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1 Introduction
Rel-13 LAA (licensed assisted access) is targeted to support a unified global solution which enables LTE system to use unlicensed spectrum with assistance from licensed carrier. As stated in LAA SI, TR36.889, a Listen-Before-Talk (LBT) procedure is vital for fair and friendly coexistence of LAA with other operators and technologies operating in unlicensed spectrum. It is recommended that a category 4-based LBT procedure with variable contention window size is the baseline for LAA DL transmission bursts containing PDSCH. It is noted that the procedures for LBT Cat.2, 3 and 4 are mainly used for one carrier, which are not suitable for multi-carrier case. Due to RF leakage, in case one of the multiple carriers is transmitting the other carriers in same band are likely to be detected as “busy” due to the leaked transmission power, which may prevent them from gaining access to the channel by LBT. Therefore, for multiple carriers on same unlicensed band, it is better to align the LBT on each carrier so as to transmit the downlink data on those carriers simultaneously.

In RAN1#82 meeting, regarding the multi-carrier operation for LBT Category 4, below agreements are made in [1]:

Agreements:
· For multi-Carrier LBT on a group carriers
· Alt1: eNB performs Cat-4 based LBT on only one unlicensed carrier

· When the eNB completes LBT on a carrier, the eNB can sense other configured carriers for a period, e.g., PIFS (25 microseconds), immediately before the completion of LBT on the carrier.

· The eNB is allowed to transmit DL data burst(s) on the carriers sensed idle according to above procedure.

· FFS: How fast the eNB can change the carrier requiring Cat-4 based LBT

· FFS: Whether to apply the Wi-Fi channel bonding rule

· FFS: Energy detection threshold used on channels not performing Cat-4 based LBT

· Alt2: eNB performs Cat-4 based LBT on more than one unlicensed carriers

· The eNB is allowed to transmit DL data burst(s) on the carriers that has completed Cat-4 based LBT with potential self-deferral (including idle sensing for a single interval) to align transmission over multiple carriers.

· FFS: If the eNB can receive on a carrier while transmitting on another carrier, freeze backoff counter(s) for the carrier(s) not transmitting while other carrier(s) is transmitting if the carriers are within X MHz apart.

· FFS: X MHz

· FFS: Whether LAA supports Alt1 + Alt2 or Alt2 only.

