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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]. As one option of carrier selection, the performance of fast carrier selection was evaluated in [2] and it was observed that fast carrier selection can provide promising performance gain for LAA. 
In this contribution, the motivation, solutions and potential specification impacts of fast carrier selection (scheduling) for LAA are further discussed. 
2 Discussion
2.1 Motivation to support fast carrier scheduling
Carrier selection is considered essential for efficient LAA operations. It allows efficient load balancing across carriers and efficient scheduling for UEs on any carrier supported by the eNB, even if a UE supports PDSCH aggregation on a smaller number of component carriers than the carriers available at eNB. 
To elaborate, in the unlicensed band, an LAA eNB cannot transmit on a carrier whenever it needs to transmit, due to the coexistence with other RATs and other eNBs. Therefore, the LAA eNB needs to operate in an opportunistic fashion, searching for opportunities in time and frequency domains for transmissions. Therefore, it is desirable to have the eNB to opportunistically select appropriate unlicensed carrier(s) for a UE from all carriers based on sensing outcomes. 
Although in general the large number of carriers can be utilized by eNB in a relatively straightforward and efficient way, it is considered not so straightforward or efficient for a UE to utilize the large number of carriers available at eNB. For example, a typical UE with current CA capability may only support aggregation of up to 5 CCs. However, the unlicensed band at 5.8 GHz has 14 orthogonal 20 MHz channels (i.e., carriers), which may be supported by the eNB but is far beyond the UE capability. It is thus desirable to design the proper mechanism to allow a UE to utilize all the carriers, without the needs of significantly increasing the UE capability. This also helps the network to perform efficient load balancing across all carriers.
There are three options to allow a UE to utilize all carriers available at eNB. 

· Option 1: relying on CA enhancement beyond 5 carriers

As analyzed in [3], this option allows the UE to simultaneously receive (or transmit) on up to 32 carriers. However it depends on the greatly increased UE capability/complexity to support larger number of carriers. In practice, the increase of UE capability, especially the RF and baseband capabilities for simultaneous transmission/reception on larger number of carriers, is considered as challenging and costly so that the product plan may significantly fall behind the progress LAA standardization. This may be similar to the CA situation that the requirement of 5-CC carrier aggregations has not been standardized in Rel-13, even the specification work has been completed in RAN1 in Rel-10. 
Therefore, it would not be desirable for LAA to only rely on the UE with large CA capability. On the contrary, it is expected that the UE with suitable CA capability could also benefit from the carrier selection in the rich spectrum on the unlicensed band.
Observation 1: It would not be desirable for LAA to only rely on the UE with large CA capability. On the contrary, it is expected that the UE with suitable CA capability could also benefit from the carrier selection in the rich spectrum on the unlicensed band.

· Option 2: relying on current CA mechanism
Semi-static carrier selection can also support UE to utilize all carriers available at eNB over time and it can be supported by the current CA mechanism as discussed in [4], though further enhancements may not be precluded. In this option, eNB can perform Scell addition by configuring one or multiple carriers (no more than 5 carriers) among the carriers selected by eNB to UEs by CA mechanism, i.e. via RRC signalling. This usually takes a few tens of milliseconds. Furthermore the eNB could perform Scell activation by activating one or more of these configured carriers to UEs. This activation procedure could be based on UE reporting of RRM measurement over the configured carriers. This activation procedure will also takes a few tens of milliseconds. The transmission over the configured/activated Scells should follow the LBT or discontinuous transmission mechanism. UE can be scheduled on these configured/activated Scells when eNB occupies the unlicensed spectrum. The transition times involved in the semi-static carrier selection incurred by Scell addition/activation is long (tens of milliseconds plus channel sensing duration). Generally, the shorter the transition times, the better the performance. Therefore the semi-static carrier selection relying on current CA mechanism would restrict the carrier selection performance for LAA.
Observation 2: Semi-static carrier selection can be supported using existing CA mechanisms. It would restrict the carrier selection performance for LAA due to the long transition times incurred by Scell addition/activation.
· Option 3: relying on fast carrier scheduling

In this contribution, fast carrier scheduling means that the UE can be scheduled in any carrier selected by the serving eNB as fast as subframe/symbol-level, while the number of selected carriers at the eNB can potentially exceed the maximum number of carriers over which a UE can aggregate PDSCH. 

The performance of carrier selection over the unlicensed spectrum has been evaluated in [2][5], where the fast carrier scheduling and semi-static carrier selection is compared. It was observed that fast carrier scheduling can provide very large performance gain for LAA, both in terms of coexistence between LAA and Wi-Fi or coexistence between LAA and LAA. Furthermore LAA with fast carrier scheduling does not impact Wi-Fi more than a Wi-Fi network offering the same traffic to the same number of user across a range of offered traffic loads. Therefore it is desirable to support fast carrier scheduling for unlicensed carriers since it can provide fast adaption to the channel occupancy status, interference level and traffic load among multiple carriers. In addition, fast carrier scheduling support does not have to be limited to unlicensed operations; rather, it can also be used for licensed operations. 

