grant would be required if we want to trigger the A-CSI report only for CCs with valid CSI resource. If so, the additional DL signaling overhead as well as the potential impact on rate matching of PUSCH carrying the A-CSI report should be taken into account.  
Observation 1: Either the current A-CSI triggering mechanism or the enhancement studied in eCA would be insufficient for LAA. Whether new triggering mechanism is required needs further study. 
If the current A-CSI triggering mechanism or the enhancement studied in eCA is reused for LAA, it is needed to specify the UE behavior upon receiving A-CSI triggering when some of the CCs/CSI process fails to transmit RS for CSI measurement. 
There’re three A-CSI report formats to be considered, 
· Alternative 1: The A-CSI report includes all the CCs/CSI process (es) being triggered. For each CC/CSI process, the CSI obtained in the latest valid CSI resource is reported. 
Since the interference measurement is not allowed when eNB does not occupy the channel, the valid CSI resource for interference measurement is defined as CSI resource (CRS or ZP CSI-RS) within the transmission period. As for valid CSI resource for channel measurement, it may be defined as reference signal (CRS or NZP CSI-RS) transmitted within the transmission period if LBT is required or just transmitted reference signal irrespective of channel occupancy status. 

Upon receiving A-CSI triggering, UE finds the CSI measured in the lasted valid CSI resource and reports in the corresponding UL subframe. It is exactly the same UE behavior as current CSI report except that UE has to identify whether there is valid CSI resource in the DL subframes by either blind detection of RS or detection of explicit L1 signaling to indicate the valid CSI resource other than pre-determined periodic CSI resource configured by high-layer on licensed CC. The details for the identification method of valid CSI resource at UE side are discussed in [3]. If there may be the ambiguity on valid CSI resource between eNB and UE, e.g.  eNB does transmit valid CSI signals while UE misses it, the CSI reported may be inaccurate. 

In addition, the CSI of latest valid CSI resource may be outdated. Because not all CCs/CSI process triggered to report could occupy the channel at the same time, the latency between the latest valid CSI resource on these CCs/CSI process and the reporting subframe is somehow uncontrollable. Consequently, those CSI report with long latency may be not useful. Such useless report would not only degrade the efficiency of UCI transmission but also put heavily burden on license carriers.

· Alternative 2: The A-CSI report includes all the CCs/CSI process (es) being triggered. For CC(s)/CSI process(es) without valid CSI resource, “out-of-range” CQI is reported.

Additional time-domain window is introduced on top of valid CSI resource defined in alternative 1. An example is shown in figure 1. The length of time-domain window is 5ms, i.e. from the subframe #n receiving the A-CSI triggering to the subframe #n-4. If the CSI resource is transmitted within the window, it is deemed as a valid CSI resource, otherwise, it is an invalid CSI resource. 
If there is no valid CSI resource observed by UE, the pre-defined CQI value, e.g. CQI index 0, is reported as OOR.  It is inherited from UE behavior when the CC has just been activated. 

The ambiguity of valid CSI resource between eNB and UE is alleviated by this method. However, the issue of wasted overhead of UCI is still unsolved.  
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                                             Figure 1 Illustration of time-domain window for valid CSI resource
·  Alternative 3: The A-CSI report only includes CC(s)/CSI process(es) with valid CSI resource. 

To save the UCI overhead, UE only reports the CSI for CCs/CSI process with valid CSI resource. The definition of valid CSI resource is same as that in alternative 2. Obviously, the UCI payload varies with the validity of CSI resource.  Since the UL-SCH multiplexing with UCI in PUSCH is rate matched around the CSI resource, the payload of UL-SCH also varies with the validity of CSI resource. In the case the UE miss the CSI resource or falsely detects the CSI resource on some cells, not only the UCI could not be correctly decoded but also the UL-SCH. Therefore, it is necessary to introduce the mechanism to ensure the same understanding of reported CSI at both eNB and UE side. One approach is to add CC/CSI process ACK/NACK signaling to explicitly indicate which LAA CC/CSI process is reported. The indication bits and CSI report should be separately coded and should target at least the same BLER performance as RI.    
Although the UCI overhead could be dramatically reduced with alternative 3 when the unlicensed cells are busy, the payload of A-CSI reporting for a large number of CCs is still a problem if most or all LAA cells fortunately have valid CSI resource at the moment.  Of course, it is not a LAA specific issue. It is generally an issue for CA with more than 5CCs which is under study now. 
Observation 2: UE behavior upon receiving A-CSI triggering when some of the CCs/CSI process fails to transmit RS for CSI measurement need to be specified.
Proposal 1:  New A-CSI reporting format could be studied with the consideration of the robustness and the resource efficiency of UCI.   
Considering the limited UE CSI processing capability, the spec restricts the maximum number of CSI processes triggered in one subframe to 5 from Rel-10. Yet it is feasible to loosen such restriction for LAA, if the increased number of CSI processes being triggered does not necessarily requires the increased CSI processing capability.  In other words, if the maximum number of CSI processes to be processed is still 5, the burden of CSI processing is kept the same irrespective of the number of CSI processes being triggered. Since the eNB knows how many CSI processes eNB transmitted CSI resource for, eNB could avoid triggering more than 5 CSI processes with valid CSI resource to some extent. In the case eNB triggers more than 5 CSI processes with valid CSI resource, simple priority rules could be considered without much standard effort [5].   
Proposal 2: The maximum number of CSI processes triggered in one subframe could be increased while keep the maximum number of CSI processes with valid CSI resource to 5.
It is also noted that the definition of CSI reference resource may need revision for LAA. On licensed band, CSI reference resource in time domain is defined by the valid downlink subframe.  On unlicensed band, it seems one more criterion should be added to decide the valid downlinks subframe, i.e. the subframe should be within the serving cell’s transmission burst. Then, whether partial downlink subframe could be considered as valid downlink subframe needs consideration. Furthermore, the relation between CSI reference resource to derive CQI and valid CSI resource to measure CSI needs careful studies.
Proposal 3: The definition of CSI reference resource may need revision.

