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1 Introduction
At the RAN1#82 meeting, it has been discussed multicarrier LBT operation for LAA DL and RAN1 has concluded as follows [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 discuss LAA DL LBT procedure for multicarrier transmission and provide our view on LBT design options for multicarrier transmission on LAA.

2 Discussion on LBT operation for Multicarrier Transmission
Regarding LBT procedure for multicarrier transmission on LAA DL, we have discussed several contributions and way forwards in the RAN1#82 meeting and we have also agreed on two alternatives for multi-carrier LBT on a group of carriers as following: 
· Alt 1: 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.
· Alt 2: 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. 
The Alt-1 is quite similar with a wide channel access mechanism in Wi-Fi and it might seem to be useful for fair coexistence with Wi-Fi from the perspectives of a Cat-4 based LBT in a single unlicensed carrier, compared with primary-based channel access in Wi-Fi. However, it can restrict network’s scheduling flexibility on LAA DL since one carrier of unlicensed carriers (as like primary carrier in Wi-Fi) for Cat-4 based LBT procedure should always be configured for the multicarrier transmission. Further, it may result in decreasing the channel access opportunities on unlicensed carriers depending on the selection of one special carrier. Also, it requires to specify a mechanism how to decide one carrier of unlicensed carriers and how fast the eNB can change the carrier requiring Cat-4 based LBT. In addition, there is no additional gain from channel bonding for multicarrier transmission on LAA in contrast with Wi-Fi, since LAA would simply utilize a CA framework for multicarrier transmission when the channel is sensing as idle on adjacent carriers without any channel bonding mechanism. 
In order to further investigate the impact of the channel bonding rule and a change of Cat-4 based LBT carrier on Wi-Fi and LAA performance, we simply evaluate Alt-1 by focusing on the channel access behavior when Wi-Fi and LAA nodes contend, rather than transmission performance like throughput and latency. Thus we consider a full buffer traffic condition and measure the total channel occupancy rate which is defined as [2] 
Total channel occupancy rate = (Sum of channel occupancy time on all channels) / (number of channels x total simulation time)
where the channel occupancy time includes successful transmission events only. The assumptions of the simulation scenarios are listed on the Appendix A.
Since channel access behavior with Wi-Fi channel bonding rules is highly impacted by the presence of legacy Wi-Fi nodes using a narrow bandwidth in different LBT channels, we also consider single channel Wi-Fi nodes in simulation. Thus we consider the following two deployment scenarios:
· Scenario 1: 1 wider bandwidth Wi-Fi AP and 1 LAA eNB, each with a single user station and UE, respectively; The Wi-Fi AP uses channel #0 as an LBT channel (i.e., primary channel) and the LAA eNB’s is showed on simulation results.
· Scenario 2: Two single channel Wi-Fi APs, each with a single user station, are added to Scenario 1. Both use channel #3 as an LBT channel.
Firstly, we show the simulation results with and without Wi-Fi channel bonding rules for LAA in Figures 1 and 2. Figure 1 is for Scenario 1. In this case, Wi-Fi and LAA share the medium with perfect fairness regardless of the LBT channel of LAA and the use of Wi-Fi channel bonding rules. When single channel Wi-Fi nodes are added in channel #3 (Scenario 2), as shown in Figure 2, Wi-Fi’s channel occupancy rate deteriorates significantly while the use of Wi-Fi channel bonding rules by LAA still makes almost no impact on Wi-Fi’s channel occupancy rate. This is because single channel Wi-Fi nodes access the medium independently in channel #3 and this makes it hard for the wider bandwidth Wi-Fi AP to find the chance that all four channels are idle right before transmission. When Wi-Fi channel bonding rules are applied to LAA in Figure 2 (right), Wi-Fi’s channel occupancy rate has a negligible change while LAA’s is decreased significantly. Especially, when LAA’s LBT channel is #2, the rate gets even worse since the LAA eNB can transmit in channel #2 only if single channel Wi-Fi AP(s) is transmitting in channel #3. When LAA uses channel #3 as an LBT channel, the LAA eNB contends with the single channel Wi-Fi APs, thus they have larger CWS on average than before. Then, it is more probable that the wider bandwidth Wi-Fi AP finds four idle channels when a back-off procedure is finished in channel #0. Thus, Wi-Fi achieves a significantly improved rate in this case.
· Observation 1: Imposing Wi-Fi channel bonding rules to LAA seems to have no significant impact on Wi-Fi performance while it does on LAA performance.
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Figure 1: Total channel occupancy rate in Scenario 1 (No single channel Wi-Fi nodes) with different LBT channels of LAA eNB without Wi-Fi channel bonding rules (left) and with the rules (right)
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Figure 2: Total channel occupancy rate in Scenario 2 (single channel Wi-Fi nodes are added in channel 3) with different LBT channels of LAA eNB without Wi-Fi channel bonding rules (left) and with the rules (right)

