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Introduction
In RAN1 #82 meeting, the following working assumptions have been agreed [1].
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· The UL maximum contention window size should be smaller than for DL category 4 LBT
· Note that X = 7 can be revisited later after DL LBT discussions, if necessary
· FFS: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts
During the e-mail discussion [82-06] after RAN1 #82 meeting, above working assumptions have been updated as follows,
•      For self-carrier scheduling, the following UL LBT candidate procedures should be considered
–     A CCA duration of at least 25 us before the transmission burst
•      The sensing duration in a CCA slot can be less than the CCA slot duration
–     A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7}
•      FFS: The random backoff counter is generated at the eNB and is signaled to the UE
•      FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 
•      The UL maximum contention window size should be smaller than for DL category 4 LBT
•      Note that X = 7 can be revisited later after DL LBT discussions, if necessary
–     FFS: Energy detection threshold used for UL LBT
•      LBT may be needed for an UL transmission burst that contains PUSCH
•      LBT may or may not be needed for an UL transmission burst without PUSCH that contains control transmissions (PUCCH)
•      FFS: Whether and under what conditions the following option may be used
–     Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

In this contribution, we will discuss the FFS parts of UL LBT and related PUSCH design.
UL LBT and PUSCH Design
UE-sensing based UL LBT
Two alternatives have been listed for UE-sensing based LBT. Both alternatives require a defer period (or CCA duration) of 25 us before the transmission burst. The difference is that Alternative 1 has an additional random backoff whereas alternative 2 does not. Additional random backoff helps to reduce the collision between UL bursts or between UL bursts and DL bursts from neighbouring cells, especially in the case of a synchronized network. Because of the LBT process, collisions which occur randomly according to the arbitrary traffic generation in each UE/Cell bring more dynamic fluctuation of interference levels than the case of PUSCH in licensed bands. As a result, LAA UL transmission without random backoff cannot benefit much from the scheduling gain from adaptive modulation, coding and UE diversity. On the other hand, an appropriate random backoff procedure may increase the throughput gain at the expense of signalling overhead considering that the backoff value may be decided in eNB and transmitted to the corresponding UEs. One of the important motivations to signal the backoff value from the eNB to the UEs is to enable UE multiplexing in the frequency domain. 
As for the maximum contention window X for the alternative 1, the current working assumption is that X is selected from {3, 4, 5, 6, 7}. Although X=7 can reduce the collision most compared to the other candidates, there are also some other aspects which can be taken into account. 
· If the UL LBT procedure can be finished in the period of 72 us, i.e. the length of an OFDM symbol, shortened PUSCH format can be reused, without any change, to realize UE multiplexing in the time domain. Considering the defer period of 25us, X={3, 4, 5} can meet this purpose. 
· A straightforward and reasonable option to inform the backoff value to the UE is to include it in the UL grant. The overhead for this control information is also an important issue. X=3 results two bits whereas other candidates require three bits.
We tend to think that X=3 is a good trade-off point based on the above discussion. 

Proposal 1: For the UE-sensing based case, the following UL LBT procedure can be considered: 
–     A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
•     Contention window size X=3
· The random backoff counter is generated at the eNB and is signaled to the UE
•     When a UL grant is subject to LBT with a new random counter value, the UL transmissions scheduled by the UL grant also uses a new random counter value (the previous counter value is discarded) irrespective of prior success/failure in accessing the channel. 
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Fig. 1 PUSCH transmissions with a specified delay relative to the timing of their UL grants 

As for the timing relationship between UL grant and PUSCH, the start line can be to reuse the current TDD design as shown in Fig. 1. As shown in our accompanying contribution [2], this design can provide reasonable performance under the condition of low traffic load. However, as the load and congestion in the operating carrier frequency increases, more and more of the additional PUSCHs cannot be transmitted due to the busy condition of CCA, and the UPT performance degrades significantly. Especially during the period that there is only UL traffic, the higher discarding rate result in higher overhead over the operating carrier, and all the networks which share the same carrier frequency are impacted negatively.  

UL LBT scheme for high load situation
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Fig. 2 Piggybacked PUSCH transmission with CCA
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Fig. 3 Piggybacked PUSCH transmission without CCA

Assuming that PUSCH can be transmitted only from a fixed timing, i.e. subframe boundary, the transmission opportunities are very limited especially when on a congested carrier. Especially in the period that there is only UL traffic in the LAA cell, there is a high degree of probability that another networks starts to transmit some burst before the start of PUSCH. One solution to increase the transmission opportunities of PUSCH is to allow it to be delayed, e.g. to next subframe. To make it work without unnecessary intra-cell collision/interference, the eNB and other UEs need to know whether or not a UE is delaying its transmission to the next transmission opportunity. For such a purpose, the eNB may indicate explicitly in UL grant that the specified PUSCH should be transmitted right after the next DL burst. The eNB can adjust the length of the next DL burst considering the transmission of PUSCH, the UE may or may not be required to perform CCA. Fig. 2 shows the case that the UE performs CCA. Fig. 3 shows the case that the UE does not perform CCA.
For both Fig.2 and Fig. 3, it is important that the transmission timing of PUSCH varies depending on the end timing of DL burst. Otherwise, if the transmission timing of PUSCH is still given by a fixed delay based on the timing of its UL grant, the transmission opportunity of PUSCH is largely limited by the transmission opportunities of the DL burst. As shown in our accompanying contribution [2], piggybacked PUSCH transmission with CCA can improve the UPT performance of both LAA and coexisting Wi-Fi by above 50% compared to that in Fig. 1, piggybacked PUSCH transmission without CCA provides the best performance of both LAA and coexisting Wi-Fi among the three methods.


Proposal 2: To further improve the UPT performance of LAA UL, PUSCH should be allowed to be piggybacked by a DL burst, which can be the DL burst containing the corresponding UL grant, or the next DL burst. The transmission timing of PUSCH depends on the DL burst. A UE may or may not be required to perform CCA before transmitting PUSCH.


Multi-subframe continuous transmission
In the case that UE performs CCA before transmitting the PUSCH, as Fig.1 or Fig .2, it will be beneficial to allow multi-subframe continuous transmission to reduce the overhead of UL grant and CCA. A straightforward way to inform the UE about the number of continuous subframes is to include the information in UL grant. As shown in the accompanying contribution [2], multi-subframe continuous transmission can improve UPT performance of piggybacked transmission of PUSCH with CCA but not the method in Fig. 1. It is worth noting that piggybacked transmission of PUSCH without CCA still has better performance with both LAA and coexisting Wi-Fi, than piggybacked multi-subframe continuous transmission of PUSCH with CCA. 

Proposal 3: Multi-subframe continuous transmission can be considered in order to reduce the overhead of UL grant and CCAs. In addition, it can improve the UPT performance of piggybacked transmission of PUSCH with CCA.

Conclusions
This contribution discussed UL LBT and PUSCH design for LAA. Our proposals are summarized as follows,

Proposal 1: For UE-sensing based case, following UL LBT procedures can be considered, 
–     A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
•     Contention window size X=3
· The random backoff counter is generated at the eNB and is signaled to the UE
•     When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

Proposal 2: To further improve the UPT performance of LAA UL, PUSCH should be allowed to be piggybacked by a DL burst, which can be the DL burst containing the corresponding UL grant, or the next DL burst. The transmission timing of PUSCH depends on the DL burst. A UE may or may not be required to perform CCA before transmitting PUSCH.

Proposal 3: Multi-subframe continuous transmission can be considered in order to reduce the overhead of UL grants and CCAs. In addition, it can improve the UPT performance of piggybacked transmission of PUSCH with CCA.
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