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1 Introduction

During Rel-13 WI, RAN1 had achieved some agreements on UL LBT. Two UL LBT candidates were considered with FFSs. 
· 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
· For cross-carrier scheduling, if it is supported that an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 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, 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

· FFS: Energy detection threshold used for UL LBT
In this contribution, we discuss the category 4 based UL LBT scheme. The detailed on the scheme referred as “A CCA duration of at least 25 us before the transmission burst” could be found in our companion contribution [2].
2 Discussion on UL LBT
2.1 Contention window size
In Rel-13, Category 4 LBT scheme was adopted for DL transmission burst containing PDSCH. Regarding LBT for UL transmission, there was discussion and it was agreed that following LBT schemes can be considered as one of candidate UL LBT schemes.

· A CCA duration of at least 25 us before the transmission burst
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot
For the Category 4 LBT scheme, maximum contention window size can be different according to the UL scheduling mode (e.g. self-scheduling or cross-carrier scheduling for PUSCH transmission) because the numbers of LBT required for PUSCH transmission is different according to scheduling mode. For example, it was agreed that one of {3, 4, 5, 6, 7} can be chosen for the maximum contention window for self-carrier scheduling. On the contrary, although there is no explicit candidates on maximum contention window for cross-carrier scheduling, it would be desirable that the contention window for cross-carrier scheduling would be greater than that for self-carrier. Because only scheduled UE would perform LBT for PUSCH transmission while UL grant would be transmitted from eNB in the licensed carrier without LBT. However, during SI/WI, it was observed that UL channel access opportunity of LAA is much lower than Wi-Fi because only scheduled UEs can perform LBT to occupy channel for PUSCH transmission. Therefore, it was agreed that smaller CW size than that for downlink would be applied for UL LBT, if Cat 4 LBT is supported for UL. Thus, it should be noted that LBT for LAA UL transmission should be designed to increase channel access opportunity of LAA. In that case, it would be preferred that the contention window for cross-carrier scheduling would be greater than that for self-carrier but smaller than downlink if fair coexistence with Wi-Fi is ensured. For example, in case of uplink cross-carrier scheduling, 7 and 15 can be considered minimum contention window size and maximum contention window size, respectively.
Proposal 1: Contention window for cross-carrier scheduling would be greater than that for self-carrier but smaller than downlink if fair coexistence with Wi-Fi is ensured
2.2 eNB controlled UL LBT
For Cat 4 UL LBT, UE may need to transmit reservation signal until the starting position of the PUSCH. For example, the UE could initiates ECCA check a few OFDM symbols prior to the scheduled subframe to increase transmission opportunity, or UE with the small back-off counter could finish ECCA check within the OFDM symbol. In this case, it is inevitable to transmit some signal to reserve the channel until the scheduled PUSCH, which would increase UE power consumption. In addition, transmitting reservation signal would cause interference and channel congestion which prevents the multi-user multiplexing in one subframe. At least to alleviate such inter-user blocking problem, it could be considered that contention window size is maintained at eNB and a common back-off counter is generated by eNB. The selected counter is signalled to the scheduled UEs in uplink grant. Since the scheduled UEs in one subframe have the same back-off counter, inter-user blocking problem could be resolved to some extent. Therefore, if a new random back-off counter is included in the UL grant, the previous counter is discarded irrespective of prior success/failure in accessing the channel and a new random back-off counter is applied to LBT for the scheduled UL transmission. 
Proposal 2: If Cat 4 based UL LBT is supported, a common back-off counter can be generated by eNB and signalled to scheduled UEs in uplink grant

Proposal 3: If a new random back-off counter is included in the UL grant, the pervious counter is discarded and a new counter is applied for the UL LBT

2.3 CWS adaptation for UL LBT
If Cat 4 LBT is supported for UL and the contention window size is maintained by eNB, it would be prefered to have common approach on CWS adaptation for both DL and UL, even LBT parameters for DL and UL would be different. Regarding CW size adaptation for DL LBT, following rules were adopted in Rel-13
· The CWS is increased if at least 80 % of the HARQ-ACK feedback values for a reference subframe set are NACK. Otherwise, the CWS is reset to the minimum value.

· Reference subframe set: the first DL subframe of the latest DL data burst for which HARQ-ACK feedback is available.
Similar to DL, therefore, contention window size could be doubled if at least 80% of the HARQ ACK/NACK reports corresponding to the first subframe of the most recent UL data burst from eNB perspective are NACKs. Note that if eNB can distinguish DTX of PUSCH due to LBT [4], it may not be counted as NACK. Otherwise, it is NACK.

It should be noted that collision condition for uplink is different from that for downlink. For example, there are multiple and different transmitters in each UL burst while only eNB is a transmitter in downlink. Therefore, if needed, some modifications on the ratio of ACK/NACK or the reference subframe may be considered to ensure fair coexistence with Wi-Fi while guaranteeing reasonable performance of LAA especially UL. Note that if multi-subframe scheduling is supported for UL, such difference between UL and DL would be marginal.

Proposal 4: If Cat 4 based UL LBT is supported, it is preferred to have the same rule on CWS adaptation as DL, where contention window size is doubled if at least 80% of the HARQ ACK/NACK reports corresponding to the first subframe of the most recent burst are NACKs. 

2.4 Energy detection threshold for UL LBT
The ED threshold could be determined by a semi-statically configured value instead of the power class of the UE, e.g. the maximum transmission power of UE (PCMAX,c) or configured upper bound of  transmission power (PEMAX, c). As a further step, the ED threshold could be dynamically determined by the current transmission power of the UE. The transmission power is controlled by eNB. If the detected energy level at UE side is larger than the CCA threshold, UE has to drop the UL transmission. Obviously, there is some flexibility for LAA to increase the UL transmission opportunity at the cost of lower UL transmission power. It would be beneficial if eNB could properly control the UL power.
UE could adjust its UL transmission power to effectively increase the ED threshold. Consequently, the UL transmission opportunity could be increased with lower UL transmission power. In this case, eNB could configure a power range in which UE choose a proper value for UL transmission to pass the CCA. UE has to drop the UL transmission only if the UL transmission power derived from the detected energy level of CCA is less than the lower bound configured by eNB. 

Proposal 5: UL transmission opportunity could be increased by supporting more flexible CCA threshold.

3 Conclusions
Based on the discussion above, we have the following proposals:

Proposal 1: Contention window for cross-carrier scheduling would be greater than that for self-carrier but smaller than downlink if fair coexistence with Wi-Fi is ensured
Proposal 2: If Cat 4 based UL LBT is supported, a common back-off counter can be generated by eNB and signalled to scheduled UEs in uplink grant

Proposal 3: If a new random back-off counter is included in the UL grant, the pervious conter is discarded and a new counter is applied for the UL LBT
Proposal 4: If Cat 4 based UL LBT is supported, it is preferred to have the same rule on CWS adaptation as DL, where contention window size is doubled if at least 80% of the HARQ ACK/NACK reports corresponding to the first subframe of the most recent burst are NACKs. 

Proposal 5: UL transmission opportunity could be increased by supporting more flexible CCA threshold.
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