As seen above, the channel occupancy rate of Wi-Fi and LAA Alt-1 is greatly impacted by the selection of LBT channel when single channel Wi-Fi nodes coexist. Therefore, we also consider the capability that the LAA eNB changes its LBT channel dynamically as similar with [3] and model this capability as follows: an LAA eNB picks an LBT channel among four channels randomly after transmitting N transmission bursts. In this simulation, N=100 is considered and no Wi-Fi bonding rules are applied to LAA. In addition, we consider two simple options of CWS policy upon a change of an LBT channel as follows:
· Option 1: CWS is reset to the minimum value. 
· Option 2: CWS remains unchanged.
Figure 3 shows that enabling the capability results in moderate performance for both Wi-Fi and LAA. The achieved channel occupancy rate is lower than the best case, but higher than the worst case; Wi-Fi has the worst rate when the LAA eNB uses LBT channel #0 to #2 while having the best rate when the LAA eNB uses LBT channel #3, and the random change of LAA’s LBT channel results in the rate between these two cases. LAA’s channel occupancy rate also shows a similar trend; the best rate when the LBT channel #0 to #2, the worst rate when the LBT channel is #3, and in-between rate when the random change of LAA’s LBT channel is applied. Thus this capability cannot reach the best case for each, but at least lets both Wi-Fi and LAA avoid each’s worst case. 
· Observation 2: To consider a change of Cat-4 based LBT channel for the LAA eNB would be helpful that both Wi-Fi and LAA nodes achieve moderate channel occupancy time.
Figure 3 also shows the results of different CWS policies upon a change of an LBT channel. In Option 1 (resetting CWS), the LAA eNB has a smaller CWS on average, thus wining contention for Wi-Fi nodes with a higher probability. However, in Option 2 (preserving CWS), when the LAA eNB switches the LBT channel to channel #1 or #2 from either #0 or #3, it may have inflated CW, thus unnecessarily increasing the latency to access the medium. From these results, we see that CWS policy upon a change of an LBT channel impacts not only the coexistence of Wi-Fi and LAA, but also performance of both Wi-Fi and LAA.
· Observation 3: Setting CWS on LBT carrier in multicarrier transmission needs to be further investigated.
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Figure 3: Total channel occupancy rate in Scenario 2 (single channel Wi-Fi nodes are added in channel 3) for different LBT channel schemes of LAA eNB (without Wi-Fi channel bonding rules)

From the observations above, if Alt-1 as LBT procedure for multicarrier transmission on LAA is adopted, it seems beneficial not to apply Wi-Fi channel bonding rule for LAA and to consider a change of Cat-4 based   LBT channel for the LAA eNB.
· Proposal 1: If Alt-1 as LBT procedure for multicarrier transmission on LAA is adopted, it seems beneficial not to apply Wi-Fi channel bonding rule for LAA and to consider a change of Cat-4 based LBT channel for the LAA eNB.

As a second option, the Alt-2 is to consider individual LBT procedure per carrier and to allow DL data transmission burst over multiple carriers that have completed Cat-4 based LBT with self-deferral in order to align transmission over multiple carriers. In terms of fair coexistence between LAA and Wi-Fi, if Alt-2 is adopted as LBT procedure for multicarrier transmission, it seems that LAA has more aggressive channel access than Wi-Fi like mechanism (i.e. Alt-1) due to individual LBT procedure per carrier, however, in case of existing RF leakage between carriers on unlicensed band, the opportunity for accessing channel can be quite similar between Alt-1 and Alt-2 [4] because other channels on different unlicensed carriers is sensed as busy due to RF leakage while one of multiple unlicensed carriers is used to transmit LAA DL. Furthermore, when Cat-4 based LBT with self-deferral is applied for transmission alignment in multiple carriers, the additional sensing period is required, which may incurs additional delay to occupy multiple channels in LAA. Hence, it is not problematic for Alt-2 on the perspective of coexisting between LAA and Wi-Fi and it is not required for Alt-2 to additionally configure one specific carrier of unlicensed multiple carriers for Cat-4 based LBT as compared with Alt-1.
Based on the discussion for Alt-2 above, we prefer to adopt Alt-2 as LBT procedure for multicarrier transmission that DL data burst(s) transmission is allowed 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
· Proposal 2: It seems beneficial to adopt Alt-2 as LBT procedure for multicarrier transmission on LAA

3 Conclusion
In this contribution, we have discussed LBT operation for multicarrier transmission and summarize our view regarding multicarrier LBT procedure for LAA DL.
· Observation 1: Imposing Wi-Fi channel bonding rules to LAA seems to have no significant impact on Wi-Fi performance while it does on LAA performance.
· Observation 2: To consider a change of Cat-4 based LBT channel for the LAA eNB would be helpful that both Wi-Fi and LAA nodes achieve moderate channel occupancy time.
· Observation 3: Setting CWS on LBT carrier in multicarrier transmission needs to be further investigated.

· Proposal 1: If Alt-1 as LBT procedure for multicarrier transmission on LAA is adopted, it seems beneficial not to apply Wi-Fi channel bonding rule for LAA and to consider a change of Cat-4 based LBT channel for the LAA eNB.
· Proposal 2: It seems beneficial to adopt Alt-2 as LBT procedure for multicarrier transmission on LAA
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Appendix A.
The assumptions of the simulation scenarios are listed below:
· All nodes are within each other’s carrier sense range, i.e., each node can detect the transmissions from all other nodes. 
· Full buffer downlink traffic for both Wi-Fi APs and LAA eNBs.
· A transmission burst of Wi-Fi and LAA is modeled as a continuous 4 ms transmission.
· Wider bandwidth Wi-Fi AP and LAA eNB can use maximum 4 channels (channel index from 0 to 3) for DL transmission.
· Wi-Fi and LAA nodes use the same backoff parameters as CWmin=15 and CWmax=63.
· Wider bandwidth Wi-Fi AP performs static bandwidth operation with which a transmission over four channels is made only if all three remaining channels are sensed idle during a PIFS period when a back-off procedure in an LBT channel is about to be finished; if any of three remaining channels is sensed busy, Wi-Fi AP doubles CWS and performs a backoff procedure with a new backoff count value without a transmission.
· If a collision occurs, all transmissions involved with the collision fail. 
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