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1 Introduction

One of the open issues for LAA DL LBT procedure is the LBT design for multiple-carrier transmission. Multi-carrier transmission on unlicensed spectrum to a UE can provide high peak rate to the UE. It can also help to clear the buffer of eNB as quickly as possible, which can result in interference reduction and network power savings. In addition, an LBT procedure is also defined for Wi-Fi multi-carrier. Hence, it seems important to specify LBT procedure that can allow efficient LAA multi-carrier transmissions. 
In the RAN1 #82 meeting, the following was agreed.

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 further details of Alt2 and present our views on LBT procedures that should be supported.
2 Review of Wi-Fi multi-carrier LBT
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Figure 1. Channel bonding for 160 MHz transmission
In this section, we briefly summarize the features and key issues for multi-carrier LBT operations in Wi-Fi 802.11ac [2]. In the 5 GHz band, channel bandwidths of 20 MHz, 40 MHz, 80 MHz, 160 MHz, and 80+80 MHz are all supported, where the wider channel widths are formed by bonding 20 MHz sub-channels in a non-overlapping and contiguous way. Figure 1 shows an example of channel bonding process, where the primary 20 MHz channel is the first carrier (selected by AP). 
Before transmission, a Wi-Fi AP needs to perform a regular LBT process, where channel sensing with a DIFS duration followed by a sequence of backoff slots is required on the primary 20 MHz channel. Before the end of LBT process on the primary 20 MHz channel, all secondary channels perform a quick CCA check with a PIFS duration to determine whether the AP has wider available bandwidth for transmission. The thresholds for CCA check on secondary channels are different from the ones on the primary 20 MHz channel (-82 dBm for CCA-CS and -62 dBm for CCA-ED). Table 1 provides the exact values of CCA-CS and CCA-ED thresholds for secondary channel with different bandwidths. If all the CCA checks on secondary channels are clear, the AP can transmit on the largest bandwidth (as shown in Figure 2).
Table 1. CCA threshold for secondary channels [2]

	Secondary Channel Width (MHz)
	CCA-CS Threshold (dBm)
	CCA-ED Threshold (dBm)

	20
	-72
	-62

	40
	-72
	-59

	80
	-69
	-56
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Figure 2. Example of Wi-Fi multi-carrier LBT for 80MHz when all secondary channels are clear
If any of the CCA checks on secondary channels is busy, the AP falls back to choose the primary channel with largest bandwidth to transmit. For example, as shown in Figure 3, if the secondary 40 MHz channel is busy, the AP transmits on the primary 20MHz + Secondary 20MHz (40 MHz total). 
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Figure 3. Example of Wi-Fi multi-carrier LBT for 80MHz when the secondary 40 MHz channel is busy
3 LAA DL multiple-carrier LBT 
3.1 Remaining issues for Alt1

In our understanding, the basic principle of Alt1 is to achieve “fair co-existence by design” due to its similarity with Wi-Fi operation. With this in mind, we present our views on the remaining issues for Alt1 below.
Issue 1: How fast the eNB can change the carrier requiring Cat-4 based LBT

Since Alt1 is meant to achieve “fair co-existence by design” (to a certain extent), it is reasonable from our point of view to limit how fast the eNB can change the carrier requiring Cat-4 based LBT. It seems reasonable that the eNB would only consider change of carrier if the carrier requiring Cat-4 based LBT is experiencing high load, based on eNB sensing or UE RRM/RSSI reports. Such measurement would typically take several 100s of ms. Therefore, it seems reasonable to allow eNB to change carrier at the same rate. With this rate of change that is rather long compared to the time-scale of LBT procedure, co-existence is not expected to be an issue. Additionally it can be  beneficial for multiple intra-operator eNBs to align their carriers performing Cat-4 LBT to support higher frequency reuse gain.
Issue 2: Whether to apply the Wi-Fi channel bonding rule

Our understanding is that 802.11ax is considering more flexible channel bonding rule. Flexibility of LAA carrier aggregation, especially non-contiguous spectrum aggregation, is also one of the important competitive advantages for LTE. Therefore, we don’t see strong justification to apply the same Wi-Fi channel bonding rule for LAA, unless Wi-Fi performance is degraded from this. 
Issue 3: Energy detection threshold used on channels not performing Cat-4 based LBT

Again, since Alt1 is meant to achieve “fair co-existence by design”, the energy detection threshold used on channels not performing Cat-4 based LBT should be the same as Wi-Fi’s (i.e. Table 1).

