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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]). In RAN1 #82 meeting, it was decided that carrier selection be discussed in LAA WI.
In this contribution, the motivations, overall solutions, and potential specification impacts of carrier selection/switching for LAA are discussed. The specific aspects for carrier selection/switching are discussed in details in other companion contributions: see [3] for carrier configuration to support carrier selection/switching, [4] for measurements for LAA operations including carrier selection/switching operations, and [5] for L1 indication for UE support of fast carrier selection. This contribution is an updated version of R1-154327.
2 General concepts of carrier selection/switching
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. 

Carrier selection/switching can be applied to LAA systems or general systems. This contribution focuses on the support of carrier selection/switching in LAA, though some aspects can be directly applicable to general systems.

In Figure 1, an example of semi-static carrier selection/switching is shown. In this example, the eNB selects a subset of carriers based on, e.g., interference and/or traffic load, and the UE performs (semi-static) carrier switching as instructed by the eNB via SCell activation/deactivation procedure (as an example). On the activated carriers, the UE may monitor the control channels and may receive PDSCH. The eNB may select a different subset of carriers later and alter the activation/deactivation status of the SCells for the UE accordingly.[image: image1.emf]eNB decision
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Figure 1 An example to illustrate semi-static carrier selection/switching
In Figure 2, an example of fast carrier selection/switching for LAA is shown. In this example, on the carriers activated for a UE, the eNB performs the LBT procedure, and after the ICCA and/or ECCA, the eNB determined a subset of carriers on which it can transmit. Then the UE performs (fast) carrier switching as instructed by the eNB via a certain procedure (e.g., a L1 procedure to be further discussed), and the UE monitors the control channels and may receive PDSCH. The eNB may select a different subset of carriers later for a different transmission burst and alter the monitoring status of the SCells for the UE accordingly. 
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Figure 2 An example to illustrate fast carrier selection/switching in LAA

3 Motivations for carrier selection/switching
There are several major reasons for supporting carrier selection/switching, outlined as follows. See also for example [9]
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[10]
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[11] for the discussions of motivations for carrier selection/switching.
· Carrier selection/switching as a less challenging and more timely approach to enable a UE to use an increased number of carriers

This is also elaborated in [6]. It should be considered in this WI how to effectively support the many carriers in the unlicensed band. From the eNB point of view, this is relatively straightforward. However, it is not so from the UE point of view. There are two main approaches considered for a UE to make better use of the available carriers, namely, the CA-based approach and the carrier-switching-based approach. The latter does not involve significantly higher requirements on the UE, and the standardization and implementation (especially RF related) are expected to be much less involved, and can be realized in products much faster. 

· Carrier selection/switching as an approach to improve throughput performance and coexistence performance

It is generally accepted that carrier selection/switching can provide promising performance gains (see e.g. [2]). There are several reasons for the performance gains. For example, carrier selection/switching enables carrier-level and site-level interference avoidance and coordination. For another example, it can allow load balancing/shifting across carriers and eNB. These reasons apply to LAA systems and more general systems.
· Fast carrier selection/switching unified with multi-carrier LBT-based discontinuous transmissions in LAA

In considering multi-carrier LBT-based discontinuous transmissions in LAA (see RAN1 #82 Chairman Notes), one should note that there are cases where the eNB can determine the carrier availability only some microseconds before it starts the transmissions on those carriers. However, the transmissions may last only a few milliseconds to at most a couple tens of milliseconds. Therefore, both the eNB and the UE need to select/switch their carriers sufficiently fast.
· Other benefits
Other benefits may include, for example, power saving for a UE, reducing the UE monitoring activities, etc. That is, instead of requiring the UE to monitor many carriers all the time, the UE needs to monitor only a subset of the carriers per eNB instruction.

To summarize, carrier selection/switching has benefits from several aspects, such as being a less challenging and more timely approach to enable a UE to use an increased number of carriers, improving performance, being essential for efficient LBT-based operations, reducing UE power consumption, etc.
Observation 1: Carrier selection/switching is beneficial and should be supported. 
4 Procedures and potential enhancements for carrier selection/switching
Figure 1 and Figure 2 illustrated some options of the carrier selection/switching procedures. Some more details are provided here, based on which potential enhancements of the procedure may be seen.
· Option1 (baseline): semi-static carrier switching using legacy mechanism.
This option may perform the following procedures: eNB senses and selects the suitable carriers (~100s ms), and after that one or more carriers within the selected carriers are configured to UE (~100s ms) which will not exceed the maximum number of carriers over which UE can aggregate PDSCH. Furthermore one or more carriers within the configured carrier are activated to UE (~10s ms) UE can be scheduled on the one or more activated carriers dynamically based on the LBT mechanism.
Although this option would not incur additional standard impacts, it may involve long delays as also discussed in [6], such as delay associated with SCell configuration signalling (several tens of milliseconds to about a hundred milliseconds), delay associated with the measurement process.
· Option 2: semi-static carrier switching with enhanced SCell configuration

In this option, eNB can configure UE with more component carriers which can potentially exceed the maximum number of carriers over which the UE can aggregate PDSCH. Then eNB can activate one or more carriers among the configured carriers to UE by the existing signalling, i.e. MAC signalling. After that UE can be scheduled on the one or more activated carriers dynamically based on the LBT mechanism.

