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1
Introduction

In this document, we discuss the UL LBT procedure at the UE. 

2
UL LBT 

The UL LBT protocol for LAA should be designed to accommodate the following constraints in LTE

1. LAA UL is subframe based and scheduled by the eNB either through self-scheduling from the same carrier or cross-carrier scheduling from different licensed/unlicensed carriers. 

2. UE will not transmit if it does not acquire the channel at the subframe boundary for which it received the grant and considers the grant as expired. It will attempt channel access only when scheduled by the eNB once again.

3. UE has to obtain UL grant at least 4ms before UL transmission.

4. eNB may schedule multiple UEs in a subframe and multiplex them either spatially or in frequency. All such scheduled UEs must be able to access the channel simultaneously without mutual interfering with each other’s channel access.

5. UL channel access protocol must allow multiple UL channels such as PUCCH, PUSCH, SRS and PRACH to be multiplexed together within a subframe.

6. LAA UL is power controlled by the eNB and thus UL transmissions may have much smaller ability to silence transmissions from neighbouring nodes. 

7. eNB does not acknowledge success or failure of transmissions from the UE and hence traditional ACK/NACK based contention window based adaptation schemes cannot be used at the UE.

8. UE may not be continuously monitoring the channel to determine observable parameters such as number of interruptions [1] unless it is scheduled by the eNB to minimize power consumption.

9. UE may not know if there was an active DL transmission just before the start of UL transmission.

To accommodate these constraints for LAA UL, we propose to consider a fast LBT mechanism for channel access on the UL. We consider the following scenarios

2.1
eNB transmits until just before UL transmission begins

This scenario occurs when either the eNB is self-schedules the UL or when it cross-carrier schedules the UL but has an ongoing DL transmission on the LAA carrier.

In this scenario, if the turnaround time between DL and UL transmissions is less than NoCCATurnAroundTime which is comparable to SIFS in 802.11 channel access protocol. In this case, the UE may start UL transmission starting at a designated boundary without performing any LBT procedure. 

Alternatively, if the turnaround time between DL and UL transmissions is more than NoCCATurnAroundTime the UE performs channel sensing for the duration of one defer period. If the channel is deemed available, the UE may begin the transmission and if the channel is not available, the UE shall not transmit and wait until the next channel access opportunity. 

As the UE cannot autonomously determine whether to transmit without performing any LBT or to perform LBT for the one defer period before transmission, the eNB has to indicate this information in the UL grant. It is the eNB’s responsibility to ensure that the UE performs the right LBT procedure. The total duration of DL and UL transmissions in this scenario shall not exceed the MaximumChannelOccupancyTime.

If LBT is performed at the UE, one shot LBT based on channel sensing during one defer period should be considered when eNB transmission finishes just before UL transmission. This simplifies the LBT procedure, allows for easy multiplexing of both scheduled (PUSCH) and non-scheduled (PUCCH, PRACH etc.) UL channels as the UEs can perform CCA for a defined instance of time and start transmission. 

2.2
No DL transmissions before UL 

This scenario occurs when the eNB has no DL transmission and the UL is cross-carrier scheduled. Alternatively, such a scenario may also occur if the eNB has suspended DL transmission several subframes before the start of UL by the UEs. This is due to the 4ms gap needed between the receipt of a UL grant and UL transmission in current LTE systems. 

Even when the grant for UE transmission is sent on a different channel (cross-carrier scheduling), the UE still has a significant constraint on the transmission as the grant is not persistent but applicable for a given subframe given the scheduled nature of LAA operation. In addition, even in this scenario, there is a need to coordinate transmissions from multiple UEs. 

We propose that the UE perform LBT for the duration of one defer period and transmit if the channel were available and discard that subframe if the channel were deemed occupied in this scenario. However, as the eNB has no transmissions before the start of UL, we propose to limit the maximum UL channel occupancy time in this scenario to MaximumIndependentULChannelOccupancyTime. For example, such UL transmissions may be restricted to 2ms after which the UE has to sense the medium once again to obtain channel access. 

Alternatively, in this scenario, the UE performs the ECCA procedure with a small value of q (e.g. q = 3 to 6). This is to ensure that the CCA procedure fits within one LTE OFDM symbol duration. The UE does not have any defer periods to ensure that the ECCA procedure finishes right at the subframe or symbol boundary (Reserving the channel if it gets the medium before the subframe boundary may block the CCA of other UEs). The UE then obtains channel access if and only if all the slots are available. Even if one of the slots is occupied, the UE misses its transmission and waits for the next channel access opportunity.

As in the scenario in Section 2.1, the UE must be instructed by the eNB to use the appropriate channel access mechanism (including q value if needed) as part of the DL grant as the UE cannot autonomously determine the LBT procedure and parameters to use for accessing the channel.

2.3
Multiplexing of UL channels and multiple UEs

As the UL can be transmitted either without CCA or by performing one shot CCA, all the UL channels such as PUCCH, PRACH, SRS and PUSCH can be multiplexed by appropriately design the waveforms to start at the subframe boundary. 

For example, the PUCCH transmission can be limited to the first subframe of each UL transmission burst so that all the UEs which have to send ACK/NACK and CQI feedback may transmit at the same time. Similarly, SRS can be moved to the first symbol of the subframe instead of the last symbol in the current LTE design today to allow multiplexing of SRS from UEs without scheduled PUSCH transmission on that subframe. 
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Conclusions 

In this document, we discuss various aspects of the UL LBT procedure. We list the various constraints for the LBT procedure at the UE and propose a solution which can accommodate all these constraints.

Proposal:

1. Fast LBT procedure at the UE with either no CCA or a single CCA when the turnaround time between DL and UL transmission is very small.

2. Fast LBT procedure with limited transmission time when there is no DL transmission before UL channel access. Alternatively, Cat 4 LBT with very small value of q may also be used in this scenario.
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