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1 Introduction

This contribution discusses the following topics related to the channel access design for LAA PUSCH:

1. A Paused Channel Occupancy Time (COT): A paused COT is described as follows:

· An eNB wins a COT, sends a UL grant and if it doesn’t have DL data to transmit, it pauses the COT. 

· The UE(s) for which the UL grant is sent, perform LBT for a duration LBT_duration immediately before the scheduled UL transmission time. 

· If the LBT succeeds, then the paused COT is restarted and the UE(s) transmits on the UL, provided the duration of COT that has already elapsed plus the duration of the transmission(s) is less than or equal to the MCOT. 

Such a scheme is being proposed for use by the LAA UL since it allows LAA to overcome the potential wastage of its COT due to the UL grant-to-transmission delay if the COT were defined as a continuous period of time (as is the current definition).
2. Traffic Multiplexing for PUSCH in case of Self-carrier scheduling i.e. whether for self-carrier scheduling, UL data transmitted on an unlicensed carrier within a COT obtained by the eNB should be a function of the channel access priority class used by the eNB to obtain the COT.
3. UL traffic multiplexing scheme in Wi-Fi 802.11ax: The UL traffic multiplexing options being discussed for Wi-Fi 802.11ax are presented as a reference.
2 Discussion

2.1 A Paused Channel Occupancy Time (COT)
We investigate the following aspects of a paused COT:

1. Nature of gaps required by LAA UL to accommodate the grant-to-transmission delay

2. LBT procedure required at the UE before restarting a paused COT and transmitting in the UL.

We also present simulation results to evaluate the above.

2.1.1 Nature and length of gaps required by LAA UL to accommodate the grant-to-transmission delay

We note the following:

a. The gap in a paused COT shall only be used to accommodate the LAA UL grant-to-transmission delay and not used for other purposes. For example, it shall not be used to support periodic transmissions by LAA UL each preceded with only a fixed LBT. Consider the following configurations:
· Configuration 1: An LAA eNB does CAT4 LBT with an MCOT = 8ms. Considering 1 subframe for transmission of the UL grant which can schedule multiple UL transmissions, LAA can use the paused COT to schedule 7 UL transmissions (say for voice spaced 20ms apart), each with 25us LBT only.  Alternately, any other periodic transmission can be similarly supported.
· An extension of the above is also possible considering that LAA will have the signaling flexibility to indicate the start and end PUSCH symbols of a UL subframe and that existing LAA DL already supports partial sub-frames of 3 OFDM symbols (end subframe). With some specification effort, this framework can be used to enable UL transmissions spanning only 3 OFDM symbols. So, this would enable the following configurations:
· Configuration 2: An 8ms COT can be used to transmit 36 ((8x14/3) -1)) short periodic UL transmissions each with 25us LBT if 3 symbols are used for the initial PDCCH that carries the UL grant.
· Configuration 3: Even if the eNB wins a COT with MCOT = 2ms with the access priority of voice, it can use this scheme to enable 8 UL voice transmissions spaced 20ms apart, each with 25us LBT.
The above three configurations constitute a misuse of the paused COT as they have nothing to do with accommodating the UL grant-to-transmission delay in LAA. These also are unfair to co-channel Wi-Fi which will not use the channel in the above manner.
b. Given that a paused COT is used only to accommodate the LAA grant-to-transmission delay, UL transmissions scheduled by a single UL grant shall not contain any scheduled gaps. This means that a configuration of the type shown below, containing multiple scheduled gaps between UL transmissions shall not be allowed.
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Figure 1: LAA UL transmission within a COT with multiple scheduled gaps

c. Unscheduled gaps between UL transmissions can arise due to LBT failure at the UE(s). For example, such an unscheduled gap will arise if a single UL grant schedules three consecutive UL transmissions but the second UL transmission doesn’t happen due to LBT failure:
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Figure 2: LAA UL transmission within a COT with a single scheduled gap and a single unscheduled gap
d. The duration of all scheduled transmissions shall be counted towards the MCOT. So, if a UL transmission is scheduled within a COT, but the transmission doesn’t happen due to LBT failure, then the duration of the scheduled UL transmission is counted towards the MCOT; however the LBT duration (say 25us) is not counted towards the MCOT. Otherwise, if say all UL transmissions fail due to LBT failure, the COT can be extended indefinitely.
Considering the above points a) to d), we have:
Observation 1: LAA shall use a paused Channel Occupancy Time (COT) only to accommodate the UL grant-to-transmission delay. A paused COT shall not be used for other purposes that may provide LAA an unfair channel access advantage over co-channel Wi-Fi. 
Proposal 1: An LAA UL channel access scheme with a paused COT shall be defined as follows:

· A COT is started with a DL transmission after CAT4 LBT.

· A previous COT, if any, ends when a subsequent DL transmission is started after CAT4 LBT.
· Within a COT, UL transmissions scheduled by a single UL grant or by consecutive UL grants shall not contain any scheduled gaps. Additionally, UL transmissions scheduled by those non-consecutive UL grants which can schedule consecutive UL transmissions shall not contain any scheduled gaps. The only exceptions are gaps that may be required to perform LBT by the UE(s).  
· Within a COT, non-consecutive DL transmissions shall not be allowed.

