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1
Introduction
The Study Item “Study on Licensed-Assisted Access using LTE” was approved in RAN#65. The Study aims at determining a single global solution which enhances LTE to enable licensed-assisted access to unlicensed spectrum while coexisting with other technologies and fulfilling the regulatory requirements. As a natural starting point, commonality with existing functionalities should be maximized, when possible. 
One important aspect in LTE LAA system design is CSI reporting, which is also somewhat directly related to the supported transmission modes. Some related agreements were reached in RAN1#80bis:

 Agreements:
Below is a list of design options for CSI measurements, CSI reporting, and transmission schemes for LAA, for the case that LAA supports the transmission of CRS and/or CSI-RS and/or CSI-IM.

· 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

· The following options for supported transmission schemes have been identified

· Opt 4-A: DMRS-based demodulation and CRS-based demodulation for PDSCH

· Opt 4-B: Only DMRS-based demodulation for PDSCH

· Further down selection of the supported transmission schemes is possible for the options above

In this contribution we discuss these aspects.  
2
Discussion
2.1
Periodic CSI reporting
Periodic CSI reporting on PUCCH has been often assumed to be the fundamental mode of providing eNodeB information on the UEs’ channel conditions. Based on the rather frequent periodic CSI reports the eNodeB can make the decision on which UEs to schedule and, if needed, request the UE to provide a more elaborate Aperiodic CSI reports on need basis. 
The benefits of periodic CSI reporting are apparent also in the case of LAA operation: getting wideband CSI without any associated DL overhead is beneficial just like in the case of normal, licensed band operation. Moreover, since in LAA the number of scheduled users may often be low, and wideband allocations may be needed to fulfil the regulatory requirements regarding bandwidth, there may not always be a particular need for frequency selective CSI reporting facilitated through aperiodic CSI reporting. 

Proposal #1: Periodic CSI reporting is supported in LAA.

The current periodic CSI reporting schemes have their shortcomings though. In Rel-10 the CA was primarily optimized for two CCs and it was seen as sufficient to not allow for multiplexing of periodic CSI reports for multiple CCs in one subframe. Instead, in case of a collision the agreement is to drop all reports but one according to a predefined priority order.  In LAA, the increasing requirements for CSI reporting due to larger number of utilized carriers makes this kind of operation difficult, as it is simply not possible to provide even wideband CSI in CA scenarios with more than 5 CCs without reports frequently colliding and being dropped. This short-coming is not LAA specific but is a general issue when increasing the number of CCs in carrier aggregation operation. Therefore, as discussed also in relation to CA enhancements in [1] we see it as necessary to support multiplexing of several (exact number FFS) periodic CSI reports in a single subframe.

Proposal #2: Transmission of multiple periodic CSI reports during one subframe shall be supported in Rel-13.

The requirement for Listen-Before-Talk, and the resulting need for dynamic ON/OFF aka discontinuous transmission slightly complicates periodic CSI reporting. This is due to the fact that reference signals used for channel and/or interference measurements cannot be assumed to be present strictly periodically. Moreover, according to an agreement from RAN1 LAA AdHoc meeting “Interference measurement for CSI is not allowed outside of the serving cell transmission periods”. As a consequence, the UE will need to be able to determine when the CSI measurements may take place. Two main options can be foreseen to cope with this issue: The UE may blindly detect the presence of reference signals (e.g. PSS/SSS/CRS) and hence conclude whether the serving eNodeB is occupying the channel or not. Alternatively, the eNodeB may explicitly indicate to the UE e.g. at the beginning of a transmission burst the subframes in which the CSI measurements for periodic CSI reporting can be made. We see that further studies are needed on the pros and cons of these options.
A related issue is the UE behaviour upon reporting periodic CSI when LBT has prevent transmission of RS needed for CSI measurement. Based on the current LTE specifications, three types of UE behaviour could be considered for determining the CSI reference resource:

· Alternative 1: The UE reports the measurements performed in the latest valid downlink subframe. The drawback of this approach is that the reports may be outdated due to the fact that LBT might have prevented RS transmissions. Therefore, the measurement may not be very useful in case the gap in time between the latest valid subframe and the time of the reporting is large.

· Alternative 2: The UE omits the reporting of periodic CSI when there are not RS available for the CSI measurement. Obviously, the eNodeB knows when there RS for CSI measurement have not been transmitted due to LBT, and can hence anticipate that the UE is not reporting any CSI. However, in case the UE falsely assumes that the RS for CSI measurements are present (or absent), this option may be more prone to signalling errors due to UCI multiplexing. 

· Alternative 3:UE does not take eNodeB’s LBT/discontinuous transmission into account in CSI measurements and reporting.  CSI measurement performed at a times when RS were not present will likely result in the UE reporting an “out-of-range” CQI. The drawback with this option is the unnecessary UL overhead (and potentially interference) for due to the reports measured when eNodeB was not occupying the operating channel. As the eNB is aware of the times it was able to transmit RS for CSI measurement subject to LBT, it will just neglect CSI reports of time instances where RS transmissions had not been possible.
We see that further study is needed regarding the exact UE behaviour with periodic CSI reporting including the details for above alternatives. 

