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1 Introduction
At RAN #82 meeting the multicarrier LBT operation of LAA was discussed and two alternatives were derived to support simultaneous transmission start over multicarriers in the same band [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 and compare the two alternatives and present our preference on multicarrier operation for LAA DL.
2 Discussion for Alt1
As clarified in [2], the features of 802.11ac multicarrier transmission include
· Backoff counter is only generated and counted down for the primary channel, while the secondary channels sense the channel during one PIFS interval preceding the expiration of the backoff counter of the primary channel. Thus the AP can only start the transmission when the primary channel is clean.
· The simultaneously occupied channels need to be contiguous. In addition, only the bandwidths of 20/40/80 MHz are supported.

· CCA-SD threshold for the secondary channel (-72 dBm per 20 MHz) is higher than that for the primary channel (-82 dBm per 20 MHz).
If the backoff based carrier is statically or semi-statically configured, the multicarrier LBT mechanism of Alt1 is similar to 802.11ac in terms of the first bullet. 802.11ac needs to configure a primary channel because it has to be backward compatible with 20MHz legacy 802.11 systems which can be configured at the primary channel. Compared to 802.11ac, however, the primary carrier for LAA is on licensed band, and all unlicensed carriers can be individually scheduled and then contend for channel access. 
As a result, Alt1 is at the expense of sacrificing the channel access opportunities of LAA since the transmitter would fail to transmit on carriers performing PIFS based channel sensing if the carrier performing backoff based channel sensing is blocked. If the backoff based carrier is statically or semi-statically configured, there is possibility that the backoff based carrier is configured as a busy channel, thus the transmitter would possibly be persistently blocked over wide band even if other PIFS based carriers are clean. 
On the other hand, the channel access can be improved if the backoff based carrier is dynamically configured based on the result of channel contention per transmission burst, e.g., the transmitter first perform individual backoff countdown over all available carriers and the carrier which first completes the backoff countdown can be selected as the backoff based carrier while the remaining carriers are configured as PIFS based carrier. This adaptive approach would lose the randomness of backoff counter, e.g., the backoff counter of the carrier which first completes the countdown among M carriers may be much less than a uniformly generated backoff counter. This subsequently reduces the average waiting time for transmission burst and may harm co-existing RATs.
Observation 1: Adopting Alt1 by statically or semi-statically configuring the carrier which performs Cat-4 based LBT would decrease the channel access opportunity for LAA.
Observation 2: Adopting Alt1 by dynamically configuring the carrier which performs Cat-4 based LBT may alleviate the channel access issue but may lead to unfair co-existence with Wi-Fi.
3 Discussion for Alt2

Compared to Alt1, Alt2 can individually perform backoff based LBT over multiple carriers and achieve the following advantages:
More efficient in using the clean carriers, compared to semi-static Alt.1
The transmitter can capture more opportunities to occupy the clean carriers after Alt2 multicarrier LBT operation when partial carriers are busy and others are clean. As a comparison, the transmitter may fail to access all carriers in this case if the backoff based carrier is configured as a busy carrier under static or semi-static Alt1 even if other carriers are clean.
Guarantee fair co-existence with Wi-Fi
Alt2 would not cause more harmful impact to other co-existing systems such as Wi-Fi than single carrier operating channel bandwidth because the only the carrier completing a full cat.4 random backoff countdown can be used for transmission, and even more waiting time is expected due to self-deferral. 

More flexible bandwidth use
Compared to Alt1, the transmitter can easily achieve the trade-off between bandwidth per transmission burst and transmission opportunities by autonomously determining the self deferral time, e.g., the transmitter may early occupy the channel with narrow bandwidth by decreasing the self deferral time or potentially capture additional idle carriers by increasing the self deferral time.
In addition, Alt.2 is a straightforward extension of single-carrier LBT behavior to multiple-carrier scenario, without further specification efforts being expected. 
Proposal: LAA supports Alt.2 only as the multicarrier LBT mechanism.
4 Conclusion

In this contribution, we discussed and compared the two alternatives for LAA multicarrier LBT mechanism. Based on the discussion we draw the following observations and proposals:
Proposal: LAA supports Alt.2 only as the multicarrier LBT mechanism.
References

[1] RAN1 Chairman’s Notes for RAN1 #82 meeting.
[2] R1-154342, “Multicarrier operation for LAA DL”, Huawei, HiSilicon.
























































































































