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Discussion and Decision
1. Introduction
Towards the end of LAA SI it was suggested that LAA shall use a category 4 LBT mechanism for DL transmissions, as depicted in the following flowchart:
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In this contribution we address the details of the category 4 mechanism for LAA (DL) operation that need to be considered before it is specified in Rel. 13.
2. Category 4 parameters 
LAA specifications need to define specific values or acceptable ranges of following parameters:
· Initial defer period BiCCA

· eCCA defer period DeCCA

· Duration T of an eCCA slot

· Minimum value X of contention window q

· Maximum value Y of contention window q

As a basic principle we believe that the parameters should be aligned as much as possible with Wi-Fi in order to avoid prolonged studies on coexistence and ensure progress of the WI. Another priority is to keep complexity at its minimum.
Wi-Fi does not have equivalent initial CCA, it always performs random backoff generation after DIFS/AIFS period has been observed. What complicates things a bit more is that defer period (AIFS), minimum contention window X and maximum contention window Y depend on traffic class (EDCA class):
· Legacy Wi-Fi:
defer period (DIFS) of 34us, X=15, Y=1023

· Voice traffic:
defer period (AIFS) of 34us, X=3, Y=7

· Video traffic:
AIFS=34us, X=7, Y=15

· Best effort traffic:
AIFS=43us, X=15, Y=1023 

· Background traffic:
AIFS=79us, X=15, Y=1023

To avoid the need of tracking UEs QoS (multiple UEs with different traffic types may be served within a single TxOP), we propose that LAA uses a single setting equivalent to Wi-Fi’s best effort traffic (EDCA) class. 
As discussed in RAN1 online already, the LAA specifications should only specify the minimum values of certain durations – specifically in terms of eCCA slot duration T as well as the BiCCA/DeCCA, as depending on the implementation based on LTE numerology/clock-rate longer durations might occur. Using longer duration will only provide more / increase fairness towards Wi-Fi and just the minimum fairness therefore would need to be specified. 

Therefore, we suggest to define the minimum duration T of an eCCA slot to be at least 9us as in Wi-Fi’s OFDM PHY. Just like in Wi-Fi (see Figure 9-20 in [1]), the slot duration should include the time needed to switch from Rx to Tx. Similarly, the LAA BiCCA/DeCCA should be lowerbounded by the AIFS of the best effort traffic and might be longer depending on eNB implementation, and they should include time needed to switch from Rx to Tx as well.
Proposal 1: Specify following parameter values for LAA downlink LBT mechanism:
· Defer period BiCCA = DeCCA ≥ 43us. Defer period includes time needed to switch from Rx to Tx.
· Duration of eCCA slot T ≥ 9us. The slot duration includes time needed to switch from Rx to Tx.
The minimum and maximum contention window time duration should be at least as long as Wi-Fi’s. The specific values should however depend by chosen slot duration T, so that contention window at LAA eNB is not unfairly long if T is longer than 9us.

Proposal 2: Specify following principles for LAA downlink LBT mechanism:

