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1 Introduction

In 3GPP RAN#65, the study item on Licensed-Assisted Access (LAA) using LTE was approved with the following objective for evaluation:

·   Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (i.e. based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD. [RAN1]
According to the SID, LAA can be operated for DL-only or DL and UL transmission in unlicensed spectrum under the carrier aggregation framework. During the last RAN1 meeting, overall evaluation methodologies for DL transmission were agreed, and initial evaluation results for DL transmission are provided in RAN1#80. In this contribution, we provide evaluation methodology for UL transmission in unlicensed spectrum for LAA.
2 Evaluation assumptions for LAA UL transmission

According to regulation for certain regions required LBT (listen-before-talk), CCA (clear channel assessment) should be performed at the transmitter before transmitting a signal to the unlicensed carrier. Therefore, unlike DL-only transmission where CCA is performed at the eNB, CCA should be required for all UEs who have a packet in the queue, which would increase evaluation overhead significantly compared to DL-only evaluation. In addition, if LBE (load-based equipment) is considered for LAA UL transmission, such UEs should check the channel status continuously until the channel is available.


For UL evaluation, measuring interference at an eNB from the scheduled UEs in neighbour cells would be important to decode signal from the desired UEs. However, in LAA UL evaluation, scheduling decision by neighbour cells and CCA results of each UE could be varied dynamically it would make UL evaluation more complicated to estimate interference at the receiver compared to legacy UL evaluation. For example, if we consider the outdoor scenario with single carrier as in DL evaluation, more than 1000 UEs require CCA check at the same time for the worst case, and each CCA result should be taken into account for each cell to decode the intended signal. Therefore, studies to minimize evaluation complexity for LAA UL transmission would be required. For example, minimizing the number of UEs in the system as much as possible would be beneficial to minimize number of CCA trials.  In this case, focussing on the indoor scenario could be the one of possible solutions since interferences from outside of the building could be neglected at the received in the building. 


Similar to the above observation, increasing number of desired UEs would increase the uncertainty of interference at the eNB as well as CCA overhead. Therefore, considering minimum number of UEs would be helpful to minimize evaluation overhead for UL transmission. During DL evaluation, scenarios with two different numbers of UEs were considered based on the number of carriers. That is, 10UEs and 40UEs per operator for single and multi-carrier scenarios were evaluated, respectively.  Since the overall level of congestion to occupy the channel is similar to both cases for each UE perspective, considering a single carrier scenario as a baseline would be preferred for UL evaluation than multi-carrier scenarios which can be optional.
Observation 1: Studies to minimize additional evaluation complexity for LAA UL evaluation compared to DL would be required


For LAA UL, following two frame structures could be considered for evaluation:

· DL and UL transmission

· UL only transmission


If both DL and UL transmissions in unlicensed band are considered for LAA UL evaluation, existing TDD frame structure where DL and UL is multiplexed by TDM could be reused. However, for the transmitter perspective, it would be desirable to occupy the channel continuously during the channel occupancy time. Therefore, introducing a new TDD UL-DL configuration for continuous DL and UL transmission in the channel occupancy time would be needed for the scenario of DL and UL transmission. For LAA UL, FBE and LBE-based LBT could be considered as a channel access mechanism, respectively. Therefore, if both DL and UL transmission in unlicensed carriers is evaluated, combination of channel access mechanism for each DL and UL (e.g. LBE for DL, FBE for UL, or FBE for DL, LBE for DL) could be considered to evaluate co-existence performance according to different LBT assumptions.

The other option is to consider UL only transmission similar to LAA DL evaluation. During the RAN1#79, it was agreed for DL evaluation that the LAA sends only DL traffic since UL traffic of LAA (e.g. ACK/NACK) is assumed to be transmitted in the licensed carrier. Similar to DL evaluation assumption, assuming UL only transmission in the unlicensed carriers could be considered to minimize evaluation effort compared to DL and UL transmission. However, it might not be evaluate actual impact on Wi-Fi from LAA UL operation. Therefore, it is worth noting that further discussion on the necessity of considering DL transmission in LAA UL evaluation would be required to decide UL frame structure at least for evaluation.
Observation 2: New UL/DL configuration to support continuous DL and UL transmissions during the channel occupancy time, combination of channel access scheme for DL and UL, and dynamic UL/DL traffic adaptation would be needed if DL and UL transmission is considered for LAA UL evaluation.
Observation 3: Further discussion on the necessity of considering DL transmission in LAA UL evaluation would be required to decide UL frame structure at least for evaluation.
3 Conclusions

In this contribution, we summarized evaluation methodologies for LAA UL evaluation as below.

Observation 1: Studies to minimize additional evaluation complexity for LAA UL evaluation compared to DL would be required

Observation 2: New UL/DL configuration to support continuous DL and UL transmissions during the channel occupancy time, combination of channel access scheme for DL and UL, and dynamic UL/DL traffic adaptation would be needed if DL and UL transmission is considered for LAA UL evaluation.

Observation 3: Further discussion on the necessity of considering DL transmission in LAA UL evaluation would be required to decide UL frame structure at least for evaluation.
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