Observation 3: It is beneficial to support fast carrier scheduling for unlicensed carriers due to fast adaption to the channel occupancy status, interference level and traffic load among multiple carriers. It can also be beneficial for licensed carriers.
2.2 Procedure for fast carrier scheduling
For fast carrier scheduling, eNB may also firstly select the suitable carriers with relatively longer time scale, based on eNB sensing of the averaged interference level, traffic load level over the carriers, etc. This procedure can be the same as the semi-static carrier selection and would take ~100s milliseconds or even longer. Then eNB may perform Scell addition to UEs by current CA mechanism, so as to ensure UE can acquire some basic information of the configured Scells, e.g. PCID, carrier frequency, etc. The number of the configured Scells can be as large as the number of selected carriers at eNB and can be far beyond the UE capability for data aggregation.  eNB can sense these selected carriers during a short period of time and schedule the UE on the dynamically selected Scell(s), which  allows a UE to utilize all the carriers available at eNB in a time division manner. Fast carrier scheduling can be performed considering discontinuous transmission and LBT simultaneously. For example, during the CCA period for LBT, eNB can sense multiple selected carriers and choose the suitable one(s) for transmission. The channel occupancy time over the scheduled carrier is aligned with the maximum channel occupancy time specified for discontinuous transmission and LBT during which evaluating again the channel conditions (i.e. busy or idle) of this scheduled carrier is not needed. After this channel occupancy time, eNB can perform carrier selection again during the next CCA period. 
Figure 1 depicts one example of fast carrier scheduling, where UE supports 3 CC aggregation for PDSCH and only Scells are depicted. In Figure 1, at T0, eNB may select CC1/CC2/CC3/CC4 within the unlicensed spectrum as the potential carriers for data transmission based on the long-term sensing outcomes. At T1, eNB may configure all these carriers to UEs although the UEs have only 2 CC aggregation for PDSCH over the unlicensed spectrum. Then during the first CCA period, eNB selects CC1/CC2/CC3 as the operating channels and dynamically schedule UEs on CC3/CC4. At the second CCA period, eNB can select CC1/CC2 as the operating channels assuming these two carriers are not occupied by other devices. As a result, UEs can be scheduled over CC1/CC2. Obviously it can be seen the fast carrier scheduling can allow UE to be scheduled on any carrier available to the eNB without the needs of increasing the UE capability for data aggregation.
For simplification, in the following figure, the CCA period is aligned across carriers. However actually for LBE, the starting time of (E)CCA as well as the ending time of (E)CCA can be independent on different carriers since the channel condition on difference carriers may be different.
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Figure 1. One example of fast carrier scheduling
Table 1 gives a summarized comparison of the procedure for semi-static carrier selection by current CA mechanism and fast carrier scheduling. 
Table 1. Summary and comparison of semi-static and fast carrier scheduling
	
	Semi-static carrier selection 
	Fast carrier scheduling 

	eNB senses and select the suitable carriers(~100s ms)
	Based on long-term measurement by eNB and/or UE 
	The same as the semi-static case

	One or more selected carriers are configured to UEs(~10s ms)
	By RRC signaling 
	Needed
The number of configured carriers can be far beyond UE CA capability for data aggregation.

	One or more configured carriers could be activated to UEs(~10s ms)
	By MAC signaling 
	No needed.

	Scheduling 
	The scheduled carriers are within the set of configured/activated carriers to the UE.
	The scheduled carriers are within the set of carriers selected by eNB;



2.3 Standards impacts of fast carrier scheduling
According to the previous analysis, it can be seen that the key points of fast carrier scheduling include:

· Configuring a UE with more than 5 component carriers, which is larger than the current CA capability for data aggregation
· UE CA capability for data aggregation is the same as the current CA capability
Since the configured component carriers is larger than the current CA capability for data aggregation, RRM measurement as well as CSI measurement on the configured component carriers can help eNB to choose the proper carriers for data scheduling. From this sense, how to perform these measurements should be further studied.  Several options on how to perform RRM measurement are discussed in [3], including UE performs RRM measurements on all configured CCs without using gaps, UE performs RRM measurements on some configured CCs using gaps, UE/network rely on alternative measurements for some configured CCs. These options require different UE capability and lead to different RF requirements and standards impacts. It can be further studied. 
According to the above analysis, it can be observed that the potential specification impacts of fast carrier scheduling include configuring a UE with more carriers than its CA capability for data aggregation and accordingly performing measurements (e.g. RRM, CSI) over these configured component carriers.
In summary, since the data aggregation capability is the same as the current CA capability, fast carrier scheduling would not involve significantly higher requirements on the UE, and the standardization and implementation are expected to be much less involved when comparing to the option relying on CA enhancement beyond 5 carriers. On the other side, since the number of configured carriers is larger than the data aggregation capability for fast carrier scheduling, it is more feasible for LAA to utilize all carrier over the unlicensed spectrum during a short interval when comparing to the option relying on current CA mechanism (e.g. semi-static carrier selection), which will accordingly improve LAA performance. Therefore the following propose can be achieved.
Proposal: Fast carrier scheduling should be supported for LAA and the potential specification impacts include:

· Configuring a UE with more carriers than its CA capability for data aggregation
· Performing measurements (e.g. RRM, CSI) over these configured component carriers
3 Conclusion

In this contribution, the design of fast carrier scheduling for LAA are discussed. According to the analysis, some observations and proposal can be obtained:
Definition: fast carrier scheduling means that the UE can be scheduled in any carrier selected by the serving eNB as fast as subframe/symbol-level, while the number of selected carriers at the eNB can potentially exceed the maximum number of carriers over which a UE can aggregate PDSCH.

Observation 1: It would not be desirable for LAA to only rely on the UE with large CA capability. On the contrary, it is expected that the UE with suitable CA capability could also benefit from the carrier selection in the rich spectrum on the unlicensed band.

Observation 2: Semi-static carrier selection can be supported using existing CA mechanisms. It would restrict the carrier selection performance for LAA due to the long transition times incurred by Scell addition/activation.
Observation 3: It is beneficial to support fast carrier scheduling for unlicensed carriers due to fast adaption to the channel occupancy status, interference level and traffic load among multiple carriers. It can also be beneficial for licensed carriers.

Proposal: Fast carrier scheduling should be supported for LAA and the potential specification impacts include:

· Configuring a UE with more carriers than its CA capability for data aggregation
· Performing measurements (e.g. RRM, CSI) over these configured component carriers
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