
3GPP TSG-RAN WG1 Meeting #82bis
R1-155547
Malmo, Sweden, 5th –9th October 2015
Agenda item:

7.2.3.1
Source:
Broadcom Corporation
Title:
Discussion on LAA DL Multi-channel LBT
Document for:

Discussion and Decision

1
Introduction

The Work Item on LAA in unlicensed spectrum (RP-151045) was approved at RAN plenary meeting #68 [3]. One objective of the LAA WI is [3]. 

“The LAA design should allow fair coexistence between Wi-Fi and LAA and fair coexistence between different LAA systems.”
Based on the LAA Study Item [1], the listen-before-talk (LBT) is identified as a vital feature for fair and friendly operation in the unlicensed spectrum for LAA [2]. One important topic of the LAA LBT design is the LAA DL multi-channel LBT. The following agreements have been made in the RAN1#82 meeting [4]
	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 the agreements, there are two alternative schemes for the multi-channel LBT. In this contribution, we evaluate the two schemes through the simulations. We point out the technical issues of the two schemes based on the simulation studies, and further make the proposals to address the issues.
2
Discussion
2.1. Wi-Fi 11ac multi-channel LBT
The Wi-Fi 11ac can support up to 160MHz bandwidth (11n can support up to 40MHz bandwidth). To facilitate the wider channel access, the 11ac uses the primary channel and secondary channel concepts [5]. One of the 20MHz sub-channel is selected as the primary 20MHz channel. The primary 40MHz channel and primary 80 MHz channel are the valid 40MHz and 80MHz channels that contain the primary 20MHz channel, respectively. The 20MHz channel next to the primary 20MHz channel and within the 40MHz primary channel is called the secondary 20MHz channel. The similar definitions are for secondary 40MHz and secondary 80MHz channels respectively.
The 11ac STA performs the normal CCA backoff procedure based on the activity of the primary 20MHz channel. To decide if the STA can transmit on the secondary channels, the STA need check the activity on the secondary channels for the PIFS (25us) period prior to the intended transmission time. If the secondary channels are idle, the STA may use them subject to the so called “channel bonding” rule. That is the STA can only use the consecutive idle channels and the channel occupancy must also follow the primary channels. A 20MHz transmission occurs in the primary 20MHz channel. A 40 MHz transmission occurs in the primary 40MHz channel and so on. For example, an 80MHz transmission on the primary 80 MHz channel can happen only if both the secondary 20MHz channel and the secondary 40 MHz channel were idle during an interval of PIFS immediately preceding the start of the TXOP.
The CCA checks for the 11ac are hierarchical. A check is first made on the primary 20MHz channel. If it is idle, then check is made on the secondary 20MHz channel and so on. The CCA requirements on the primary 20MHz channel are same as the single channel Wi-Fi. That is the energy detection (ED) threshold is -62dBm and the preamble detection (PD) threshold is -82dBm. The secondary channels have the different CCA requirements. For example, one requirement is that the 11ac STA need detect a valid 40MHz OFDM PPDU occupying the secondary 40MHz channel at or above -72dBm with 90% probability within 25us [5]. The secondary channels CCA is typically achieved based on the ED. To meet the above requirement, the 11ac STA need have the -75dBm ED threshold for the secondary 20MHz channel, which is 13dB lower than the ED threshold on the primary 20MHz channel.
2.2. Evaluated LAA multi-channel LBT schemes
The RAN1#82 meeting agreements outlined two alternative schemes for the LAA DL multi-channel LBT [4]. The Alt1 tries to follow the 11ac multi-channel LBT design. However, most proposals belonging to this category do not contain the key components of the 11ac LBT scheme such as the channel bonding rule, the lower ED threshold on the secondary channel, and the specified primary and secondary channels. One typical example is shown in the contribution as the Class A scheme [6]. For easy reference, the descriptions of the scheme are copied as below 

“The eNB can start the full-fledged random backoff on all the channels. The SCell that finishes the random backoff first is the one considered as the channel with the full-fledged random backoff. To determine whether any other channel is idle for duration of PIFS before intended transmission, the last slots of the random backoff procedure corresponding to other channels are taken into account and examined and the channels which are found to be idle are used for the transmission”. 