· Given an eCCA duration T, minimum length of contention window X should be chosen such that
X*T ≥ 15*9us.
· Given an eCCA duration T, maximum length of contention window Y should be chosen such that
Y*T ≥ 1023*9us.
3. 
Contention window update
There are two important aspects related to the mechanism of contention window update. Firstly, how are updates triggered and secondly, how are updates performed. Concerning the second aspect we believe (as in the previous section) that we should adhere to the Wi-Fi’s operation in order to avoid lengthy coexistence discussions. This corresponds to dynamic exponential backoff. We formulate this in the following proposal:
Proposal 3: The contention window of LAA (represented by value q) should be increased and decreased according to the same principles as in Wi-Fi. If the trigger is evaluated as success (equivalent to “no collision detected”), q should be reset to its minimum value X. If the trigger is evaluated as failure (equivalent to “collision detected”), q should be increased according to
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The triggering mechanism is simple in Wi-Fi: collision is detected when ACK is not received after a frame, or when BlockAck is not received after a BlockAck request. In LAA such a simple approach is impossible. Firstly, one or more UEs send HARQ-ACKs for each TTI of TxOP during which they were scheduled. This means that HARQ-ACKs from multiple UEs and multiple TTIs would have to be combined into a single trigger outcome. Secondly, HARQ-ACKs arrive with a delay, e.g. 4ms in FDD timing. This means, for example, that in a region where maximum 4ms TxOPs are allowed (such as Japan), it could happen that eNB did not receive any HARQ-ACKs from the last TxOP at the time of random backoff generation. 
One alternative to HARQ-ACKs is to use UE measurements (CSI, RRM) or eNB measurements (CCA slots). However, UE measurements are hard to interpret to detect collisions, and eNB measurements do not reflect situation around the receiver (in downlink). We therefore prefer to use HARQ-ACKs as in case of Wi-Fi.
To alleviate the delay problem, we propose the LAA nodes to use HARQ-ACKs from TTI(s) in the past, at least as many that guarantee at least a single HARQ-ACK feedback to be available. 
Proposal 4: For the contention window update trigger, LAA nodes should use HARQ-ACKs from at least as many TTIs in the past that guarantee at least a single HARQ-ACK to be available. HARQ-ACKs from all served UEs should be combined into a single trigger.
The remaining question then is how to combine multiple HARQ-ACKs into a single trigger. One must take into consideration the fact that LTE in general does not aim for 100% error free operation as LTE applies HARQ including the related retransmission combining. On the contrary, in many cases it may be beneficial to set a (significantly) non-zero BLER as a link adaptation target to optimize the throughput. This is reflected also in CSI measurement requirements: UE can propose to use MCS that leads to up to 10% BLER.

We see three main candidate methods for HARQ-ACK combining:

· OR-rule: the trigger is a success (no collision) if there is at least one positive ACK among considered HARQ-ACKs

· AND-rule: the trigger is a failure (collision) if there is at least one negative ACK (NACK) among considered HARQ-ACKs

· Z%-rule: the trigger is a success (no collision) if at most Z% of considered HARQ-ACKs are NACKs
From these options, AND-rule is the strictest; it does not take into account that some transmission blocks may have failed due to aggressive BLER target in link adaptation. OR-rule is the most relaxed. Z%-rule can be seen as an adaptive option that can be tuned for specific use case.
We have conducted coexistence simulations with different HARQ-ACK combining rules, with full results shown in our companion contribution [2]. We have used the same coexistence-study approach as in LAA SI, with following setting:

· Indoor scenario, 2 operators with 20 users per operator

· First operator (Wi-Fi) has DL/UL traffic with 80/20 split, second operator (Wi-Fi or LAA) has DL only traffic

· LAA uses category 4 LBT mechanism with exponential backoff
· Minimum q value X = 15, maximum q value Y = 1023

· Maximum TxOP length is 4ms

· HARQ-ACKs from 6 last TxOPs are combined

· HARQ-ACKs are available with 4ms delay

In the following figures we present mean values of Wi-Fi DL, Wi-Fi UL and LAA DL user perceived throughputs under low/medium/high load and with HARQ-ACK combiner that uses OR-rule, AND-rule, 20%-rule and 50%-rule:
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Figure 1. Wi-Fi mean DL throughput in Wi-Fi+Wi-Fi (W+W) scenario and in Wi-Fi+LAA (W+L) scenario with different HARQ-ACK combining rules; under low/medium/high load.
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Figure 2. Wi-Fi mean UL throughput in Wi-Fi+Wi-Fi (W+W) scenario and in Wi-Fi+LAA (W+L) scenario with different HARQ-ACK combining rules; under low/medium/high load.
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Figure 3. LAA mean DL throughput in Wi-Fi+LAA (W+L) scenario with different HARQ-ACK combining rules; under low/medium/high load.
	


