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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In the RAN #66 meeting, a new work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was approved [1]. The objectives of the WI are to define support for PUCCH on SCell for CA and to enhance the carrier aggregation of up to 32 component carriers (CC). The use cases for CA up to 32 CCs include CA within licensed spectrum or CA in licensed and unlicensed spectrum. In this contribution, it is proposed to consider in this WI the support for different types of carriers in CA, one example of such is to support a carrier type for licensed CCs and another carrier type for LAA CCs.
Motivations for carrier type definition and configuration considering LAA carriers
In this WI, carrier aggregation may incorporate CCs in licensed spectrum and unlicensed spectrum. For simplicity, the latter is referred to as LAA CCs while the former non-LAA CCs. The operations and procedures on LAA and non-LAA CCs can be quite different, and UE has to be aware of whether a CC is a LAA one or a non-LAA one. 
For example, the DRS on a non-LAA CC is guaranteed to be transmitted in particular locations in time, and such locations are signalled to the UE. From the UE point of view, it assumed the presence of the DRS exactly at the signalled locations, so if DRS is not detected at the locations, the UE's RSRP measurement behavior may be impacted, such as updating the current RSRP with an invalid measurement value, or some undefined UE behavior may arise. In contrast, the DRS on a LAA CC cannot be guaranteed to be transmitted in particular locations in time; at least two options are listed in TR 36.889 [2]. For option 1, DRS may be missing from the signalled locations, and for option 2, DRS may be transmitted at non-predetermined locations. Thus, if DRS is not detected at one location, the UE may look for DRS at the next possible location, and until DRS is detected, the UE shall not update it current RSRP. Therefore, it seems necessary for the UE to know the type of the CC in order to well define the UE behavior.
For another example, the DRS on a non-LAA CC do not ensure that the DRS transmissions are contiguous in time. That is, there may be some OFDM symbols where no physical signal is transmitted if there are no data transmissions in the subframes carrying the DRS. On the other hand, LAA DRS, though not yet designed, has to ensure that transmission bursts containing DRS signals should consist of contiguous OFDM symbols where some signals are transmitted, and such signals may (or may not) carrier some information for the UE to detect. Once again, the UE should be aware of the type of the CC.
In addition to measurement related issues, other issues, such as PDSCH transmission starting location in a subframe, etc., exist. Therefore, it is observed that:
Observation 1: To well define UE behavior, it is necessary to define carrier types and indicate the carrier types to UE.
Possible options for the indication
There are several options for the indication of carrier types:
· Option 1: Explicit indication by association to the band in the standards
In the standards specification, it may be defined that for any carriers in a certain band, say, the unlicensed band, the UE shall apply a set of behavior different from a set of behavior associated with other bands (e.g., licensed bands). In other words, the UE shall be able to derive the carrier type based on the band where the carrier is located.
· Option 2: Explicit indication by configuration signalling
The indication may be explicit, such as signalling a UE which CCs are of which type. 
· Option 3: Implicit indication by configuration signalling
The indication may be implicit, such as if additional signals are transmitted in a DRS-carrying subframe, or there is a timing window for the UE to receive DRS, then the associated CC is assumed to be a LAA CC, otherwise the CC is assumed to be a non-LAA CC. 
For any of the options, since there may be a number of type-specific operations for each type, if the UE receives information about one type-specific operation, it shall apply other operations specific to this type to the CC.
There are pros and cons for the options. For example, for Option 1, it may limit the enhancements made in the LAA WI to the unlicensed carriers, and licensed carriers may not be able to enjoy those enhancements. In addition, there may be motivations that more than 2 types of carriers are defined, e.g., one type of licensed carriers adopt some DRS enhancements from the LAA WI, while another type of licensed carriers adopt some discontinuous transmission enhancements from the LAA WI. In such cases, Option 2 and Option 3 may need to be considered. Further study should be done in determining which option should be adopted.
Observation 2: Further study should be done for carrier type indication to the UE.
Conclusion
In this contribution, the following is observed: 
Observation 1: To well define UE behavior, it is necessary to define carrier types and indicate the carrier types to UE.
Observation 2: Further study should be done for carrier type indication to the UE.
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