We call the scheme as the fastest multi-channel LBT in this contribution and will evaluate its performance through simulations.
The Alt2 scheme does the full Cat-4 LBT on each channel and uses the self-defer stage to align the transmission over multiple channels. This category schemes do not contain the channel bonding rule either. One typical example is from contribution [7]. For easy reference, the descriptions of the scheme are copied as below too

“When transmission(s) from one or more carriers ends, all the carriers should perform post random back-off with a new counter value that is newly generated and commonly applied to all the carriers. A carrier that completes the LBT (i.e., back-off counter = 0) can defer its transmission to be aligned with other carriers. The deferral time can be chosen by the eNB in a semi-static or a dynamic manner. Once a carrier defers its transmission, it should find again the channel idle for 25us before transmission. Once at least one carrier starts to transmit, other carriers that have not started transmission, cannot transmit until the ongoing transmission on other carrier(s) ends. The carriers transmitting data may not be contiguous.”
We call the scheme as the full multi-channel LBT in this contribution and will evaluate its performance through simulations. In the simulation, we set the self-defer duration as the 10 slots time.
2.3 Simulation configuration

We set up the simple scenarios to evaluate the different multi-channel LBT schemes. Some key assumptions of the scenarios are listed below.

· Each node can detect the transmissions from all other nodes with the ED threshold -62dBm. (In this contribution we mainly focus at the channel bonding rule so designed scenario does not address the aspect of the lower ED threshold of the Wi-Fi 11ac secondary channel)
· The path loss between any two nodes is set as fixed 68dB.
· Model the adjacent channel leakage-power. The first adjacent channel has ACLR 21dB. The second and third adjacent channels have the ACLR 41dB.

· eNB/AP total Tx power is 23dBm across aggregated channels.

· Full buffer traffic for each node.
· TxOP of Wi-Fi and LAA is modelled as a continuous 4ms transmission.

· 11ac and LAA node can use maximum 4 continuous channels (channel index from 0 to 3) for DL transmission (80MHz).

· Wi-Fi nodes follow the EDCA backoff procedure. (CWmin=15, CWmax=1024, AIFSN=2).
· LAA LBT basic parts also follow the EDCA backoff procedure. (CWmin=15, CWmax=1024, AIFSN=2, ACK/NACK based triggering)
· For the LAA fastest and full multi-channel LBT schemes, the common random backoff counter is used for all channels. The CW size update and random backoff counter selection follow the references.

Note that our key focus of the simulations is the comparison of different multi-channel LBT schemes behaviours themselves instead of other system performances such as the UPT and latency. Hence, we use the full buffer traffic model in the simulations. We believe that the full buffer condition could provide some useful insight of the multi-channel LBT operation. 
We use the channel occupancy rate as the metric to evaluate the multi-channel LBT performance. For multi-channel, the total channel occupancy rate of a node is defined as
Total channel occupancy rate = (Sum of channel occupancy time on all channels) / (number of channels * total simulation time)

The single channel occupancy rate would be simply the channel occupancy time of the node of the channel divided by the total simulation time. Since we model the Wi-Fi and LAA to have the same TxOP time of 4ms, the channel occupancy rate can be directly translated to the channel access probability that is also directly related to the LBT behaviour. Note that we subtract the channel collision time from the channel occupancy time of each node in the calculations.

We follow the similar methodology as in [2] to evaluate the coexistence impacts. As the first step, we will choose two Wi-Fi 11ac nodes (node 0 and node 1) to coexist in the 4 channels and record their channel occupancy rates. In the second step, we will replace the Wi-Fi 11ac node 1 with the LAA multi-channel node and repeat the test. We will record the nodes channel occupancy numbers again and compare them with ones of the step one.
To create the realistic scenarios, we also add one or two single channel nodes in the scenarios. The single channel node could be a Wi-Fi 11n or 11ac node that is configured to work in the single channel mode, an 11a node, a single channel LAA node with normal Cat4 LBT, a LAA, 11n or 11ac node that transmits data using the single channel from the time to time, etc.
2.4. Simulation results