2.2 Aperiodic CSI reporting 
Aperiodic CSI reporting is another CSI reporting mechanism supported in LTE. A-CSI allows for requesting CSI reports on a per-need basis by triggering them via UL grant. Compared to periodic CSI reports, Aperiodic CSI reports are mode detailed, providing also frequency domain information about the CQI and/or PMI. Consequently, the payload size of Aperiodic CSI reports is also significantly larger than that of periodic reports.

In a typical LTE LAA scenario, the aggregation of several carriers is expected. As discussed in [1], the current A-CSI triggering mechanism proves to be clearly insufficient when the number of carriers increases for CA operation (including LAA):

· Explicit RRC configuration of reported carriers is impractical when the number of CCs is large. This is due to the reason that in practice the payload of Aperiodic CSI reports cannot be more than a few hundred bits, or otherwise the coverage of the reports is severely compromised. Therefore, one A-CSI report cannot include the detailed, frequency selective CSI for more than a few carriers.  


· Implicit indication of the reported carrier (codepoint ‘01’) is also suboptimal, since it provides feedback for one CC only, which is clearly insufficient when the number of carriers is increased up to 32.

As discussed above, with an increased number of supported DL carriers, the coverage of the Aperiodic CSI reporting becomes a bottleneck. According to the current A-CSI reporting framework, one A-CSI reporting mode is configured for each CC semi-statically. Given the large payload size of current-A-CSI reporting modes, it becomes challenging to obtain A-CSI for all CCs. One simple improvement to the current situation would be to define one or more new, compact, A-CSI reporting modes (e.g. similar to current periodic wideband CSI reporting modes 1-0 and 1-1), and to allow for dynamic switching between at least two A-CSI modes, e.g. the existing ones (1-2, 2-0, 2-0, 3,1, 3-2), and the compact ones. Note, that such considerations are in general applicable to CA enhancements beyond 5 CCs and are not considered as LAA technology specific.
Proposal #3: Enhance the flexibility of A-CSI triggering by allowing for more flexible indication of the reported carriers and dynamic switching between A-CSI reporting modes.
2.3


LAA DL Transmission modes
As legacy UEs cannot operate on LAA carriers, there is no strict limitation with respect to backwards compatibility. Furthermore, there is no need to enforce the same DL transmission mode to be applied in the all DL subframes. This opens a door for optimizing the DL transmission to suit the desired scenario. In principle, two main options exist:

· Option 1: Subject to LBT, CRS are transmitted in each DL subframe: legacy DL TMs can be re-used, PDCCH & EPDCCH are available

· Option 2: CRS are not transmitted (except potentially to assist synchronization): 
· a new DL TM(s) needs to be introduced, 
· only EPDCCH available,
· signalling of some common/LAA cell specific information by broadcast message would require further considerations
The choice of transmission modes for LAA should be seen also from the perspective of available CSI feedback. Open loop and closed loop transmission schemes would have different signalling support needs from the UE. In an environment where transmission is subject to LBT and consequently interference fluctuation is rapid, it looks like the open loop techniques would have an edge in their applicability and could be prioritized to closed loop schemes. This may imply that transmit diversity and LD-CDD based on CRS could be good candidates for LAA operation, sustaining a wide range of applicability from good coverage operation (TxD/TM2) to good throughput in high mobility (LD CDD/TM3).  

In the following we give some considerations regarding the two options above:

Option 1: This is a straight forward option. Transmitting CRS in the DL subframes allows for simple and fast implementation of LTE LAA, relying very largely on exiting functionalities. Same (or at least largely similar) TMs can be applied as in the normal licensed band LTE operation, including the possibility for both CRS and DM RS based demodulation. Moreover, the downlink control information can be carried using either PDCCH or EPDCCH (if configured). The availability for CRS could be used to indicate certain LAA cell-specific broadcast information including e.g. PLMN-ID, validity of DL subframes, etc.
Option 2: Another possible mode of operation for LAA DL subframes is to omit CRS altogether (except maybe for synchronization purposes) and solely rely on DM RS and EPDCCH for data demodulation. The benefits of this alternative include further reduced overhead due to elimination of CRS in case DM RS based demodulation is preferred. This leads into a frame structure which is very similar to that of NCT, studied in Rel-12. The resulting standardization as well as implementations efforts are expected to increase compared to Option 1, since e.g. transmit diversity, required for robust fallback operation is currently not supported in for DM RS based demodulation. Moreover, some new ‘common reference signal’ might be required in order to enable cell-specific broadcast type of transmissions anyway. Nevertheless, we are open to consider supporting also this more of operation for LAA.
Proposal #4: Both CRS as well as DM RS based demodulation shall be supported in LAA.
3
Conclusion
In this contribution we have discussed the aspects related to CSI reporting and transmission modes for LTE Licensed Assisted Access. We make the following proposals:
Proposal #1: Periodic CSI reporting is supported in LAA.

Proposal #2: Transmission of multiple periodic CSI reports during one subframe shall be supported in Rel-13.

Proposal #3: Enhance the flexibility of A-CSI triggering by allowing for more flexible indication of the reported carriers and dynamic switching between A-CSI reporting modes.
Proposal #4: Both CRS as well as DM RS based demodulation shall be supported in LAA.
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