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1 Introduction

In Rel-13, it has been agreed that both cross-carrier scheduling and self-carrier scheduling are supported by LAA uplink. For the self-carrier scheduling, uplink grant is transmitted on the unlicensed spectrum, contending with downlink data for channel access (if applicable). LBT is required for uplink grant to guarantee fair coexistence with other RATs on the unlicensed spectrum. In this contribution, we discuss the details of the prioritization of uplink grant LBT.   

2 Prioritization of UL Grant LBT (Self-Carrier Scheduling)
When LAA has uplink traffic to transmit over the unlicensed spectrum, the UE needs to obtain an uplink grant from its associated eNB, which specifies the time-frequency resources scheduled for the uplink transmissions. In current LTE system, after the reception of uplink grant, UE needs another 4 ms to perform decoding and preparation for uplink transmission. In this sense, reducing the large UL grant – PUSCH timing becomes a key issue for improving uplink transmission delay. In Rel-13 [1], it has been agreed that all LAA downlink transmission requires LBT before accessing the channel. Then, for self-carrier scheduling, the transmission of uplink grant right after reception of scheduling request may not be always feasible due to failed LBT, which will further increase the UL grant – PUSCH timing. Hence, a proper prioritization of uplink grant LBT can efficiently increase the downlink channel access opportunity and help improving the uplink performance.

For self-carrier scheduling, there are two key issues concerned for the design of uplink grant LBT. First, in order to complete an uplink transmission, both downlink and uplink channel access are required. In light of this, allowing uplink grant to utilize a more aggressive LBT process is reasonable. Secondly, uplink grant generally carries short messages and can be transmitted over much smaller time duration, comparing to downlink data. This is another reason to adopt faster LBT process for uplink grant. Based on the two considerations, we propose that the prioritization of uplink grant LBT can be higher than downlink data LBT. 
In Rel-13 [1], four priority classes have been supported for downlink LBT. To embody the “higher priority”, uplink grant LBT can utilize the highest LBT priority class, i.e., with contention window size {3, 7} and MCOT 2 ms, or it can utilize a new LBT type more aggressive than the highest downlink LBT priority class (e.g. smaller or zero contention window size and shorter MCOT). 
Another consideration of embodying the “higher priority” is to allow uplink grant multiplexing with downlink data transmission, obeying the same principle as data multiplexing for downlink LBT priority classes [2]. Here, we utilize two cases, corresponding to the scenarios that the next burst is determined to transmit uplink grant or downlink data, to illustrate the multiplexing process. This determination can be made from higher level, if only one LBT engine is supported, or can be made from the competition between downlink data LBT and uplink grant LBT, if multiple LBT engines are supported. 

· If the next burst is to transmit uplink grant on PDCCH or ePDCCH, the transmission duration shall be determined to be quite short (e.g. 1 or 2 ms) in general, due to the small traffic requirement of uplink grant. Then, after exhausting the scheduling of uplink grant traffic, if downlink data traffic is available, the eNB can multiplex those downlink data into the remaining transmission resources on PDSCH, but the total transmission duration cannot be enlarged (which is determined by uplink grant traffic size). See Figure 1 for an example of this scenario with 1 ms uplink grant transmission, where downlink data are multiplexed into the PDSCH in this subframe. 
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Figure 1. Example of uplink grant transmission (duration of 1 subframe) multiplexed with downlink data.
· If the next burst is to transmit downlink data on PDSCH, and uplink grant traffic is also available, the transmission duration can be determined to be relative longer (e.g. 4 ms), then the eNB can multiplex uplink grant on PDCCH or ePDCCH in one or more subframes for downlink data transmission, depending on traffic size of uplink grant. See Figure 2 for an example of this scenario with 4 ms downlink data transmission, where uplink grant is multiplexed into the ePDCCH in the first subframe (it can also be multiplexed into other subframes). 
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Figure 2. Example of downlink data transmission (duration of 4 subframes) multiplexed with uplink grant.
To summarize, we have the following proposal: 

Proposal : For self-carrier scheduling, the priority of uplink grant LBT on PDCCH or ePDCCH should be higher than downlink data LBT on PDSCH: 
· Uplink grant transmission can utilize more aggressive LBT than downlink data transmission, e.g. downlink LBT with higher priority;

· Downlink data can be multiplexed into the transmission of uplink grant on the remaining resources for PDSCH in frequency domain;

· Uplink grant can be multiplexed into the transmission of downlink data on available PDCCH or ePDCCH within the scheduled number of subframes.
3 Conclusion

Based on the discussion above, we have the following proposal:
Proposal : For self-carrier scheduling, the priority of uplink grant LBT on PDCCH or ePDCCH should be higher than downlink data LBT on PDSCH: 
· Uplink grant transmission can utilize more aggressive LBT than downlink data transmission, e.g. downlink LBT with higher priority;

· Downlink data can be multiplexed into the transmission of uplink grant on the remaining resources for PDSCH in frequency domain;

· Uplink grant can be multiplexed into the transmission of downlink data on available PDCCH or ePDCCH within the scheduled number of subframes.
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Agreements: 


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
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