It is obvious the main difference between option 1 and option 2 focuses on the different number for configured carriers. Since Option 2 support more carriers configured to UE, the long delay associated with configuration signalling will be removed. Furthermore likely very recent RRM measurements for these carriers are available as discussed in [6] and thus reducing the delay associated with the measurement process. In other words, carrier switching to a configured SCell is more efficient than carrier switching to an inter-frequency neighbour cell.
· Option 3: fast carrier switching
For Option 3, a UE can switch to receive on any carrier within a set of carriers selected by the serving eNB as fast as subframe/symbol-level, while the number of carriers within the set can potentially exceed the maximum number of carriers over which the UE can aggregate PDSCH. The SCell configuration enhancements discussed in Option 2 can allow a UE to perform fast carrier switching among more carriers, which is beneficial.

Which carrier(s) the UE should switch to is per eNB indication. When the UE is indicated with the carrier(s) it should switch to, the UE starts to monitor the indicated carrier(s) immediately, preferably within a subframe, and stops monitoring other carriers. By monitoring a carrier it meant to buffer and attempt to detect the control channels and other associated channels. In other words, the eNB indication tells the UE to switch to the indicated carrier(s) and monitor the carrier(s). Note that, however, in any subframe, the eNB does not instruct the UE to switch to monitor on more carriers than its PDSCH aggregation capability, and hence, the eNB does not schedule the UE on more carriers than its PDSCH aggregation capability. 
According to the above descriptions, it can be seen that SCell configuration enhancements allow both semi-static and fast carrier switching with reduced transition time since the delay associated with the SCell configuration signalling as well as the delay associated with the measurement process are decreased.

Observation 2: Semi-static and fast carrier switching can be enhanced by configuring a UE with more component carriers.
Another potential enhancement for fast carrier selection/switching is cross-carrier HARQ. Though fast carrier selection/switching can work well without the support of cross-carrier HARQ, it can be further improved if cross-carrier HARQ is adopted. As analyzed in [12], cross-carrier HARQ may be supported with mainly RAN1 impacts (with minimal RAN2 impacts as the configuration signalling support). It is suggested to (re)consider cross-carrier HARQ if possible. 
5 Main components for carrier selection/switching in LAA
Based on the above descriptions of the procedures, the main components for carrier selection/switching may include the following:

· SCell configuration (see [3] for details)
One component to support carrier switching is to configure 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 above, 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 (Option 2 and 3).

The involved standards impacts mainly include signalling enhancements (e.g., RRC/MAC signalling enhancement to support up to 32 SCells) and procedure enhancements (SCell addition/removal /activation /deactivation), which are considered as limited standards impacts.

· RRM measurements (see [4] and [6] for details)
Since the discontinuous transmission incurred by LBT for LAA will not always ensure the transmission of reference signals for RRM measurement, the RSSI-like reports (e.g. interference measurement) would be needed to help eNB/UE choose the proper carrier for switching. This also benefits the carrier selection at eNB with semi-static UE carrier switching relying on current CA mechanism. 
In terms of signal measurements for RRM, it may be assumed that, for the carriers within the same band and collocated (generally sharing the same set of antennas), they all lead to the same signal measurement. This may be assumed by the eNB without UE measurement reporting except for measurements of a small number of "reference carriers" in the band. This may also be supported by extending the concept of quasi co-location to across co-located intra-band carriers (so that RSRP measurements, time/frequency synchronization, for some configured CCs can be obtained from another CC).
· Discontinuous transmission/reception support (see [5] for details)
The standards support for fast carrier switching should be jointly considered with the support for LBT-based discontinuous transmissions/receptions, with limited additional standards impacts needed. To well support LAA, especially due to the limitation of the maximum channel continuous occupancy time for the discontinuous transmission, fast carrier switching should support UE to switch to any carrier within a set of carriers selected by the serving eNB as fast as subframe/symbol-level. More specifically, the eNB may send an indication telling the UE to switch to the indicated carriers and monitor the carriers; then the UE may perform the switching and start monitoring the indicated carriers as soon as it can, and in the meantime the UE stops monitoring other carriers. The eNB indication is desirable to be sufficiently fast, for example, taking the UE a few OFDM symbol durations (or at most a subframe) to complete the detection and decoding. Therefore, it is preferred to be done in L1. Several options can be considered as mentioned in [5], such as introducing a L1 procedure/indicator, enhancements of the SCell activation signalling, etc., which may also be signalled in a way similar to the support for indication of DL transmission burst per single carrier. See also [8] for related discussions.
To support efficient semi-static carrier selection/switching, components 1) and 2) are needed.

