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1 Introduction

In RAN1 #78bis meeting, it was agreed that carrier selection is one of the identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system [1]. The motivations, overall solutions, and potential specification impacts of carrier selection/switching for LAA are discussed in a companion contribution [3]. 

In this contribution, a specific aspect for carrier selection/switching, namely the carrier configuration, is further discussed in details. See also a companion contribution [4] for the signalling and procedure for fast carrier selection/switching for LAA, [5] for overall discussions of carrier selection/switching support in the WI for carrier aggregation enhancements, [6] for measurements for LAA operations including carrier selection/switching operations.
The following terminologies are used throughout the contribution: 

Carrier selection: The selection of a subset of carriers available at the network, performed by the eNB;

Carrier switching: The switching from one carrier to another carrier, performed by the UE as instructed by the eNB.
In other words, carrier switching specifies the operations performed by the UE to support eNB's carrier selection actions.

Note that carrier selection/switching can be done semi-statically (i.e., semi-static carrier selection/switching, generally in the time scales of tens of milliseconds and longer) or dynamically (i.e., dynamic or fast carrier selection/switching, generally in the time scales of at most a few milliseconds). The discussions in this contribution apply to both the semi-static and dynamic carrier switching unless otherwise specified. 

2 Carrier configuration for UE support of carrier selection
One component to support efficient carrier switching is Scell configuration enhancement, i.e., configuring a UE with a number of carriers that can potentially exceed the maximum number of carriers over which the UE can aggregate PDSCH. As discussed in [3], if the carrier switching is among the configured carriers, no configuration signalling is needed, and likely very recent RRM measurements for these carriers are available, thus reducing the transition delays incurred by SCell configuration and UE measurements. This can benefit both semi-static carrier switching and fast carrier switching. 
To see how carrier switching works, the following carrier switching example operation procedures are compared. In this example, we assume the eNB supports 8 carriers whereas the UE supports up to 5 carriers for simultaneous PDSCH reception, and a UE switches from an initial set of 5 carriers to another set of 5 carriers:
· Procedure 1: baseline semi-static carrier switching using legacy mechanisms
(1) The UE is configured with an initial set of 5 CCs;

(2) The network configures the UE for inter-frequency neighbour cell measurements for the other 3 carriers; 

(3) The UE performs measurements (during measurement gaps, in general) of the 3 carriers and reports to the network; 

(4) The network reconfigures the SCells for the UE with a RRC signalling, which indicates 3 current SCells are removed and the 3 inter-frequency neighbour cells are added as SCells, and other configuration information is also transmitted, such as cross-carrier scheduling information, transmission modes, etc., for the new set of 5 CCs. The newly added 3 SCells are initially deactivated;
(5) The network activates the newly added SCells for data transmissions, with MAC signalling;
(6) The steps (2)-(5) are repeated if switching to a different set of 5 carriers is needed.

· Procedure 2: semi-static carrier switching with enhanced SCell configuration
(1) The UE is configured with an initial set of 5 CCs;

(2) The network reconfigures the SCells for the UE with a RRC signalling, which indicates the 3 inter-frequency neighbour cells are added as SCells, and other configuration information is also transmitted, such as cross-carrier scheduling information, transmission modes, etc., for the 8 carriers. The newly added 3 SCells are initially deactivated. The measurements for the 3 carriers may be based on one of the mechanisms presented in [3]

 REF _Ref426021123 \r \h 
[5]

 REF _Ref426017271 \r \h 
[6];

(3) The network activates the newly added SCells for data transmissions and deactivates 3 other SCells, with MAC signalling;

(4) Step (3) is repeated if switching to a different set of 5 carriers is needed.

· Procedure 3: Fast carrier switching 

This may be done based on a L1 procedure/signalling (which may be based on LBT in the case of LAA) within the set of at most 5 activated CCs [4]; in other words, fast carrier switching is done among at most 5 CCs. 
Another possibility is that more than 5 CCs can be activated at the same time, but the L1 signalling is used to indicate to the UE up to 5 CCs for PDCCH monitoring; in other words, fast carrier switching is done among possibly more than 5 CCs, if the Scell configuration enhancement is used. 
Alternatively, this may be done as suggested in [7], i.e., using enhanced activation/deactivation signalling; in this case, fast carrier switching is done among possibly more than 5 CCs, if the Scell configuration enhancement is used.
It can be seen from the above descriptions that, the SCell configuration enhancement allows semi-static carrier switching with reduced transition times: the legacy procedure has to rely on both the RRC signalling (tens to about one hundred milliseconds) and MAC signalling (a few milliseconds), while the enhanced procedure relies only on MAC signalling. The SCell configuration enhancement may also allow a UE to perform fast carrier switching among more carriers, which is beneficial.
Observation 1: Semi-static and fast carrier switching can be enhanced by configuring a UE with more component carriers. 
The standards impacts for SCell configuration enhancement may include:
· Allow the number of DL CCs configured to a UE to be larger than the number of CCs for simultaneous data reception/transmission. 
To this aim, the physical layer description in TS36.300 for CA may be changed from "The number of DL CCs that can be configured depends on the DL aggregation capability of the UE" to "The number of DL CCs that can be configured is not limited to the DL aggregation capability of the UE".
However, the UE shall assume that the network would not activate or transmit data on more SCells at a time than what the UE can receive data simultaneously.
· Signalling enhancements 
For RRC signalling, some maximum values (e.g., "maxSCell-r10 INTEGER ::= 4
-- Maximum number of SCells") need to be changed accordingly. However, this is also needed for the WI on LTE carrier aggregation (CA) enhancement beyond 5 carriers, so no additional standards impact is needed. This applies to MAC signalling enhancements as well.
Observation 2: The standards support needed for configuring a UE with more component carriers are limited.
3 Conclusion

In this contribution, a specific aspect for carrier selection/switching, namely the carrier configuration, was further discussed in details. 
Observation 1: Semi-static and fast carrier switching can be enhanced by configuring a UE with more component carriers. 
Observation 2: The standards support needed for configuring a UE with more component carriers are limited.
According to the analysis, the following proposal can be obtained:
Proposal 1: Allow the number of component carriers configured to a UE to be larger than the number of component carriers for simultaneous data reception/transmission.
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