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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.”
RAN1 has produced the LAA draft specification in RAN1#83 meeting [4]. TS 36.213 specification defines two channel access procedures for LAA transmissions on multiple channels, Type A and Type B. In R1-157009 [6], we have shown that LAA could not ensure the fair coexistence with 802.11ac devices if the multiple channels used by LAA eNB are not aligned with the channels used by the 802.11ac APs. In this contribution, we conduct the further simulations to evaluate the latest agreed LAA Type A and Type B multi-channel access schemes for the coexistence performance. In addition, we bring more information regarding the IEEE 802.11ac multi-channel frequency planning for the different channel bandwidths. Based on the simulation results and IEEE channel planning information, we make the proposals to enhance the TS 36.213 specification in order to ensure the fair coexistence between LAA and 802.11ac devices.
2
Discussion
2.1. IEEE 802.11ac 5GHz band channel frequency planning
IEEE defines the channel frequency planning for the different channel bandwidths used by 802.11ac devices [5]. The following is the figure to show the frequency planning defined by IEEE [7].
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Figure 1 IEEE 5GHz 802.11ac channel frequency planning
From the figure, we can see IEEE has defined the fixed channel positions for the different channel bandwidths. For example, for 80 MHz channel bandwidth, there are six possible positions. In addition, 80 MHz and 40 MHz operations are supported only on contiguous 20 MHz channels. 80 MHz channels are non-overlapping and hence multiple 80 MHz devices either operate on non-overlapping sets of 20 MHz channels or on fully overlapping sets of 20 MHz channels. Furthermore, 80 MHz channels are defined as 2 adjacent 40 MHz channels. The set of rules can resolve the following issues. It can avoid a single 80 MHz device from partially overlapping with the 80 MHz channels of 2 other (or more) nearby devices that do not conflict mutually with each other (adjacent in frequency). It can further avoid a single 40 MHz device from partially overlapping with multiple 40 MHz channels or 80 MHz channels.
2.2. 802.11ac multi-channel LBT
The 802.11ac 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 in hierarchical order. 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.
2.3. Evaluated LAA multi-channel LBT schemes
We evaluate the LAA multi-channel access schemes Type A and Type B as defined in TS 36.213 [5]. In particular, we evaluate the Type A2 and Type B2 schemes. The Type A scheme performs the independent Cat-4 LBT on each channel. The device is allowed to transmit DL data burst(s) on the channel that has completed the Cat-4 LBT. The self-deferral (including idle sensing for a single interval) could be used to align transmission over multiple channels. The Type B scheme is more like the 802.11ac multichannel access scheme but without the channel bonding rule restriction.
2.4. LAA multi-channel access schemes issues

3GPP has not defined the LAA channel frequency planning for the channel bandwidth larger than 20MHz in 5GHz band. In addition, 3GPP RAN1 only recommends but does not requires the LAA eNB to use 4 contiguous unlicensed channels for Rel 13 LAA. In particular, there was a desire to support 4 unlicensed channels by using 2 clusters of 2 channels each which might be widely separated in the 5 GHz band. Hence, LAA lacks the similar channel frequency planning rules that are used by the 802.11ac devices for the multi-channel access. That means LAA eNB can use any multi-channel combination within 5GHz band for the channel access, which is not necessarily aligned with 802.11ac multi-channel positions defined by IEEE. It is against the 802.11ac frequency planning principle that is to minimize the partial overlapped channel cases. For example, for LAA to use 4 channels to access the total 80MHz channel bandwidth, the 3gpp specifications allow LAA eNB use the single 80MHz channel (4 contiguous 20MHz channels) or 2 clusters of 40MHz channel (2 clusters of 2 channels) but the used 80MHz channel and the 40MHz channel by LAA could have the offset relative to the 802.11ac used 80MHz channel and 40MHz channel. For the single 80MHz channel with offset case, the single LAA eNB transmitting on 4 contiguous 20MHz unlicensed channels can potentially impact two nearby 11ac APs that operate in two adjacent 80MHz channels. Even worse for the 2 cluster of 40MHz channel case, the single LAA eNB can potentially impact two or more nearby 11ac APs with 80MHz channel. In the next section, we will show the coexistence issues caused by the misaligned multi-channels between LAA and 802.11ac through simulations.
2.5 Simulation configuration

In order to test the multi-channel misalignment between LAA and 802.11ac devices and the associated impact on the coexistence performance, we set up a test scenario with 16 channels with the channel index from 0 to 15. Some key parameters and assumptions of the scenario are listed below.