To support efficient fast carrier selection/switching, components 1), 2), and 3) are needed.

In summary the main standards impacts for semi-static carrier switching with enhanced SCell configuration and fast carrier switching are summarized below:
· Configuring the UE a set of LAA carriers among which the UE may be switched to for transmission burst reception
· The number of carriers within the set can potentially exceed the maximum number of carriers over which the UE can aggregate PDSCH

· RRM measurements over the configured carriers

· RSSI-like measurement
· For collocated intra-band carriers, no measurements on some carriers or extension of quasi co-location concept to across the carriers may be considered 
· LBT-based discontinuous transmissions/receptions
· L1 indication to the UE to start receiving potential transmission burst on a LAA carrier
Note that some of the standards impacts are being discussed for other purposes as well, for example, RSSI-like measurements are considered for hidden-node detection, L1 indication may be unified with the indication of transmission bursts, etc. Additional standards impacts needed for carrier selection/switching should be considered as quite limited.
Observation 3: Standards impacts needed for efficient carrier selection/switching are limited. 
6 Feasibility of carrier selection/switching in LAA

The following aspects may be considered for the feasibility of carrier selection/switching in LAA:

· Feasibility of  (eNB) carrier selection
Effective carrier selection generally requires the eNB to have appropriate RRM measurements on the carriers, including the carriers on which a UE is performing RSRP/RSRQ measurements and carriers on which a UE is not performing RSRP/RSRQ measurements. For the latter, as described above, quasi co-location extension and RSSI-like measurements can enable the eNB to obtain relevant RRM measurements on those carrier. 
Furthermore, appropriate CSI measurements on the carriers may be desired, which is clearly feasible for semi-static carrier selection, and the availability of CSI at the eNB for fast carrier selection can be handled similar to the cases of LBT-based discontinuous transmissions (e.g., by utilizing the last CSI or a conservative initial CSI). 
Therefore, carrier selection should be considered as feasible at least from the RRM/CSI measurement perspective. Nevertheless, carrier selection operations by the eNB are decided and performed by the eNB, i.e., it is mainly considered as a network implementation issue. There seems to be no problem regarding the feasibility of eNB carrier selection, in semi-static or dynamic time scales.

· Feasibility of  (UE) carrier switching
· Feasibility of  semi-static carrier switching
UE performing semi-static carrier switching is similar to UE operations for SCell activation/deactivation and semi-static on/off. This should be considered as feasible.
· Feasibility of  fast carrier switching
To support faster carrier switching at the UE, it is needed to clarify how fast the UE can switch its carriers. There are generally two aspects associated with this question: one is related to the signalling/procedure design for the faster carrier switching, and the other is related to how fast the UE can switch, considering it has to perform RF retuning, AGC setting, and tracking. 
The signalling/procedure timing is discussed in previous sections and in [5], and it can be seen that it should be generally agreeable a L1 signalling/procedure allows for carrier switching in a subframe level (i.e., within at most a few OFDM symbol durations). 
For how fast the UE can switch, various existing RAN4 studies and requirements indicate that the switching can be done within at most a few OFDM symbol durations. For example, [13] points out that AGC setting can be done within at most one OFDM symbol duration of about 70 s. [14] specifies that RF retuning time should be in the range of 200~300 s. [15] considers a fast tuning time of one symbol is feasible. [16] indicates that the time for RF/AGC should be within 200~300 s (and thus together with an assumed round trip time of 667 s, the switching can be done within 1 ms). Moreover, as the measurement gap length is 6 ms and the measurement itself takes 5 ms, it implies that a one-way carrier switching should be done within 0.5 ms. Finally, for tracking, if the carriers are within the same band, no additional time is needed for tracking.
Therefore, it can be concluded that subframe level carrier switching at the UE is feasible.
Observation 4: Semi-static and fast carrier selection/switching should be considered as feasible. 
7 Conclusion

In this contribution, the design of carrier selection for LAA is discussed. According to the analysis, the following observations can be obtained:
Observation 1: Carrier selection/switching is beneficial and should be supported. 

Observation 2: Semi-static and fast carrier switching can be enhanced by configuring a UE with more component carriers.
Observation 3: Standards impacts needed for efficient carrier selection/switching are limited. 
Observation 4: Semi-static and fast carrier selection/switching should be considered as feasible. 
Based on the discussion, the following proposals are given:
Proposal 1: Carrier switching should be supported for LAA. The standard impacts include:

· Configuring the UE a set of LAA carriers among which the UE may be switched to for transmission burst reception
· The number of carriers within the set can potentially exceed the maximum number of carriers over which the UE can aggregate PDSCH

· RRM measurements over the configured carriers

· RSSI-like measurement
· For collocated intra-band carriers, no measurements on some carriers or extension of quasi co-location concept to across the carriers may be considered 
· LBT-based discontinuous transmissions/receptions
· L1 indication to the UE to start receiving potential transmission burst on a LAA carrier
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