We conducted the coexistence tests in two scenarios. One is the 3 nodes scenario and another is the 4 nodes scenario.
2.4.1
3 nodes scenario
In this scenario, we placed two Wi-Fi 11ac nodes whose primary channels are both at channel 0 in the test. We also put a third single channel node (node 2) in the channel 0. The total and individual channel occupancy rates of the node 0 and node 1 are shown in the figure 1 and 2, respectively. We can see node 0 and node 1 both get about the one third of the total channel occupancy rate since their primary channels are aligned on channel 0 and there is one additional single channel node on channel 0.
To test the LAA fastest multi-channel LBT scheme, we replaced the 11ac node 1 with the LAA node with the LBT scheme as the second step. The total and individual channel occupancy rates of the node 0 and node 1 are shown in the figure 1 and 3, respectively. We can see from Fig 1 that the non-replaced Wi-Fi 11ac node 0 total channel occupancy rate drops from 30% to 12% while the LAA node gets 72% total channel occupancy rate in this step. The individual channel occupancy figure 3 further shows that the LAA node occupies the 3 channels (channel 1 to 3) at most of the time while the 11ac node can only share with another single channel node on channel 0. The 11ac node almost has no chance access to the channel 1 to 3 during the simulation. The explanation of the unfair phenomenon is that the LAA fastest multi-channel LBT will cause LAA node to occupy the channel 1 to 3 whenever the single channel node transmits on channel 0. Once LAA gets on the channel 1 to 3 the 11ac node will have less chance to access them due to the asynchronous transmit timing between 11ac and LAA nodes and the full buffer traffic model used. Even though we can argue this is the extreme case due to the full buffer traffic, it does show the trend that the fastest multi-channel LBT can grab the channels with the higher probability than the Wi-Fi 11ac multi-channel LBT in the coexistence scenario where there are nodes with the mixed channel access capabilities coexisting with each other. Hence, the fastest multi-channel LBT is more aggressive than the 11ac multi-channel LBT. The root cause for the aggressiveness of the fastest multi-channel LBT scheme is that the LBT scheme does not have the primary and secondary unlicensed channel concepts and does not utilize the channel bonding rule. Such LBT scheme can make LAA node grab whatever available channels without the channel bonding rule limitation.
To test the LAA full multi-channel LBT scheme, we replaced the 11ac node 1 with the LAA node with the LBT scheme as the second step. The total and individual channel occupancy rates of the node 0 and node 1 are shown in the figure 1 and 4, respectively. We can see from Fig 1 that the non-replaced Wi-Fi 11ac node 0 total channel occupancy rate drops from 30% to 13% while the LAA node gets 70% total channel occupancy rate in this step. The individual channel occupancy figure 4 further shows that the LAA node occupies the 3 channels (channel 1 to 3) at most of the time while the 11ac node can only share with another single channel node on channel 0. The 11ac node almost has no chance access to the channel 1 to 3. The explanation of the unfair channel occupancy rate is same as to the fastest multi-channel LBT scheme. Hence, the full multi-channel LBT is more aggressive than the 11ac multi-channel LBT. The root cause for the aggressiveness of the full multi-channel LBT scheme is still that the LBT scheme does not have the primary and secondary unlicensed channel concepts and does not utilize the channel bonding rule.
If we let the LAA node use the same multi-channel LBT scheme as the 11ac one, that is LAA will define the primary unlicensed channel and secondary unlicensed channels, the primary unlicensed channel is set as channel 0, and it also utilizes the channel bonding rule, then the second step test will generate the same channel occupancy rate numbers as the first step does. Hence, the Wi-Fi 11ac multi-channel LBT scheme and especially the channel bonding rule can ensure the LAA to fairly share the multi-channel access with Wi-Fi 11ac.
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Figure 1 Total channel occupancy rates for different coexistence cases
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Figure 2 Individual channel occupancy rates when Wi-Fi 11ac coexists with Wi-Fi in 3 nodes scenario
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Figure 3 Individual channel occupancy rates when LAA fastest multi-channel node coexists with Wi-Fi in 3 nodes scenario
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Figure 4 Individual channel occupancy rates when LAA full multi-channel node coexists with Wi-Fi in 3 nodes scenario
2.4.2
4 nodes scenario