· DL only coexistence test.

· Each Wi-Fi network consists of 4 802.11ac APs in the coexistence test. Each AP can access 4 continuous channels. The APs belonging to the same network will not have the overlapped channels. That means 4 APs of one Wi-Fi network will occupy 16 channels. Following the 3gpp test methodology, there are two Wi-Fi networks coexisting with each other in the Step One test. The two networks share the 16 channels, and the two overlapped APs belonging to the two networks will align their primary channels as the IEEE spec recommendation.
· LAA network consists of 4 eNBs. Each eNB can access the non-restricted 4 channels in the 16 channels. However, we assume the coordination between the 4 eNBs so they will not have the overlapped channel usage between them. That means the 4 eNBs will also occupy 16 channels and share the channels with the non-replaced Wi-Fi network. We will test the different multi-channel access patterns of the 4 eNBs to simulate the possible multi-channel misalignment between LAA and 802.11ac.
· All together there are 8 nodes in the coexistence test with node index from 0 to 7. The 4 APs of non-replaced Wi-Fi network have the index {0, 2, 4, 6} and the other networks have the node index {1, 3, 5, 7}.

· The single LAA eNB can only access its 4 channels synchronously no matter how far the channels are separated. That means the backoff counter(s) of the unused channel(s) will freeze during its transmission on the occupied channel(s). The backoff counters of 4 channels will be reset and restart from a new random value after its transmission is done.
· LAA multi-channel LBT schemes evaluated: LAA Type A2 and LAA Type B2 [4].
· Wi-Fi nodes follow the EDCA backoff procedure. (CWmin=15, CWmax=63, AIFSN=2).

· LAA LBT basic parts also follow the EDCA backoff procedure. (CWmin=15, CWmax=63, AIFSN=2, ACK/NACK based triggering for the CW update).
· eNB/AP has the fixed data rate 100Mbps in the single 20MHz channel. The actual data rate will depend on how many channels it occupies for the data transmission. Note that the key focus of the studies is the comparison of different multi-channel LBT schemes behaviours and their impacts on the coexistence. Hence, we use the same and fixed data rate for both Wi-Fi and LAA systems in order to separate the impacts from other PHY layer aspects.
· eNB/AP total Tx power is 23dBm across aggregated channels.

· TxOP of Wi-Fi and LAA is modelled as a continuous 4ms transmission.

· Traffic model: FTP Model 3. The FTP file arrives at the eNB/AP according to a Poisson process with the average file arrival time α and the transmission time of a packet is counted from the time instance it arrives in the queue. We test the different average file arrival times in each case in order to test the coexistence at different system loadings.
· The FTP file size is the 2MBytes.
· The path loss model in the scenario is set that when one node transmits on one channel all other nodes on the same channel can detect the transmissions with the ED threshold -62dBm. That means there are no hidden nodes in the scenario. (In this contribution we mainly focus at the multi-channel access procedure rules so the designed scenario does not address the aspect of the lower ED threshold on the secondary channel of the 802.11ac).
· Model the adjacent channel leakage-power. The first adjacent channel has ACLR 21dB. The second, third, and fourth adjacent channels have the ACLR 41dB.

We report the mean user perceived throughput (UPT) as the performance metric for the coexistence tests.