2.2 Periodic CSI reporting 
During the SI, it has been argued that periodic CSI (P-CSI) reporting is not useful for LAA cells wherein the channel is not always available. One concern is P-CSI report may be wasted if LAA cell fails to access the channel for a long time.  However, there are still some scenarios where P-CSI reporting could be useful. For example, when the control signalling capacity is limited or the PUSCH on unlicensed cell containing A-CSI is frequently not available, the P-CSI report is more efficient, because it is transmitted autonomously without triggering signalling and carried by PUCCH on licensed cell. Besides, in any scenario, it is always beneficial if the eNB could get the timely CSI result to make a proper scheduling decision, especially for first several subframes. Thus, it is reasonable to support both P-CSI and A-CSI reporting, and eNB could configure one or both reporting modes on a need basis. 
Observation 2: Though P-CSI reporting may be less useful for unlicensed cells than licensed cells, there are some scenarios where P-CSI reporting is beneficial.
Proposal 4: P-CSI reporting could be configured by eNB in addition to aperiodic CSI reporting. 
Similar to A-CSI reporting, the availability of CSI resource for CSI reporting is undeterminable due to LBT. The identification of valid CSI resource at the UE side needs to be studied which is discussed in [3]. And the UE behavior for periodic CSI reporting when there is no valid CSI resource should be defined. Three alternatives discussed above could be applied. For both alternative 2 and alternative 3, the time-domain window for valid CSI resource may need modification. Unlike A-CSI reporting, RI and PMI/CQI for periodic CSI reporting is transmitted in different subframe with different periodicity. Then, the time domain window for RI and PMI/CQI is different as shown in Fig 2. How to deal with the CSI report with different validity of CSI resource for RI and PMI/CQI needs further study.  For alternative 3, PUCCH format fallback can be considered according to the number of valid CSIs. As agreed in eCA, multiplexing of periodic CSI reports of multiple cells is supported to reduce periodic CSI report dropping probability. New PUCCH format is to be introduced to carry multiple CSI reports. When the payload of CSI reports is so small (because of limited valid CSIs), UE could dynamically fallback to legacy PUCCH format (PUCCH format 2/2a/2b or PUCCH format 3). Note that it can be also considered for HARQ-ACK feedback for a LAA cell that UE configured PUCCH format 1b with channel selection dynamically fallback to PUCCH format 1a/1b when eNB does not occupy the channel.
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                    Figure 2 Illustration of valid CSI resource for periodic CSI reporting with time domain window
Another potential enhancement of periodic CSI reporting is the dropping rules in case of multiple CSI reports collision.  On top of current priority rules according to CSI reporting types and CSI process index and CC index, the carrier type should also be considered, i.e. the unlicensed cell and licensed cell. Considering the less opportunity of valid CSI resource on unlicensed cells, higher priority of CSI report of unlicensed cell with valid CSI resource seems more efficient.  On the other hand, if the ambiguity of valid CSI resource between eNB and UE could not be safely avoided, higher priority of CSI report of licensed cell is more robust. 
Proposal 5: Carrier type (unlicensed or licensed) could be added on top of current dropping rules in case of multiple P-CSI reports collision.
3 Conclusions
In this contribution, we analyzed the issues of aperiodic and periodic CSI reporting for LAA cells. We also discussed potential enhancement to improve the CSI feedback efficiency.  The following observations and proposals are made:

Observation 1: Either the current A-CSI triggering mechanism or the enhancement studied in eCA would be insufficient for LAA. Whether new triggering mechanism is required needs further study. 
Observation 2: UE behavior upon receiving A-CSI triggering when some of the CCs/CSI process fails to transmit RS for CSI measurement need to be specified.
Proposal 1:  New A-CSI reporting format could be studied with the consideration of the robustness and the resource efficiency of UCI.  

Proposal 2: The maximum number of CSI processes triggered in one subframe could be increased while keep the maximum number of CSI processes with valid CSI resource to 5.
Proposal 3: The definition of CSI reference resource may need revision.
Proposal 4: P-CSI reporting could be configured by eNB in addition to aperiodic CSI reporting. 

Proposal 5: Carrier type (unlicensed or licensed) could be added on top of current dropping rules in case of multiple P-CSI reports collision.
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