The results suggest that AND-rule is not good for LAA performance (see Figure 3), and consequently it is not good for coexistence either (see Figure 1 and Figure 2). With AND-rule LAA spends significantly more time in backoff, which (more often than with other rules) leads to situation when no node is transmitting and the medium is wasted. OR-rule, 20%-rule and 50%-rule perform noticeably better. For adaptability purposes to enable more strict or relaxed backoff, we therefore propose to use Z%-rule and possibly specify maximum allowed value of Z with Z=100% corresponding to the OR rule.
Proposal 5: When combining HARQ-ACKS for contention window update trigger, use a Z%-rule where contention window increases only if more than Z% of HARQ-ACKs are negative ACKs. Maximum value of Z should be specified and is FFS.
4. 
Multi-carrier operation
Wi-Fi operation on multiple 20MHz channels (i.e. Very High Throughput, VHT operation of .11ac) has been nicely described in [3]. One could say that the main principle is that full CSMA/CA is performed on the primary 20MHz channel, while on the secondary channels Wi-Fi nodes perform short Energy Detect and Signal Detect checks with various CCA thresholds. The transmission bandwidth is subsequently scaled according to the LBT outcome.
The LAA transmission bandwidth as such is not fully scalable but is upper bounded by the 20MHz LTE Rel. 8 carrier design. Larger transmission bandwidths are created by multi-channel (or multi-carrier) transmission using the carrier aggregation (CA) principles.

We believe that multi-channel LBT does not need to be specified in detail, which means that LAA carriers would have separate category 4 LBT processes that do not need to interact. However, it should be left for implementation if e.g. the same random number generator initialization would be used on all LAA carriers.
However, for efficiency purposes it is necessary that the transmission on one LAA carrier is allowed to “wait” for some of the other carriers. In other words, if the backoff countdown has reached zero (N = 0) on a carrier, the eNB is allowed to wait for some time until it starts transmission on given carrier, assuming the channel is not yet occupied. This could be used when some other LAA carriers are sensed as busy, but the LAA eNB would like to continue performing the LBT mechanism and see if they become idle after some time in order to maximize the LAA multi-carrier transmission potential. To avoid causing collisions, the defer period principle must still apply, i.e. the channel must always be sensed as idle for DeCCA period before the transmission starts. 
Proposal 6: After the backoff countdown in category 4 mechanism reaches 0 on an LAA carrier, the node is allowed to postpone starting the transmission on that carrier in order to optimize the multi-carrier transmission opportunities. The channel must still be sensed as idle for DeCCA period before the postponed transmission is allowed to start.
5. 
Other considerations
The detailed design of category 4 LBT mechanism should allow for efficient reuse 1 operation. We discuss this in more detail in companion contribution [4].
6. 
Summary
In this contribution, we have discussed details on Cat. 4 LBT operation for LAA DL-only operation. Based on the discussions and results (more detailed results in companion contribution [2]) presented in this document, we would like to bring the following proposals forward: 
Proposal 1: Specify following parameter values for LAA downlink LBT mechanism:

· Defer period BiCCA = DeCCA ≥ 43us. Defer period includes time needed to switch from Rx to Tx.
· Duration of eCCA slot T ≥ 9us. The slot duration includes time needed to switch from Rx to Tx.
Proposal 2: Specify following principles for LAA downlink LBT mechanism:

· Given an eCCA duration T, minimum length of contention window X should be chosen such that
X*T ≥ 15*9us.
· Given an eCCA duration T, maximum length of contention window Y should be chosen such that
Y*T ≥ 1023*9us.
Proposal 3: The contention window of LAA (represented by value q) should be increased and decreased according to the same principles as in Wi-Fi. If the trigger is evaluated as success (equivalent to “no collision detected”), q should be reset to its minimum value X. If the trigger is evaluated as failure (equivalent to “collision detected”), q should be increased according to
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Proposal 4: For the contention window update trigger, LAA nodes should use HARQ-ACKs from at least as many TTIs in the past that guarantee at least a single HARQ-ACK to be available. HARQ-ACKs from all served UEs should be combined into a single trigger.

Proposal 5: When combining HARQ-ACKS for contention window update trigger, use a Z%-rule where contention window increases only if more than Z% of HARQ-ACKs are negative ACKs. Maximum value of Z should be specified and is FFS.

Proposal 6: After the backoff countdown in category 4 mechanism reaches 0 on an LAA carrier, the node is allowed to postpone starting the transmission on that carrier in order to optimize the multi-carrier transmission opportunities. The channel must still be sensed as idle for DeCCA period before the postponed transmission is allowed to start.
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