We follow the similar methodology as in [2] to evaluate the coexistence impacts. As the first step, we will choose two 802.11ac networks to coexist in the 16 channels and record the performance metrics. In the second step, we will replace the one 11ac network with the LAA network and repeat the test. We will record the performance metrics again and compare them with ones of the step one.
2.6. Simulation results

There could be many cases for the LAA multi-channel usage patterns in the 16 channels scenario because of lacking of the channel frequency planning rules for LAA. We simulate several exemplary cases to show the coexistence issues due to the multi-channel misalignment.
2.6.1
Case 1: LAA eNB uses the 4 equally spaced and non-contiguous channels
For this case, the LAA eNBs use the 4 equally spaced and non-contiguous channels within the 16 channels for the channel access. The channel configurations for the Wi-Fi networks and the LAA network are shown in the Table 1 and Table 2, respectively. The first LAA eNB (node 1) uses the 4 channels that overlap with the four primary channels of the 4 11ac APs in the case.
Table 1 Wi-Fi networks channel usage configurations in step 1 for case 1
[image: image2.emf]Wi-Fi 1 Wi-Fi 2 Wi-Fi 1 Wi-Fi 2 Wi-Fi 1 Wi-Fi 2 Wi-Fi 1 Wi-Fi 2

Channel 0 P0 P0 P4 P4 P8 P8 P12 P12

Channel 1 1 1 5 5 9 9 13 13

Channel 2 2 2 6 6 10 10 14 14

Channel 3 3 3 7 7 11 11 15 15


Table 2 Wi-Fi and LAA networks channel usage configurations in step 2 for case 1
[image: image3.emf]Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA

Channel 0 P0 0 P4 1 P8 2 P12 3

Channel 1 1 4 5 5 9 6 13 7

Channel 2 2 8 6 9 10 10 14 11

Channel 3 3 12 7 13 11 14 15 15


The mean UPT performance metric for this case is shown in the Figure 2.
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Figure 2 Mean UPTs vs system loads in the case that LAA eNB uses the 4 equally spaced and non-contiguous channels 
From the figure we can see the LAA eNB using the 4 equally spaced and non-contiguous channels can impact the non-replaced Wi-Fi performance dramatically no matter what the multi-channel LBT schemes it uses either Type A or Type B. Let’s check the baseline Wi-Fi and Wi-Fi coexistence performance first. Across the different system loading points in the step one test, the two Wi-Fi networks can share the channel access equally and have the similar mean UPT. However, the performance of the step 2 shows the totally inversed trend compared with the baseline. At the all loading conditions, the mean UPT of the non-replaced Wi-Fi network is much worse than the baseline. Hence, the LAA eNB using the 4 equally spaced and non-contiguous channels could not ensure the fair coexistence with the Wi-Fi.
The unfair channel access by LAA using the 4 equally spaced and non-contiguous channels in this case can be explained by the fact that the single LAA eNB spreads its 4 channels across the 16 channels and each channel partially overlaps with a different 802.11ac AP. That is a single LAA eNB can impact 4 11ac APs for the channel access. The 11ac AP has the channel bonding rule restriction. It can only access the consecutive channels in the hierarchal order. For example, if the primary channel of the 11ac AP is not available it could not use the remained secondary 20MHz and secondary 40MHz channels. Hence, the single LAA eNB transmission can potentially shut off 4 11ac APs. Then the remained channels can be used by other LAA eNBs.
2.6.2
Case 2: one LAA eNB use two clusters of 40MHz
In the second case, one LAA eNB use two clusters of 40MHz to support total 80MHz channel access. The 40MHz cluster (2 20MHz channel) has one channel offset relative to the IEEE defined 40MHz channel. The channel configurations for the Wi-Fi network and the LAA network in step 2 are shown in the Table 3. The mean UPT performance for the case is shown in the Figure 3.
Table 3 Wi-Fi and LAA networks channel usage configurations in step 2 for case 2
[image: image5.emf]Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA

Channel 0 P0 1 P4 3 P8 5 P12 7

Channel 1 1 2 5 4 9 6 13 8

Channel 2 2 9 6 11 10 13 14 15

Channel 3 3 10 7 12 11 14 15 0



[image: image6]
Figure 3 Mean UPTs vs system loads in the case that one LAA eNB use two clusters of 40MHz to support total 80MHz channel access
From the simulation results, we can observe the similar performance trend as the previous case. The non-replaced Wi-Fi network mean UPT when coexisting with LAA is worse than the baseline when it coexists with another Wi-Fi network. That is the LAA eNB using two clusters of 40MHz could not ensure the fair coexistence with the 802.11ac in the multi-channel access no matter what multi-channel LBT scheme it uses either Type A or Type B. The explanation is similar as for the case 1.
2.6.3
Case 3: one LAA eNB uses the 4 contiguous channels but with channel offset
In this case, one LAA eNB uses the 4 contiguous channels for the 80MHz channel access. However, the 4 contiguous channels used by the LAA eNB have one channel offset relative to the IEEE defined 80MHz channel. Table 4 shows the LAA and non-replaced Wi-Fi network multi-channel usage configurations for the case. Note that the fourth LAA eNB has the channel wrapped around effect in the scenario even though we require the LAA must have the continuous channel access in the category.
Table 4 Wi-Fi and LAA networks channel usage configurations in step 2 for case 3
[image: image7.emf]Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA

Channel 0 P0 1 P4 5 P8 9 P12 13

Channel 1 1 2 5 6 9 10 13 14

Channel 2 2 3 6 7 10 11 14 15

Channel 3 3 4 7 8 11 12 15 0


The mean UPT performance metric for this case is shown in the Figure 4.
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Figure 4 Mean UPTs vs system loads in the case that one LAA eNB uses the 4 contiguous channels but with channel offset
From the simulation results we can observe the similar coexistence performance trend as the LAA eNB using the non-contiguous channels in case 1 and 2 even though the LAA uses the continuous channels in this case. The non-replaced Wi-Fi network mean UPT when coexisting with LAA is worse than the baseline performance when it coexists with another Wi-Fi network. That is the LAA eNB using the single contiguous channel group but with channel offset relative to IEEE defined 80MHz channel could not ensure the fair coexistence with 802.11ac no matter what multi-channel LBT scheme it uses either Type A or Type B. The reason is that the LAA eNB four channels partially overlap with the four channels of two 802.11ac APs. For example, the first LAA eNB overlaps 3 secondary channels of the first 11ac AP and in addition it overlaps the primary channel of the second 11ac AP. The DL transmission of first LAA eNB could not only occupies the secondary channels of first 11ac AP but also shut off the transmission of the second 11ac AP.
2.6.4
Case 4: one LAA eNB uses 4 contiguous channels without channel offset
In this case, one LAA eNB uses the contiguous 4 channels for the 80MHz channel access and the 4 channels are fully aligned with the IEEE defined 80MHz channel. Table 5 shows the LAA and non-replaced Wi-Fi network multi-channel usage configurations for the case. 

Table 5 Wi-Fi and LAA networks channel usage configurations in step 2 for case 4
[image: image9.emf]Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA Wi-Fi 1 LAA

Channel 0 P0 0 4 4 8 8 12 12

Channel 1 1 1 P5 5 9 9 13 13

Channel 2 2 2 6 6 P10 10 14 14

Channel 3 3 3 7 7 11 11 P15 15


The mean UPT performance metric for this case is shown in the Figure 5.
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Figure 5 Mean UPTs vs system loads in the case that one LAA eNB uses 4 contiguous channels without channel offset
From the simulation results we can observe that LAA Type A or Type B schemes can achieve the fair coexistence with 802.11ac when the LAA eNB uses the 4 contiguous channels that are fully aligned with the IEEE defined 80MHz channel.
2.6. Summary of observations

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

Observation 1:

LAA lacks the similar channel frequency planning rules that are used by the 802.11ac devices for the channel bandwidth larger than 20 MHz in 5 GHz band. That means LAA eNB can use any multi-channel combination within 5 GHz band for the channel access, which is not necessarily aligned with 802.11ac multi-channel positions defined by IEEE.

Observation 2:

When the LAA eNB uses the multi-channel patterns that are not aligned with the 802.11ac multi-channel positions defined by IEEE, both LAA Type A and Type B multi-channel access could not ensure the fair coexistence with the 802.11ac devices.
Observation 3:
The LAA eNB using the 4 equally spaced non-contiguous channels or the 2 clusters of 40MHz channels for the multi-channel access could not ensure the fair coexistence with the 802.11ac devices for both LAA Type A and Type B multi-channel access schemes.
Observation 4:

The LAA eNB using 4 contiguous channels but with channel offset relative to IEEE defined 80MHz channel could not ensure the fair coexistence with 802.11ac devices for both LAA Type A and Type B multi-channel access schemes.

