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1 Introduction

This contribution discusses the following topic related to the channel access design for LAA UL:
1. No LBT is required for an LAA UL transmission that begins within 16us after the end of a DL transmission, if the following are true:

a. The UL transmission is within a Channel Occupancy Time (COT) obtained by the eNB.
b. The duration of such UL transmission doesn’t exceed 1ms.
2 Discussion

The motivation for no-LBT between DL and UL transmissions within a COT, if they are within 16us of each other is that such a procedure is also followed by Wi-Fi. In this regard, we note the following:

The no-LBT procedure is unsafe in the presence of hidden nodes, i.e. nodes whose transmissions are heard at the UE at above the ED threshold but are not heard at the eNB. If this happens, a UL transmission with no-LBT will lead to more collisions and reduce network performance. 

Even though the no-LBT procedure is followed by Wi-Fi, a Wi-Fi network protects the COT in multiple other ways to mitigate collisions that may arise due the presence of hidden nodes. Some of these procedures are as given below. For ease of reference, we have marked them as Mandatory or Optional depending on whether these procedures are mandatory or optional in Wi-Fi.
1. Optional: RTS/CTS. The hidden node hears the RTS/CTS and mutes its own transmission.
2. Mandatory: The hidden node decodes the packet transmitted by the AP to the UE, reads the NAV and mutes its own transmission.

3. Mandatory: The hidden node increases its initial defer in case it is not able to decode the packet transmitted by the AP to the UE. Increase in the duration of the initial defer reduces the chance of a transmission from the hidden node colliding with either the packet or the (Block)ACK transmitted in response to the packet.
4. Mandatory: The AP terminates the COT (i.e. not consider the COT as won) and reattempts channel access afresh using CAT4 LBT in case the first packet exchange between the AP and the UE fails due to collision.

5. Optional: The AP terminates the COT and reattempts channel access afresh using CAT4 LBT on failure of any intermediate packet exchange within the COT. 
· Note that this is procedure is optional since the event that the (RTS/CTS and) first packet exchange in a COT succeed and a subsequent packet exchange fails is a rare event and should not occur in a Wi-Fi network unless the hidden node was 
· Not listening to the channel during the transmission of the (RTS/CTS or) first packet exchange, and 
· In the time interval it listened to the channel before its own transmission, it didn’t hear the transmission from the AP or the corresponding (Block) ACK. 
This is because, once on the channel, the Wi-Fi transmitter-receiver pair performs back-to-back transmissions separated by SIFS and no other Wi-Fi device can start transmitting by sensing the channel to be idle within the SIFS duration

6. Mandatory (in case of 802.11n/ac): Mostly, short packets like ACK/ Block ACK are transmitted with 16us delay and without LBT. This rules out unfair occupation of channel for long periods of time using aggressive channel access mechanisms like no-LBT.
7. The incidence of hidden nodes in a Wi-Fi network is further reduced due to Wi-Fi using preamble detection at a lower threshold of -82dBm than the ED threshold of -72dBm used by LAA.

So, if a no-LBT procedure is implemented for LAA, LAA should also implement the above procedures similar to Wi-Fi in order to mitigate collisions from hidden nodes.

Observation 1: The no-LBT procedure is unsafe in the presence of hidden nodes, i.e. nodes whose transmissions are heard at the UE at above the ED threshold but are not heard at the eNB.

Observation 2: Even though the no-LBT procedure is followed by Wi-Fi, a Wi-Fi network protects the Channel Occupancy Time (COT) in multiple other ways to mitigate collisions due the presence of hidden nodes.
We next evaluate coexistence between co-channel LAA and Wi-Fi if there is no-LBT between LAA UL and DL transmissions within a COT when the UL transmission is within 16us of the DL transmission and the UL transmission duration is limited to 1ms.
The evaluations consider a DL+UL configuration on the 3GPP Indoor network layout described in [1]. Salient other assumptions are as below:

· A single 20MHz unlicensed carrier.  

· 20 bidirectional BE flows each for LAA and Wi-Fi. Additionally, 2 bidirectional Voice flows for non-replaced Wi-Fi.

· DL:UL traffic ratio is 80:20.

· The COT is won by the eNB using CAT4 LBT with the channel access parameters of BE and an ED threshold of -72dBm. 

· Wi-Fi STAs use CWMin = 15 and CWMax = 1023 for BE.

· The simulated Buffer Occupancy of the non-replaced Wi-Fi network is 0.58.

· Each configuration described below is simulated over 30 seconds and 15 random seeds.

The following figure compares the percentage change in Wi-Fi BE mean DL UPT, mean UL UPT and VoIP outage in a Wi-Fi + LAA network compared to a Wi-Fi + Wi-Fi network for the above configuration.
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Figure 1: %Change in Wi-Fi mean DL and UL UPT and VoIP outage in Wi-Fi + LAA versus Wi-Fi + Wi-Fi with no-LBT between LAA UL and DL transmissions if the UL transmission is within 16us of the DL transmission and the UL transmissions is limited to 1ms
Note that the Wi-Fi DL and UL mean UPTs reduce by 21% and 23% respectively and the VoIP outage increases by 36% in presence of no-LBT for LAA UL transmissions that satisfy the above configuration.
Observation 3: The fair coexistence criteria for Wi-Fi DL and UL mean UPT and VoIP outage are not satisfied if there is no-LBT between LAA UL and DL transmissions when the UL transmission is within 16us of the DL transmission and the UL transmission duration is limited to 1ms. 
Proposal 1: LAA shall not use no-LBT for UL transmissions even when the UL transmission is within 16us of a DL transmission and the duration of the UL transmission is limited to 1ms.  

3 Observations and Conclusions
Observation 1: The no-LBT procedure is unsafe in the presence of hidden nodes, i.e. nodes whose transmissions are heard at the UE at above the ED threshold but are not heard at the eNB.

Observation 2: Even though the no-LBT procedure is followed by Wi-Fi, a Wi-Fi network protects the Channel Occupancy Time (COT) in multiple other ways to mitigate collisions due the presence of hidden nodes.
Observation 3: The fair coexistence criteria for Wi-Fi DL and UL mean UPT and VoIP outage are not satisfied if there is no-LBT between LAA UL and DL transmissions when the UL transmission is within 16us of the DL transmission and the UL transmission duration is limited to 1ms. 
Proposal 1: LAA shall not use no-LBT for UL transmissions even when the UL transmission is within 16us of a DL transmission and the duration of the UL transmission is limited to 1ms.  
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