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1. Introduction
In RAN plenary #68, a new WI on LAA was approved, and the work item shall only specify support for LAA SCells operating with only DL transmissions. For UL, the principles of UL channel access and the necessary forward compatibility mechanisms should be agreed (but not specified), so that the UL for LAA SCells can be added in future release without modifications to the DL design [1].
In this contribution, we discuss the UL channel access mechanism, particularly the UL LBT Cat 4, i.e. Load based equipment (LBE) with variable CW size.
2. Discussion on LBT for UL
During the study item phase, it was agreed that Category 4 based LBT mechanism is recommended as the baseline for LAA DL transmission bursts containing PDSCH. Regarding LBT for UL transmission, there was preliminary discussion and it was agreed that UL LBT scheme can be different from the DL LBT scheme as follows:

Agreements:
· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe

· Possibly other considerations
In the RAN1#81, it was also discussed that the UL LBT scheme can be different according to the UL scheduling mode (e.g. self-scheduling or cross-carrier scheduling for PUSCH transmission) because the number of LBTs required for PUSCH transmission is different according to scheduling mode. For example, if self-scheduling for PUSCH transmission is configured, it requires two LBTs for PUSCH transmission, i.e. LBT for transmission of UL grant at eNB and the other LBT for PUSCH transmission at UE. In Wi-Fi network, however, UL transmission can be initiated after successful LBT only at UE side. Therefore, in order to increase fairness on channel access opportunity for LAA UL, it was proposed that configuring different LBT parameters for UL is allowed according to scheduling mode. For example, smaller CW size can be configured for self-scheduled PUSCH transmission if Cat 4 LBT is applied for UL. On the contrary, if cross-carrier scheduling for PUSCH transmission is configured the DL LBT parameters could be applied for UL because only scheduled UE would perform LBT for PUSCH transmission while UL grant would be transmitted from eNB in the licensed carrier without LBT. In addition, it is worth noting 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 should be noted that LBT for LAA UL transmission should be designed to increase channel access opportunity of LAA by using different LBT categories (e.g. Cat 2 or Cat 3) or parameters (e.g. smaller CW size for Cat 4), while keeping coexistence performance of LAA and Wi-Fi. Detail design of other LBT category for UL (e.g. Cat 2) could be found in our companion contribution [4].
Observation 1: UL channel access opportunity of LAA is much lower than Wi-Fi because only scheduled UE would perform LBT to occupy channel for PUSCH transmission
Proposal 1: LBT for LAA UL transmission should be designed to increase channel access opportunity of LAA by using different LBT categories or parameters, while considering coexistence performance of LAA and Wi-Fi
If Cat 4 LBT is applied for DL and UL, the rule for CW size adaptation would be required. In this case, it would be preferable to apply common approach for CW size adjustment for both DL and UL even LBT parameters for DL and UL would be different. Regarding CW size adjustment for DL, following two options were discussed during the study item

· For PDSCH, the following two approaches to adjust the contention window size should be considered and it should be noted that a combination of the options listed below is not precluded.

· Based on feedback/report of UE(s) (e.g. HARQ ACK/NACK)
· Based on eNB’s assessment (e.g. sensing based adjustment)
Note that the details on CW size adjustment for DL LBT can be found in our companion contribution [3]. Similar to discussion for DL LBT, CW adjustment based on UE’s assessment (e.g. LBE Option A described in EN 301 893) seems not applicable for UL. The reason is that if CW size is adjusted based on UE’s assessment, it could be happened that CW size for LAA is doubled even before ECCA counter reaches to zero, while CW size of Wi-Fi is doubled only after receiving NACK from AP/STA, which may results in unfair channel access between LAA and Wi-Fi. In our view, therefore, in order to ensure fair coexistence with Wi-Fi, it would be desired that CW size for LAA UL is adjusted exponentially based on ACK/NACK feedback, if Cat 4 LBT is applied for UL LBT scheme.