In this scenario, we placed two Wi-Fi 11ac nodes whose primary channels are at channel 0 and channel 3 respectively in the test. We also put a third single channel node (node 2) in the channel 0 and fourth single channel node (node 3) in the channel 2. The total and individual channel occupancy rates of the node 0 and node 1 are shown in the figure 5 and 6, respectively. We can see from Fig 5 that node 0 and node 1 both get about the one fourth of the total channel occupancy rate. The Fig 6 further shows the two nodes share the 4 channels in the FDMA fashion since they have the different primary channels. The 11ac node 0 can access the channel 0 and channel 1 simultaneously in half of the time.
To test the LAA fastest multi-channel LBT scheme, we replaced the 11ac node 1 with the LAA node with the LBT scheme as the second step. The total and individual channel occupancy rates of the node 0 and node 1 are shown in the figure 5 and 7, respectively. We can see from Fig 5 that the non-replaced Wi-Fi 11ac node 0 total channel occupancy rate drops from 24% to 12% while the LAA node gets 49% total channel occupancy rate in this step. The Fig 7 further shows that the LAA node 1 occupies the channel 1 and 3 at most of the time and 11ac node 0 can only share the channel 0 with the single channel node 2 in the TDMA fashion.
To test the LAA full multi-channel LBT scheme, we replaced the 11ac node 1 with the LAA node with the LBT scheme as the second step. The total and individual channel occupancy rates of the node 0 and node 1 are shown in the figure 5 and 8, respectively. We can see from the Fig 5 that the non-replaced Wi-Fi 11ac node 0 total channel occupancy rate drops from 24% to 12% while the LAA node gets 47% total channel occupancy rate in this step from Fig 5. The Fig 8 further shows that the LAA node 1 occupies the channel 1 and 3 at most of the time and 11ac node 0 can only share the channel 0 with the single channel node 2.
The explanation of the unfair channel occupancy rates of 11ac and LAA in the second step is same as the 3 nodes scenario. Hence, both the fastest and full multi-channel LBT schemes are more aggressive than the 11ac multi-channel LBT. The root cause for the aggressiveness of both LBT schemes is that the LBT schemes do not have the primary and secondary unlicensed channel concepts and do not utilize the channel bonding rule. Such LBT schemes can make LAA node grab whatever available channels without the channel bonding rule limitation.
If we let the LAA node use the same multi-channel LBT scheme as the 11ac one in the second step, that is LAA will define the primary unlicensed channel and secondary unlicensed channels, the primary unlicensed channel is set as channel 3, and it also utilizes the channel bonding rule, then the second step test will generate the same channel occupancy rate numbers as the first step does. Hence, the Wi-Fi 11ac multi-channel LBT scheme and especially the channel bonding rule can ensure the LAA to fairly share the multi-channel access with Wi-Fi 11ac.
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Figure 5 Total channel occupancy rates for different coexistence cases
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Figure 6 Individual channel occupancy rates when Wi-Fi 11ac coexists with Wi-Fi in 4 nodes scenario
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Figure 7 Individual channel occupancy rates when LAA fastest multi-channel node coexists with Wi-Fi in 4 nodes scenario
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Figure 8 Individual channel occupancy rates when LAA full multi-channel node coexists with Wi-Fi in 4 nodes scenario
2.4.3 Summary of observations

Based on the above simulation results, we can have the following observations.

Observation 1:

The LAA node with either the fastest multi-channel or the full multi-channel LBT scheme can reduce the non-replaced Wi-Fi 11ac node channel occupancy rate in the coexistence tests. Neither LBT schemes can ensure the LAA node to fairly coexist with Wi-Fi 11ac node.
Observation 2:

Both the fastest multi-channel LBT scheme and the full multi-channel LBT scheme can grab the channels with the higher probability than the Wi-Fi 11ac multi-channel LBT in the coexistence scenario where there are nodes with the mixed channel access capabilities coexisting with each other. Both the fastest and full multi-channel LBT schemes are more aggressive than the 11ac multi-channel LBT scheme.
Observation 3:

The root cause for the aggressiveness of the fastest multi-channel and the full multi-channel LBT schemes is that the LBT schemes do not have the primary and secondary unlicensed channel concepts and do not utilize the channel bonding rule. Such LBT schemes can make LAA node grab whatever available channels without the channel bonding rule limitation.
Observation 4:

