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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]. Semi-static carrier selection and fast carrier selection are two design options for carrier selection. Carrier selection is not only needed to avoid radars, but it is also needed to perform load balancing and to avoid occupying carriers which are already heavily occupied by other devices operating in unlicensed spectrum. In a companion contribution [2], the necessity to introduce fast carrier selection for LAA is discussed, as well as the procedure and potential specification.
In this contribution, some preliminary evaluation results for fast carrier selection are provided, compared to baseline, which is the performance for semi-static carrier selection. 

2 Performance evaluation

2.1 Simulation assumptions
In this contribution, the scenario with LAA outdoor deployment is evaluated. 

In order to see the performance benefits of introducing fast carrier selection for LAA, two options for carrier selection are simulated, i.e. semi-static carrier selection and fast carrier selection. As discussed in [2], semi-static carrier selection can be supported using existing CA mechanisms and fast carrier selection means that the UE can be scheduled in any carrier selected by the serving eNB as fast as subframe/OFDM 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 fast carrier selection is operated as follows: the LAA eNB will select one carrier randomly at the initial step, e.g. CC1. Then during the CCA period for LBT, eNB can simultaneously sense all carriers (e.g. four carriers according to the simulation assumption summarized in [3]). If CC1 is sensed to be busy during the CCA period, this eNB can switch to another carrier which is sensed to be idle immediately. As the baseline, the semi-static carrier selection in this simulation means each LAA eNB selects one carrier as the operating carrier randomly every time for each simulation loop. 
Other detailed simulation assumptions can be found in Appendix, which are aligned with the agreements in [3]. 

2.2 Simulation Results

The performance gain of ideal, fast carrier selection over the semi-static carrier selection for LAA is provided in Table 1, where the gains of average UPT and 10% UPT are considered. The traffic load listed in the table corresponds to the loads experienced by the semi-static carrier selection. 
Table 1. Gain of fast carrier selection over the semi-static carrier selection for LAA (%)
	Traffic load
	LAA coexists with LAA

	
	Gain for average UPT
	Gain for 10% UPT

	Low load (10%~25% BO)
	10.75
	29.89

	Medium load (35~50% BO)
	31.31
	87.22

	High load: (above 55% BO)
	49.91
	215.53


The simulation results show that, with the simulated fast carrier selection, about 10%-50% gains for average UPT and 30%- 200% gains for 10% UPT can be observed for LAA. Since this fast carrier selection scheme can provide fast adaption to the channel occupancy status, which mostly benefits the cell edge performance, the gains for 10% UPT is larger than the gains for the average UPT. Furthermore, the performance gain increases with the increment of traffic load on the simulated traffic load range. 
Observation: Fast carrier selection can provide very large performance gain over semi-static carrier selection for LAA.
It should be noted that the performance gain provided by this fast carrier selection scheme based on ideal carrier switching capability can be regarded as one upper bound for performance improvement. It would be expected that if properly supported and designed, fast carrier selection with reduced transition times, can also provide performance gain over semi-static carrier selection due to the fast adaption to the channel occupancy statistics or status. Furthermore as analyzed in [2], fast carrier selection can allow a UE over time to utilize all the carriers efficiently (which helps improve throughput performance), without the needs of significantly increasing the UE capability to aggregate PDSCH. Therefore from the aspects of the expected performance improvement and more efficient utilization of carrier resources without having to increase the UE capability of aggregating PDSCH, fast carrier selection should be supported for LAA and further evaluation can be considered. 
Proposal: From the aspects of performance improvement and more efficient utilization of carrier resources, fast carrier selection should be supported for LAA and further evaluation can be considered. 
3 Conclusion

In this contribution, the performance comparison between semi-static carrier selection and ideal, fast carrier selection is provided. According to these simulation results, the following observation and proposal can be obtained.
Observation: Fast carrier selection can provide very large performance gain over semi-static carrier selection for LAA.
Proposal: From the aspects of performance improvement and more efficient utilization of carrier resources, fast carrier selection should be supported for LAA and further evaluation can be considered. 
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Appendix: Simulation Assumptions
Table A1 Simulation assumptions

	Parameters 
	LAA-LTE 

	Carrier number (Y)
	4

	Carrier selection (for Y = 4)
	Both semi-static and ideal, fast carrier selection are considered.

	Traffic model
	BB. FTP3 with packet size of 0.5Mbyts. 
Low, median, high traffic load are evaluated.

	Tx mode
	MIMO with 1 layer transmission


	LBT scheme
	LBE


	CCA threshold
	-73 dBm/MHz + 23 - PH, PH specified in dBm EIRP


	Length of extended CCA backoff
	1~32 CCA slots of LAA


	CCA slot length
	24us


	MPDU size
	NA


	Max transmission time
	13ms


	HARQ 
	Retransmission with max 3times 



	Rate control
	Closed loop


	RTS/CTS
	NA

	MCS
	Does not include 256QAM

	Metric
	Average UPT, 10% UPT 













































