Observation 5:

The LAA eNB using the 4 contiguous channels without channel offset relative to IEEE defined 80MHz channel could achieve the fair coexistence with 802.11ac devices for both LAA Type A and Type B multi-channel access schemes.

2.7. LAA DL Multi-channel access enhancement proposals
Based on the above observations, we make the following proposals to enhance the Rel 13 LAA channel access procedures in TS 36.213 to ensure the fair coexistence between LAA and 802.11ac in terms of multi-channel access.
Proposal 1: 3GPP RAN1 shall define the same channel frequency planning rules as defined by IEEE shown in Fig. 1 for LAA to access the multi-channel in 5 GHz band. This is to make sure LAA can use the multi-channel pattern that is aligned with the 802.11ac multi-channel defined by IEEE to ensure the fair coexistence.
Proposal 2: The channel combinations over which multi-channel transmissions occur are restricted to the following rules
· The set of channels on which transmission is performed follows the Fig. 1

· Transmission on 2 channels: The set of channels on which transmission is performed are limited to the 2-channel combinations depicted in Fig. 1

· Transmission on 3 channels: The set of channels on which transmission is performed are included within any single 4-channel combination depicted in Fig. 1
· Transmission on 4 channels: The set of channels on which transmission is performed are limited to the 4-channel combinations depicted in Fig. 1

· Transmission on more than 4 channels: Meets the rule of 4 transmission channels first and follows a combination of the above rules
3
Conclusions

In this contribution, we have pointed out the issues of the LAA multi-channel access procedures defined in the specification TS 36.213. Based on the discussions and simulation results we make the following observations.

Observation 1:

LAA lacks the similar channel frequency planning rules that are used by the 802.11ac devices for the channel bandwidth larger than 20 MHz in 5 GHz band. That means LAA eNB can use any multi-channel combination within 5 GHz band for the channel access, which is not necessarily aligned with 802.11ac multi-channel positions defined by IEEE.

Observation 2:

When the LAA eNB uses the multi-channel patterns that are not aligned with the 802.11ac multi-channel positions defined by IEEE, both LAA Type A and Type B multi-channel access could not ensure the fair coexistence with 802.11ac devices.

Observation 3:
The LAA eNB using the 4 equally spaced non-contiguous channels or the 2 clusters of 40MHz channels for the multi-channel access could not ensure the fair coexistence with the 802.11ac devices for both LAA Type A and Type B multi-channel access schemes.

Observation 4:

The LAA eNB using 4 contiguous channels but with channel offset relative to IEEE defined 80MHz channel could not ensure the fair coexistence with 802.11ac devices for both LAA Type A and Type B multi-channel access schemes.

Observation 5:

The LAA eNB using the 4 contiguous channels without channel offset relative to IEEE defined 80MHz channel could achieve the fair coexistence with 802.11ac devices for both LAA Type A and Type B multi-channel access schemes.

Based on the above observations, we make the following proposals to enhance the Rel 13 LAA channel access procedures in TS 36.213 to ensure the fair coexistence between LAA and 802.11ac in terms of multi-channel access.
Proposal 1: 3GPP RAN1 shall define the same channel frequency planning rules as defined by IEEE shown in Fig. 1 for LAA to access the multi-channel in 5 GHz band. This is to make sure LAA can use the multi-channel pattern that is aligned with the 802.11ac multi-channel defined by IEEE to ensure the fair coexistence.

Proposal 2: The channel combinations over which multi-channel transmissions occur are restricted to the following rules
· The set of channels on which transmission is performed follows the Fig. 1

· Transmission on 2 channels: The set of channels on which transmission is performed are limited to the 2-channel combinations depicted in Fig. 1

· Transmission on 3 channels: The set of channels on which transmission is performed are included within any single 4-channel combination depicted in Fig. 1

· Transmission on 4 channels: The set of channels on which transmission is performed are limited to the 4-channel combinations depicted in Fig. 1

· Transmission on more than 4 channels: Meets the rule of 4 transmission channels first and follows a combination of the above rules
4
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