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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]. In this contribution, the solutions and potential specification of carrier selection for LAA are discussed.
2 Carrier selection
2.1 The concept of carrier selection

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 the 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. 
In addition, carrier selection can allow a UE to be scheduled on any carrier available to the eNB, even if the UE’s CA capability is limited to a small number. For example, a typical UE 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 carrier selection mechanism to allow a UE over time 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.
The performance of carrier selection over the unlicensed spectrum has been evaluated in [2][3][4], where the (semi-)static carrier selection is considered. It was observed that LAA and Wi-Fi has better performance with carrier selection than the co-channel case, both in cases of coexistence between LAA and Wi-Fi or coexistence between LAA and LAA. It would be expected that fast carrier selection with reduced transition times, if properly supported and designed, may provide further performance gain over semi-static carrier selection due to the fast adaption to the channel occupancy statistics or status. In this contribution, fast carrier selection 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.
Therefore it is desirable to support carrier selection for unlicensed carriers especially fast carrier selection. In addition, carrier selection support does not have to be limited to unlicensed operations; rather, it can also be usable for licensed operations. 

Observation 1: It is beneficial to support carrier selection especially fast carrier selection for unlicensed carriers. It can also be beneficial for licensed carriers.
The design of fast carrier selection for LAA is discussed in the following sections. As a baseline, the semi-static carrier selection mechanism is discussed firstly, so as to understand the fast carrier selection better.

2.2 Semi-static carrier selection
Semi-static carrier selection may be based on channel occupancy statistics sensed by the eNB in large time scales (e.g., hundreds of milliseconds) and can be achieved by the current CA mechanism, though further enhancements may not be precluded. For example, eNB can firstly select the suitable carriers with relatively longer time scale (~100s milliseconds or even longer), based on eNB sensing of the averaged interference level, channel occupancy statistics, traffic load level over the carriers, etc. Then eNB can perform Scell addition by configuring one or multiple carriers among these selected carriers 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. 
Figure 1 shows one example of semi-static carrier selection, where UE supports 3 CC aggregation and only Scells are depicted. In Figure 1, at T0, eNB selected CC1/CC2/CC3/CC4 as the potential carriers for data transmission. eNB can perform Scell addition to UEs by current CA mechanism and CC1/CC2 are configured/activated to UEs at T1. Then eNB will perform LBT on CC1/CC2 and dynamically schedule UEs within these two carriers. When eNB has no transmission on CC1 and CC2, eNB can sense the averaged interference level, channel occupancy statistics, traffic load level over each of the carriers supported by eNB capability. At T2, eNB can perform another carrier selection based on the sensing outcomes. 
For simplification, in the following figures, 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 and the random backoff may also be independent on different carriers.
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Figure 1. One example of semi-static carrier selection
Observation 2: Semi-static carrier selection can be supported using existing CA mechanisms. 
2.3 Fast carrier selection
Fast carrier selection can be regarded as an extension of dynamic small cell on/off over the frequency domain. Recalling the discussion on ideal, dynamic small cell on/off schemes in LTE Rel-12 [5], it was concluded that reduced transition time of small cell on/off can increase the performance. It is expected that fast carrier selection could also provide similar level of performance gain because of the short transition time as well as the fast adaption to the interference fluctuation. In addition, since the fast bandwidth extension/reduction has been supported for WiFi (e.g. 802.11ac) [6], from the aspects of fairness to use the unlicensed spectrum, fast carrier selection should also be supported for LAA.
For fast carrier selection, 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 selection 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. 
Proposal: Fast carrier selection should be supported for LAA. The transmission on the selected carriers should follow the LBT and discontinuous transmission mechanism.
Figure 2 depicts one example of fast carrier selection, where UE supports 3 CC aggregation and only Scells are depicted. In Figure 2, at T0, eNB may select CC1/CC2/CC3/CC4 as the potential carriers for data transmission based on the long-term sensing outcomes. At T1, eNB may configure all these carriers to UEs. 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 selection can allow UE to be scheduled on any carrier available to the eNB without the needs of increasing the UE capability for data aggregation.
As mentioned in section 2.2, for simplification, the CCA period is aligned across carriers in the following figure. 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.
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Figure 2. One example of fast carrier selection
Table 1 gives a summary and a comparison of the procedure for semi-static and fast carrier selection. The main differences between these two options include whether eNB will perform carrier selection before scheduling UEs and whether the potential scheduled carriers are within the activated carriers.
Table 1. Summary and comparison of semi-static and fast carrier selection
	
	Semi-static carrier selection 
	Fast carrier selection 

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

	One or more selected carriers are configured to UEs(~10s ms)
	By RRC signaling 
	May be 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 
	May be not 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;


	Specification impacts
	Additional specification effort is not needed, besides the support of LBT or discontinuous transmission in single carrier case
	Fast switching of scheduling carrier set to the UE, where the number of the carrier set selected by eNB can exceed UE CA capability for data aggregation.


3 Conclusion

In this contribution, the candidate ways to support carrier selection are discussed. According to the analysis, some observations and proposal can be obtained:
· Observation 1: It is beneficial to support carrier selection especially fast carrier selection for unlicensed carriers. It can also be beneficial for licensed carriers.
· Observation 2: Semi-static carrier selection can be supported using existing CA mechanisms. 
· Proposal: Fast carrier selection should be supported for LAA. The transmission on the selected carriers should follow the LBT and discontinuous transmission mechanism.
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Appendix: Draft text proposal of TR36.889 for carrier selection
The following provides a description on overview of carrier selection for DL operation without UL in unlicensed spectrum for TR36.899 [7] according to the above discussions and proposals.

--- Begin of Text Proposal ---
7
Design targets, functionalities and solutions for LAA
Editor notes: One sub-section per identified functionality (e.g., LBT) that describes the functionality and the potential solutions for the functionality. The solution can involve PHY layer and/or higher layers.
7.2
Solutions for DL operation without UL in unlicensed spectrum
7.2.x
Solutions for carrier selection
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 the eNB. Therefore it is beneficial to support carrier selection for unlicensed carriers, but not limited to unlicensed carriers.
Both semi-static carrier selection and fast carrier selection are two design options for carrier selection. 

The semi-static carrier selection can be supported using existing CA mechanisms. The transmission on the selected carriers should follow the LBT or discontinuous transmission mechanism.

Fast carrier selection 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 following table gives a summary and a comparison of the procedure for the semi-static and fast carrier selection. The main differences between these two options include whether eNB will perform carrier selection before scheduling UEs and whether the potential scheduled carriers are within the configured/activated carriers.
Table x. Summary and comparison of semi-static and fast carrier selection

	
	Semi-static carrier selection 
	Fast carrier selection 

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

	One or more selected carriers are configured to UEs(~10s ms)
	By RRC signaling 
	May be 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 
	May be not 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;



	Specification impacts
	Additional specification effort is not needed, besides the support of LBT or discontinuous transmission in single carrier case
	Fast switching of scheduling carrier set to the UE, where the number of the carrier set selected by eNB can exceed UE CA capability for data aggregation.


--- End of Text Proposal ---
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