· The duration of all scheduled transmissions shall be counted towards the MCOT. So, if a UL transmission is scheduled within a COT, but the transmission doesn’t happen due to LBT failure, then the duration of the scheduled UL transmission is counted towards the MCOT; however the LBT duration is not counted towards the MCOT.
2.1.2 LBT procedure required at the UE before restarting a paused COT and transmitting in the UL.
It is the general consensus that, in case of self-carrier scheduling, a UL transmission within a COT won by the eNB, will be preceded by a fixed duration LBT. We evaluate two possible LBT durations: a single slot 9us LBT and a 25us LBT. The procedure for the 25us LBT is similar to what has been defined for DRS in the LAA DL. 
The evaluations consider an Uplink-only configuration on the 3GPP Indoor network layout described in [1]. A UL-only configuration is used in order to delink the behaviour of the UL from the DL and focus solely on the LAA UL channel access scheme. Salient other assumptions are as below:
· UL grant to transmission delay of 4ms

· A single 20MHz unlicensed carrier.  

· 20 UL BE flows each for LAA and Wi-Fi. Additionally, 2 bidirectional Voice flows for non-replaced Wi-Fi.
· The COT is won by the eNB using CAT4 LBT with the channel access parameters of BE and an ED threshold of -72dBm. 
· An LAA UE uses Fixed LBT of 9us and 25us respectively and an ED threshold of -72dBm before the UL transmission within the COT.
· Wi-Fi STAs use CWMin = 15 and CWMax = 1023 for BE.
· The simulated Buffer Occupancy of the non-replaced Wi-Fi network is 0.57.
· Each configuration described below is simulated over 30 seconds and 15 random seeds.
The following figure compares the percentage change in Wi-Fi UL BE mean UPT in a Wi-Fi + LAA network relative to a Wi-Fi + Wi-Fi network when LAA UEs transmit BE in the UL after doing 9us and 25us LBT respectively immediately before restarting a paused COT. 
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Figure 3: %Change in Wi-Fi UL BE mean UPT in Wi-Fi + LAA versus Wi-Fi + Wi-Fi with LAA UEs restarting a paused COT using 9us and 25us LBT respectively
Observation 2: The fair coexistence criterion for Wi-Fi UL mean UPT is met only when LAA UEs restart a paused COT with 25us LBT; it is not met when the COT is restarted with 9us LBT.
Proposal 2: The LAA UE shall do a fixed LBT of duration 25us immediately before restarting a paused COT for a scheduled UL transmission, in case the duration of such transmission is within the COT won by the eNB with CAT4 LBT. The LBT procedure shall be the same as the LBT procedure for DRS transmissions in DL LAA.   

2.2 Traffic Multiplexing for PUSCH in case of Self-carrier scheduling
In this section, we investigate whether for self-carrier scheduling, UL data transmitted on an unlicensed carrier within a COT obtained by the eNB should be a function of the channel access priority class used by the eNB to obtain the COT. 
We consider coexistence between co-channel LAA and Wi-Fi for the following two cases when both LAA and Wi-Fi transmit Best Effort (BE) data in the UL:

Case 1: The eNB uses channel access parameters of BE to obtain the COT with a corresponding MCOT of 8ms. 

Case 2: The eNB uses the channel access parameters of Voice (VO) to obtain the COT with a corresponding MCOT of 2ms.

In both cases, the LAA UE does a Fixed LBT of 25us immediately before transmitting BE data in the UL, within a COT won by the eNB.  Also, paused COT and multi-subframe scheduling of up to 7 subframes are used.
The figure below presents the following metrics:

· Percentage change in Wi-Fi UL mean UPT in a Wi-Fi + LAA network relative to a Wi-Fi + Wi-Fi network when LAA UEs transmit BE data within a COT and the eNB uses channel access parameters of VO and BE respectively to obtain the COT. 

· Percentage change in LAA UL mean UPT in a Wi-Fi + LAA network when LAA UEs transmit BE data within a COT and the eNB  uses channel access parameters of VO to obtain the COT versus when the eNB uses BE to obtain the COT. 
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Figure 4: %Change in Wi-Fi and LAA UL BE mean UPT with LAA using a paused COT, where the COT is obtained by channel access parameters of VO and BE respectively
Observation 3: If LAA UEs transmit Best Effort data in the UL within a COT obtained by the eNB, fair coexistence with Wi-Fi is ensured only when the eNB uses channel access parameters of Best Effort to obtain the COT. 
Observation 4: If LAA UEs transmit Best Effort data in the UL within a COT obtained by the eNB, the LAA UL UPT is worse when the COT is obtained by the eNB using channel access parameters and MCOT of Voice than when the COT is obtained by the eNB using channel access parameters and MCOT of Best Effort. 

