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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]. It is generally accepted that carrier selection/switching can provide promising performance gains for LAA (see e.g. [2]). Furthermore, 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 L1 indication for UE support of fast carrier selection, is further discussed in details. See also a companion contribution [4] for the carrier configuration 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. In this contribution, fast carrier switching is considered to be generally in the time scales of at most a few milliseconds. 
2 Indication for UE support of fast carrier selection
To further improve the efficiency of carrier switching/selection, further reduction of the transition times can be considered. In addition, to well support LAA-LTE, it is desirable to reduce the transition times to subframe level [2][3]. To support fast transitions, fast signalling and/or procedure is needed. Several options exist, such as introducing a L1 procedure/indicator, enhancements of the SCell activation signalling, etc. These options should be studied in LAA-LTE WI and/or CA enhancement WI. 
2.1 Purpose of the indication

The indication for fast carrier switching in LAA may be used to 1) inform the UE to receive a burst on a carrier, or 2) inform the UE to start (or stop) monitoring a carrier (whether the UE would receive a burst or not depends on the presence of PDCCH scheduling information for the carrier). In either case, the indication may be sent on a carrier that the UE is currently monitoring. However, for 1), the eNB has to send one indication for every burst, which may not be efficient as there may be many short bursts (e.g., one burst may last only up to 4 milliseconds in certain regions). On the other hand, for 2), one indication for starting monitoring can be used for more than one burst, until an indication for stopping monitoring is sent. Additionally, the indication for 1) has to be sent after (E)CCA is completed, consuming some portion of the maximum allowed transmission duration for a burst, whereas 2) can overcome this issue if the indication is sent when the eNB expects the (E) CCA is to complete soon. Thus, the main purpose of the indication should be to inform a UE to start or stop monitoring a carrier, rather than to inform the UE about the transmission of a burst.
Proposal 1: Design the indication to inform a UE to start or stop monitoring a carrier.
2.2 Indications of fast carrier switching, fast on/off, and LBT-based discontinuous transmissions/receptions
The following aspects are closely related to each other and should be jointly considered if possible:
· Indication for fast carrier switching

L1 indication or enhanced SCell activation/deactivation signalling may be considered.  
· Indication for fast carrier on/off

Fast carrier on/off may be viewed as a special case of fast carrier switching, and was discussed in Rel-12 SCE PHY WI. Due to the limited time, no design was standardized at that time. The summary document [8] should be used as a starting point for further consideration of fast on/off and may be taken into account for fast carrier switching design. As demonstrated in [8], more companies focused their attention on the subframe level on/off design based on L1 signalling than that based on SCell activation/deactivation signalling. Both explicit and implicit indications may be considered.
· Indication for LBT-based discontinuous transmissions/receptions

LBT-based discontinuous transmissions/receptions are an essential feature to be supported in LAA WI. Indication of such a transmission/reception has to be sufficiently fast, given the potentially very limited duration of a TXOP (as short as about 4 milliseconds). Therefore, this is closely related to the indication of fast on/off. Needless to say, to support LBT-based discontinuous transmissions/receptions, standards impacts in addition to fast on/off support (e.g., frame structure designs) have to be addressed.
Due to the inherent connections of these aspects, it is therefore preferred to provide a unified design to support the indications of fast carrier switching, fast carrier on/off, and LBT-based discontinuous transmissions/receptions. 

Proposal 2: The indicator to start or stop monitoring a carrier can be used to support fast carrier switching, fast carrier on/off, and LBT-based discontinuous transmissions/receptions.
2.3 L1 signalling versus MAC signalling

As one approach, SCell activation/deactivation enhancements are considered for fast carrier switching. However, there is a main disadvantage for this approach, i.e., the longer delay. SCell activation/deactivation signalling is a MAC signalling. MAC signalling decoding/detection (with or without enhancements) has to be slower than L1 signalling decoding/detection, as it involves decoding/detection of a L1 signalling and furthermore, a PDSCH. The longer delay is not desirable due to the potentially very limited duration of a TXOP in LAA. However, if SCell activation/deactivation is enhanced to be carried by a L1 signalling, it can still be considered for fast carrier switching; in this case,  the impacts on MAC protocol in clause 5.13 of TS36.321, PHY timing in clause 4.3 of TS36.213, and delay requirements in clause 7.7 of TS36.133 require further study. 
Therefore, it is proposed that L1 signalling should be the main focus of the design.

Proposal 3: A L1 indication is adopted.
2.4 Operation procedures
Based on above proposals, operation procedures for fast carrier switching using a L1 indication may be designed. Below are a few examples for LAA, assuming the UE supports up to 5 carriers for simultaneous PDSCH reception but is configured with 8 CCs [3]

 REF _Ref426021095 \r \h 
[4]:
· Based on a L1 indication for starting/stopping monitoring of up to 5 activated carriers:

The UE is configured with 8 CCs, but each time there are at most 5 CCs are activated via MAC signalling of SCell activation/deactivation. Then based on LBT progress over the CCs, a L1 indication is sent to inform which of the 5 CCs should be monitored by the UE and which should not. The UE may then receive data burst(s) on the monitored CCs. Another L1 indication may be sent after the bursts to alter which CCs should be monitored since then, and so on. The L1 indication may be explicit (i.e., based on a signalling) or implicit (i.e., based on self scheduling and UE detection of scheduling information on the SCell).
For this example, fast carrier switching is done among at most 5 CCs. 

· Based on a L1 signalling for starting/stopping monitoring of up to 8 activated carriers:

This is similar to above option, but the activated carriers can be more than 5, which requires additional standards support (i.e., there can be more CCs activated for the UE than its PDSCH aggregation capability). The UE is configured with 8 CCs, and each time there can be up to 8 CCs that are activated via MAC signalling of SCell activation/deactivation. The UE does not monitor all the activated CCs, but monitors at most 5 CCs according a L1 indication. The L1 indication needs to be explicit rather than implicit, since an implicit indication would require a UE to monitor all the up to 8 activated carriers at the same time, exceeding the UE's capability.
For this example, fast carrier switching is done among possibly more than 5 CCs.

· Based on a L1 signalling for activation/deactivation of the 8 configured carriers:

The UE is configured with 8 CCs, but each time there are at most 5 CCs are activated via a L1 signalling of SCell activation/deactivation. For instance, based on LBT progress over the CCs, a L1 signalling is sent to inform which of the 8 CCs are activated. The UE may receive data burst(s) on the activated CCs. Another L1 signalling may be sent after the bursts to alter the activated CCs. 

For this example, fast carrier switching is done among possibly more than 5 CCs.

Clearly, each example procedure has its pros and cons and requires different standards support. It is suggested to further study these options.
Proposal 4: Detailed operation procedure to be defined.
3 Conclusion

In this contribution, a specific aspect for carrier selection/switching, namely the L1 indication for UE support of fast carrier selection, was further discussed in details. According to the analysis, the proposals are as following:
Proposal 1: Design the indication to inform a UE to start or stop monitoring a carrier.

Proposal 2: The indicator to start or stop monitoring a carrier can be used to support fast carrier switching, fast carrier on/off, and LBT-based discontinuous transmissions/receptions.
Proposal 3: A L1 indication is adopted.
Proposal 4: Detailed operation procedure to be defined.
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