In this contribution, we focus on the multi-carrier LBT operation for LAA and present our views. 
2 Multi-carrier LBT operation for LAA
Regarding the multi-carrier LBT operation in WiFi, one of 20M channels is designated as primary 20MHz channel and the others as secondary 20MHz channels. In the primary channel, EDCA with corresponding contention window and the random backoff procedure is applied. While for each secondary channel, only a quick CCA check with a duration of PIFS period (25us) is performed prior to the expiry of the backoff counter on the primary channel in order to determine whether this secondary channel is available for transmission or not. The eNB is allowed to simultaneously transmit DL data burst(s) on the carriers sensed idle according to above procedure. The whole procedure is shown in Figure 1 as one example. It is noted that the designation of the primary LBT channel is up to AP and the WiFi primary channel is always included in all transmissions, i.e., transmission on secondary channels alone is not supported. Hence, neighboring APs in a WiFi network are recommended to have different primary channels in order to avoid heavy channel access competition on one carrier and then improve the unlicensed spectrum utilization efficiency.
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Figure 1: multi-carrier LBT operation for WiFi
Hence, for LAA multi-carrier LBT operation, there are two alternatives so far. Alternative 1 is to extend WiFi LBT operation to LAA, i.e., eNB performs LBT Cat.4 on only one unlicensed carrier and performs quick CCA check on the other configured carriers for a period same as WiFi PIFS before the completion of LBT Cat.4 on the one carrier. Alternative 2 is that eNB performs LBT Cat.4 on more than one unlicensed carriers and is allowed with self-deferral in order to align the transmission over multiple carriers. In 3GPP RAN1#82 meeting, both alternatives are agreed for further study regarding multi-carrier LBT operation for LAA.
Regarding Alternative 1, eNB needs to select one unlicensed carrier as the primary LBT carrier and perform LBT Cat.4 on that. The benefit is that it has same LBT operation to WiFi and some evaluation results have shown LAA can coexist well with WiFi if Alternative 1 is adopted for LAA multi-carrier LBT[2]. The problem is when a same one carrier is selected as the primary LBT carrier both by neighboring LAA eNBs and WiFi AP, performance degradation may be caused due to heavy competition on the same carrier. So one issue needs to be solved is how fast eNB can change the primary LBT carrier in order to avoid possible collision of selecting a same carrier as primary LBT carrier by multiple LAA cells and WiFi APs.
Regarding Alternative 2, the procedure of LBT Cat.4 is performed independently on each configured unlicensed carrier for LAA. Therefore, it is difficult for eNB to simultaneously grab the channels due to the generated random backoff counters and the different channel status for each carrier. To overcome this difficulty, the same random counter has to be generated for extended CCA check on each carrier for the purpose of synchronizing the random number N (using the same “q”) across all configured unlicensed carriers. Nevertheless, considering the presence of different interference on each carrier, the completion of LBT Cat.4 on each carrier is not aligned. After completing LBT Cat.4 on one carrier, eNB has to wait for additional CCA slots, i.e., self-deferral, to let other carriers complete the LBT Cat.4 and then can aggregate wider bandwidth. At the eNB, this can be based on an estimation of the amount of waiting time needed for completing the ECCA procedure on a desired number of carriers and can be determined dynamically for each transmission burst. However, this alternative has several drawbacks. One drawback is lower spectrum utilization efficiency due to resource waste during self-deferral procedure compared to Alternative 1. The second drawback of Alternative 2 is that the carriers which random backoff procedure have already been completed may lose the transmission opportunity during the self-deferral procedure. The third drawback is that it leads to quite complicated eNB implementation. eNB needs to estimate the possible remaining time for other carriers to complete the ECCA procedure after one carrier completes the LBT Cat.4. In addition, eNB also needs to determine how many carriers or how much bandwidth it wants to aggregate together for the upcoming transmission burst.
3 Enhanced multi-carrier LBT for LAA
As mentioned in Section 2, each alternative for multi-carrier LBT has its own drawbacks. In this section, in order to better utilize the unlicensed spectrum, one enhanced multi-carrier LBT operation is proposed for LAA. The detailed scheme is described as below:

· Independent LBT Cat. 4 can be performed on more than one unlicensed carrier and the random backoff counter for each carrier can be generated independently. So the eNB is not necessary to configure the primary LBT Cat.4 carrier or change it. 
· As long as the LBT Cat.4 is to be completed in one carrier, the eNB can sense other configured carriers by a CCA check for a period, e.g., same as PIFS (25us), immediately before the completion of LBT on the one carrier. Then the eNB is allowed to transmit DL data burst(s) on the carriers sensed idle.

One example is shown in Figure 2. Independent LBT Cat.4 are performed on four configured unlicensed carriers and the random backoff counter for each carrier is generated independently. Due to the possible different generated random backoff counter and different interference situation on each carrier, the progress of performing LBT Cat.4 on four carriers may be different. Assuming the LBT Cat.4 on carrier 2 completes faster than others, before the completion of ECCA procedure on carrier 2, eNB shall stop the ECCA procedure and start a CCA check with a duration of 25us (same to PIFS) on the other carriers. Suppose the CCA check on carrier 1 and carrier 3 is idle while CCA check on carrier 4 is busy, then the eNB can transmit the DL burst on the carriers 1 – 3.
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Figure 2: enhanced multi-carrier LBT operation for LAA

4 Conclusions
In this contribution, we focus on the multi-carrier LBT operation for LAA and present our views. 
Based on our analysis, we have below proposals:
Proposal 1: Independent LBT Cat 4 can be performed on more than one unlicensed carrier. It is not necessary for eNB to configure the primary LBT Cat.4 carrier or change it. 
Proposal 2: As long as the LBT Cat.4 is to be completed in one carrier, the eNB can sense the other configured carriers for a period, e.g., with a duration of PIFS (25us), immediately before the completion of LBT Cat.4 on the one carrier. Then the eNB is allowed to transmit DL data burst(s) on the carriers sensed idle.
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