Proposal 3: If a COT is obtained by an eNB using one of the channel access priority classes X (1…4) and the COT is shared with UE(s), the eNB shall ensure that:

· Transmissions by all UEs within the COT shall not exceed the minimum possible duration needed to transmit all available buffered traffic corresponding to channel access priority classes  <= X 

· The transmission duration shall not exceed the MCOT for channel access priority class X

· Additional traffic corresponding to channel access priority classes > X shall be included in the UL transmissions only when no more data corresponding to the channel access priority classes <= X is available for transmission.
2.3 UL traffic multiplexing scheme in Wi-Fi 802.11ax

The UL traffic multiplexing scheme in Wi-Fi 802.11ax has not been finalized and is still under discussion. However, the following are some of the decisions and discussions relevant to this topic. This information is obtained from the Specification Framework for TGax updated on 17/Mar/2016 [2] and the Proposed TGax draft specification updated on 15/Jan/2016 [3].
1. Is UL data transmitted within a COT obtained by the AP a function of the channel access priority class used by the AP to obtain the COT?
· According to section 4.1 of [2] and section 9.59.2.3 of [3], an STA may multiplex different traffic IDs in the same Trigger-based UL PPDU. However, there would be restrictions on when such traffic multiplexing is allowed. The exact multiplexing rules are still TBD in the specification. However, restrictions have been discussed and referred to in [2] and [4] which make it clear that multiplexing of data of secondary access categories (i.e. data with access priority different from what has been used to win the COT) will only be allowed under the following restriction:

· The air time of scheduled UL OFDMA transmission is set by the STA that requires the longest air time to transmit data of the primary access category. 

· In this case, if it happens that other STAs have idle time after exhausting data for the primary access category, the given STAs will be allowed to multiplex data from secondary access categories instead of having idle time or transmit padding.
Note that the above proposed condition for multiplexing data of different access priorities in 802.11ax is very similar to the condition that has been already agreed upon for DL LAA as quoted below:

· “If a DL transmission burst with PDSCH is transmitted, for which channel access has been obtained using LBT priority class X (1...4), the eNB shall ensure that:

· The transmission duration shall not be longer than the minimum possible duration needed to transmit all available buffered traffic corresponding to LBT priority classes ≤ X

· The transmission duration shall not be longer than the COT for priority class X

· Additional traffic corresponding to LBT priority classes >X may only be included in the DL transmission burst when inclusion of traffic corresponding to LBT priority classes ≤ X has been exhausted.  In such cases, the eNB should maximise occupancy of the remaining transmission resources in the DL transmission burst with this additional traffic”
3 Observations and Conclusions
Observation 1: LAA shall use a paused Channel Occupancy Time (COT) only to accommodate the UL grant-to-transmission delay. A paused COT shall not be used for other purposes that may provide LAA an unfair channel access advantage over co-channel Wi-Fi. 

Proposal 1: An LAA UL channel access scheme with a paused COT shall be defined as follows:

· A COT is started with a DL transmission after CAT4 LBT.

· A previous COT, if any, ends when a subsequent DL transmission is started after CAT4 LBT.
· Within a COT, UL transmissions scheduled by a single UL grant or by consecutive UL grants shall not contain any scheduled gaps. Additionally, UL transmissions scheduled by those non-consecutive UL grants which can schedule consecutive UL transmissions shall not contain any scheduled gaps. The only exceptions are gaps that may be required to perform LBT by the UE(s).  
· Within a COT, non-consecutive DL transmissions shall not be allowed.

· The duration of all scheduled transmissions shall be counted towards the MCOT. So, if a UL transmission is scheduled within a COT, but the transmission doesn’t happen due to LBT failure, then the duration of the scheduled UL transmission is counted towards the MCOT; however the LBT duration is not counted towards the MCOT.

Observation 2: The fair coexistence criterion for Wi-Fi UL mean UPT is met only when LAA UEs restart a paused COT with 25us LBT; it is not met when the COT is restarted with 9us LBT.
Proposal 2: The LAA UE shall do a fixed LBT of duration 25us immediately before restarting a paused COT for a scheduled UL transmission, in case the duration of such transmission is within the COT won by the eNB with CAT4 LBT. The LBT procedure shall be the same as the LBT procedure for DRS transmissions in DL LAA.   

Observation 3: If LAA UEs transmit Best Effort data in the UL within a COT obtained by the eNB, fair coexistence with Wi-Fi is ensured only when the eNB uses channel access parameters of Best Effort to obtain the COT. 
Observation 4: If LAA UEs transmit Best Effort data in the UL within a COT obtained by the eNB, the LAA UL UPT is worse when the COT is obtained by the eNB using channel access parameters and MCOT of Voice than when the COT is obtained by the eNB using channel access parameters and MCOT of Best Effort. 

Proposal 3: If a COT is obtained by an eNB using one of the channel access priority classes X (1…4) and the COT is shared with UE(s), the eNB shall ensure that:

· Transmissions by all UEs within the COT shall not exceed the minimum possible duration needed to transmit all available buffered traffic corresponding to channel access priority classes  <= X 

· The transmission duration shall not exceed the MCOT for channel access priority class X

· Additional traffic corresponding to channel access priority classes > X shall be included in the UL transmissions only when no more data corresponding to the channel access priority classes <= X is available for transmission.
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