Proposal 2: In order to ensure fair coexistence with Wi-Fi, exponential CW adaptation based on HARQ ACK/NACK should be considered for Category 4 UL LBT design
However, further study is required when CW size is adjusted based on ACK/NACK feedback from eNB because there is no physical channel to explicitly indicate ACK/NACK to UE with fixed timing. In other words, unlike downlink wherein ACK/NACK feedback from UE always available 4ms later at eNB, UE only can derive the ACK/NACK implicitly by NDI containing in UL grant. It is noted that it was agreed that PHICH is not supported in LAA. Therefore, rules for how HARQ ACK/NACK works for CW adjustment should be defined for UL. For example, similar to DL, CW size could be adjusted if UE receives at least a single NACK in between two ECCA checks (e.g. between time for random back-off number generation in each ECCA check) or if a NACK is included in the latest feedback from eNB before performing ECCA check at UE.  It is noted that if eNB fails to decode the PUSCH (e.g. DTX or NACK) while UE did transmit PUSCH, such PUSCH transmission could be considered as NACK so that CW size for UL LBT would be doubled for the next PUSCH transmission. In addition, it is likely that latency between UL grants for a UE would be quite large depending on eNB scheduling decision. For example, if eNB schedules a new PUSCH with another HARQ process other than the transmitted HARQ process, UE considers the previous PUSCH transmission was successful. In this case, initial CW size would be applied for ECCA check before new PUSCH transmission of the UE, irrespective of contention on the channel. In this case, CW size adaptation may not be useful at least for the purpose of contention resolution. Furthermore, the CW size of each UE is varied according to ACK/NACK feedback from eNB, it would increase difficulties of multiplexing LAA UEs in a subframe. Therefore, further study is needed for how HARQ ACK/NACK based CW adjustment works in LAA if Cat 4 LBT scheme is applied for UL.

Observation 2: Depending on eNB scheduling, latency between UL grants for a UE would be quite large so that CW size adaptation might not be useful at least for the purpose of contention resolution
Proposal 3: Further study is needed for how HARQ ACK/NACK based CW adjustment works in LAA if Cat 4 LBT scheme is applied for UL
Another issue on UL LBT with variable CW is that UE may need to transmit reservation signal until the subframe boundary of scheduled PUSCH according to LBT end position. If scheduled UE initiates (E)CCA check few OFDM symbols prior to the scheduled subframe to increase transmission opportunity, it is inevitable that reservation signal would be transmitted for considerable time, which results in wasted DL/UL resource and increased UE power consumption for channel reservation. Therefore, it should be noted that transmitting reservation signal should be minimized as much as possible. In this case, although channel access opportunity might be reduced, restricting (E)CCA starting position would be beneficial to minimize overhead for channel reservation. For example, (E)CCA is allowed to start from the last OFDM symbol until the boundary of scheduled subframe. If it is failed to find idle channel, (E)CCA counter is frozen and resumed from the last OFDM symbol before the next scheduled subframe. 
Proposal 4: (E)CCA starting position would be restricted to minimize overhead and UE power consumption for channel reservation
3. Conclusions

A summary of our observations and proposals on the LAA channel access mechanism issues on UL are as follows:
Observation 1: UL channel access opportunity of LAA is much lower than Wi-Fi because only scheduled UE would perform LBT to occupy channel for PUSCH transmission
Observation 2: Depending on eNB scheduling, latency between UL grants for a UE would be quite large so that CW size adaptation might not be useful for contention resolution
Proposal 1: LBT for LAA UL transmission should be designed to increase channel access opportunity of LAA by using different LBT categories or parameters, while considering coexistence performance of LAA and Wi-Fi
Proposal 2: In order to ensure fair coexistence with Wi-Fi, exponential CW adaptation based on HARQ ACK/NACK should be considered for Category 4 UL LBT design
Proposal 3: Further study is needed for how HARQ ACK/NACK based CW adjustment works in LAA especially for UE multiplexing if Cat 4 LBT scheme is applied for UL

Proposal 4: (E)CCA starting position would be restricted to minimize overhead and UE power consumption for channel reservation
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