Proposals for Alt 1:
1. The eNB can change the carrier requiring Cat-4 based LBT in the order of once every 100s of ms.
2. It is not mandatory to apply the Wi-Fi channel bonding rule for LAA.
3. The energy detection threshold used on channels not performing Cat-4 based LBT should be the same as Wi-Fi’s.
3.2 Remaining issues for Alt2
Alt2 represents extension of the single carrier LBT to multi-carrier case. Possible options for Alt2 were summarized as follow (part of the options are presented in [1]):
· Alt2a: individual LBT procedure per carrier with self-deferral to align transmission over multiple carriers. 
· CWS update

· Option 1: CWS per carrier and take the maximum of all CWS
· Option 2: CWS per carrier

· Other options are not precluded

· Random backoff counter generation

· Option 1: common random counter for all carriers
· Option 2: independent random counter per carrier
· Backoff counter update for unused carrier(s) right after transmission(s)

· Option 1: reset backoff counter(s) for all the carriers

· Option 2: resume countdown for the unused carriers
· Self-deferral duration/periodicity
· Option 1: fixed

· Option 2: adaptively adjusted (e.g. based on target throughput requirement, or eNB’s assessment of other channel states)

· Alt 2b: individual LBT procedure for each combination of carriers. Transmission is allowed on a combination of carriers when the corresponding LBT procedure is successfully completed. Example: For two carriers (carrier 1, carrier 2), individual LBT procedure can be performed for carrier 1, carrier 2 and carrier 1+2. The CCA thresholds for single carrier and combination of multiple carriers can be different. 
· Choice of carrier combinations

· Option 1: all possible combinations 

· Option 2: a subset of all possible combinations

· Backoff counter and self-deferral

· Option 1: same backoff counter for each combination without self-deferral

· Option 2: same backoff counter for each combination with self-deferral

· Option 3: independent backoff counter for each combination with self-deferral
From our point of view, Alt2 and its many variants are not expected to have worse impact to a Wi-Fi neighbor than the scenario with independent LAA nodes operating single carrier on separate carriers. This is because the aggregated channel occupancy behaviour is not expected to be more aggressive than the scenario of independent LAA nodes on separate carriers. The options for the different aspects of Alt2 mainly have impact to LAA performance. There may be many more possible optimizations that be done and in this sense, specifying all possible optimizations that can be performed by the network does not seem realistic. Therefore, in our view, instead of detailed specifications of what is allowed for multi-channel LBT, test cases can be specified to check for acceptable co-existence performance. 
Proposal for Alt 2: 
1. Alt 2a and Alt 2b are both supported.
2. Instead of detailed specifications of what is allowed for multi-channel LBT, test cases can be specified to check for acceptable co-existence performance.
Finally, to allow for implementation flexibility, both  Alt 1 and Alt 2 should be supported for LAA.
Proposal: Both Alt1 and Alt2 are supported for LAA.
4 Conclusions
In this contribution, we presented our views on the LBT procedure for multi-carrier transmission. 
Proposals for Alt 1:

1. The eNB can change the carrier requiring Cat-4 based LBT in the order of once every 100s of ms.
2. It is not mandatory to apply the Wi-Fi channel bonding rule for LAA.
3. The energy detection threshold used on channels not performing Cat-4 based LBT should be the same as Wi-Fi’s.
Proposals for Alt 2:

1. Alt 2a and Alt 2b are both supported.
2. Instead of detailed specifications of what is allowed for multi-channel LBT, test cases can be specified to check for acceptable co-existence performance.
Proposal: Both Alt1 and Alt2 are supported for LAA.
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