If we let the LAA node use the same multi-channel LBT scheme as the 11ac one in the second step, that is LAA will define the primary unlicensed channel and secondary unlicensed channels, the primary unlicensed channel is set same as the primary channel of the replaced 11ac node, and it also utilizes the channel bonding rule, then the second step test will generate the same channel occupancy rate numbers as the first step does. Hence, the Wi-Fi 11ac multi-channel LBT scheme and especially the channel bonding rule can ensure the LAA to fairly share the multi-channel access with Wi-Fi 11ac.
2.4. LAA DL Multi-channel LBT design proposals
We need take the fair coexistence requirement with Wi-Fi into consideration when we design the LAA DL multi-channel LBT design. Furthermore, we need consider the LAA multi-channel access flexibility when the channels are not occupied by the Wi-Fi 11ac or 11n nodes. Hence, we make the following proposals.
Proposal 1: When the LAA eNB detects that there are Wi-Fi 11ac or 11n nodes operating on the channels that the LAA eNB intends to transmit on, the LAA eNB need use the Wi-Fi 11ac multi-channel LBT scheme for the multi-channel access in order to ensure the fair coexistence with Wi-Fi.
· Need semi-statically set the primary and secondary unlicensed channels.
· Need follow the Wi-Fi 11ac multi-channel LBT procedures on the primary unlicensed 20MHz channel and secondary unlicensed channels

· Need apply the Wi-Fi 11ac channel bonding rule.
· Need apply the same ED requirement as for the Wi-Fi 11ac secondary 20MHz channel such as -75dBm ED threshold to the secondary 20MHz unlicensed channel.
To the question how to select the LAA eNB primary and secondary unlicensed channels, we can refer to the Wi-Fi 11ac channel selection methods [5] and use them as the starting point for the further discussion.
Proposal 2: When the LAA eNB detects that there are no Wi-Fi 11ac or 11n nodes operating on the channels that the LAA eNB intends to transmit on, the LAA eNB can use the more flexible multi-channel LBT schemes such as the fastest multi-channel LBT or the full multi-channel LBT.

3
Conclusions

In this contribution, we have evaluated the different LAA multi-channel LBT schemes through simulations. Based on the simulation results we make the following observations and proposals.

Observation 1:

The LAA node with either the fastest multi-channel or the full multi-channel LBT scheme can reduce the non-replaced Wi-Fi 11ac node channel occupancy rate in the coexistence tests. Neither LBT schemes can ensure the LAA node to fairly coexist with Wi-Fi 11ac node.

Observation 2:

Both the fastest multi-channel LBT scheme and the full multi-channel LBT scheme can grab the channels with the higher probability than the Wi-Fi 11ac multi-channel LBT in the coexistence scenario where there are nodes with the mixed channel access capabilities coexisting with each other. Both the fastest and full multi-channel LBT schemes are more aggressive than the 11ac multi-channel LBT scheme.

Observation 3:

The root cause for the aggressiveness of the fastest multi-channel and the full multi-channel LBT schemes is that the LBT schemes do not have the primary and secondary unlicensed channel concepts and do not utilize the channel bonding rule. Such LBT schemes can make LAA node grab whatever available channels without the channel bonding rule limitation.

Observation 4:

If we let the LAA node use the same multi-channel LBT scheme as the 11ac one in the second step, that is LAA will define the primary unlicensed channel and secondary unlicensed channels, the primary unlicensed channel is set same as the primary channel of the replaced 11ac node, and it also utilizes the channel bonding rule, then the second step test will generate the same channel occupancy rate numbers as the first step does. Hence, the Wi-Fi 11ac multi-channel LBT scheme and especially the channel bonding rule can ensure the LAA to fairly share the multi-channel access with Wi-Fi 11ac.
Proposal 1: When the LAA eNB detects that there are Wi-Fi 11ac or 11n nodes operating on the channels that the LAA eNB intends to transmit on, the LAA eNB need use the Wi-Fi 11ac multi-channel LBT scheme for the multi-channel access in order to ensure the fair coexistence with Wi-Fi.

· Need semi-statically set the primary and secondary unlicensed channels.

· Need follow the Wi-Fi 11ac multi-channel LBT procedures on the primary unlicensed 20MHz channel and secondary unlicensed channels

· Need apply the Wi-Fi 11ac channel bonding rule.

· Need apply the same ED requirement as for the Wi-Fi 11ac secondary 20MHz channel such as -75dBm ED threshold to the secondary 20MHz unlicensed channel.

Proposal 2: When the LAA eNB detects that there are no Wi-Fi 11ac or 11n nodes operating on the channels that the LAA eNB intends to transmit on, the LAA eNB can use the more flexible multi-channel LBT schemes such as the fastest multi-channel LBT or the full multi-channel LBT.
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