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Introduction
One of the most important design goals of LAA is fair coexistence with other radio access technologies (RATs) such as Wi-Fi and/or other LAA networks deployed by other operators. To meet the design goal, Listen before Talk (LBT) has been considered as a key enabling technology, where data packets are transmitted only when the channel is sensed to be idle.  In this contribution, we present preferred uplink LAA design choices based on our comprehensive evaluation results for various design options [1].  

Detailed design for LAA Uplink  
In this section, we discuss our proposed design option for LAA UL transmission, with emphasis on UL scheduling, UE LBT and subframe structure.  In the proposed method, with self-carrier scheduling, the UL grant transmission by the eNB occurs in unlicensed band after a successful LBT procedure at the eNB; or with cross-carrier scheduling, the UL grant transmission by the eNB occurs in licensed band without eNB sensing.  Upon reception of the UL grant in sub-frame n, the scheduled LAA UEs also perform LBT before carrying out their UL transmission in the subframe n+4.   

1) Self-carrier scheduling and Fast LBT for PUSCH transmission 

[bookmark: _GoBack]In this option, eNB performs self-carrier scheduling for PUSCH transmission, wherein, both eNB and the scheduled UE perform LBT before transmission of UL grant and PUSCH transmission on the unlicensed carrier. However, scheduled UE LBT parameters are chosen so that LBT is more aggressive than eNB.  In this design, after receiving a UL grant, UE performs an LBT during one symbol of the sub-frame before the actual PUSCH transmission is scheduled.  To allow the sensing in the last symbol, PDSCH and/or PUSCH transmission is shortened to e.g., 13 symbols and puncturing the last symbol.  If the LBT cannot be completed during the allowed duration of one symbol, PUSCH is not transmitted in the scheduled subframe. Once the channel is grabbed by the UE, and the same UE is scheduled by the UL grant for the next subframe, no sensing is performed for the remaining PUSCH transmissions. After the completion of LBT, UE reserves the channel by transmitting redundant signal during the one symbol sensing duration, until the start of the PUSCH transmission. 

In fast LBT design, contention window of UE is fixed, without exponential backoff, to a lower value than eNB. For instance, the contention window is fixed to 4, keeping the other parameters of the UE LBT implementation same the category 4 LBT described in [2]. With this choice of contention window, CCA+ECCA for UE can be completed within one symbol (34us+3*9us). Energy detection threshold for UE can be chosen to be -62 dBm.  

If DL traffic is present, PDSCH is transmitted to occupy the channel before PUSCH transmission, however, no redundant signals are transmitted from eNB, i.e., if the eNB does not have DL data to fill up the subframe(s) until the scheduled UL transmission starts, the eNB does not send any reservation signal to continue occupying the medium. In other words, the eNB leave the subframes empty until the scheduled UL transmission starts, unless it needs to send other LAA channels or LAA signals such as DRS and/or CRS and/or CSI-RS depending on the detailed design.  Figure 1, shows an illustration describing possible sequence of PDSCH and PUCCH transmissions. 


Figure 1: An illustration of a series of eNB LBT, UL grant transmission, and PUSCH transmission with UL LBT and without reservation signal


The Uplink grant transmission can be further optimized.  Instead of transmitting uplink grant in every subframe, UL grants can be bundled together for duration of UL transmission during one transmit opportunity. 

Multi-user scheduling can also be performed with the above design, wherein, multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) can be used for multi-user scheduling for PUSCH transmission, to allow for ETSI requirement that occupied channel bandwidth should be 80% of the nominal bandwidth. In this case, it may be desirable to make the random counter the same among the scheduled users in a subframe, e.g., via DCI or a higher layer signaling. 

2) Cross carrier scheduling and Regular LBT for PUSCH transmission 
In this option, UL grant is transmitted via cross carrier scheduling, wherein, eNB does not perform LBT before transmitting UL grant. After reception of UL grant, the UE should follow a regular LBT, not a faster LBT.. In this option, LBT procedure can proceed from the start of the sub-frame previous to the scheduled sub-frame or puncturing the last symbol.  It is possible that UE transmits reservation signal for sub-frame alignment after LBT is complete. Figure 2 illustrates UL LBT for PUSCH transmission via cross-carrier scheduling.  The last symbol of the PUSCH transmission burst can be punctured to allow for next scheduled UE LBT. 




Figure 2. An illustration of a series of eNB LBT, UL grant transmission, and PUSCH transmission via cross carrier scheduling with regular UL LBT 

Further discussion
· We observe from the evaluation results in [1], if eNB transmits redundant data to reserve and occupy the channel until the scheduled UL transmission starts where there is no DL data, the performance of WiFi is significantly degraded.  Such redundant reservation transmission can significantly add overhead and interference in the network. Particularly, in low load, reservation signal overhead can be quite high compared to the high load case, causing a noticeable degradation to WiFi and LAA DL/UL throughput. 
· We observe from the evaluation results in [1], that no UL LBT by the scheduled UE(s) can significantly degrade the WiFi performance, when reservation signal is not used. Without reservation signal and LBT, PUSCH transmissions cause significant collisions with WiFi, reducing the LAA and WiFi throughput. 
· If UE performs regular LBT rather than a faster LBT before transmitting the scheduled PUSCH, the probability that UE can transmit PUSCH transmission is significantly reduced as the UE may not complete the LBT within allocation duration. This causes LAA UL performance to reduce significantly, as observed in [1].  
· In order to allow LBT operation and UE sensing, it is required that a certain duration in the DL or UL subframe should remain blank. Therefore, first or last few OFDM/SC-FDMA symbols of the DL or UL subframe can be punctured to allow UL LBT operation. 
· Regular LBT option should be followed for UL when cross carrier scheduling is used for UL transmission without LBT for sending UL grant(s). The regular LBT option is preferred for co-existence with WiFi, where, it is expected that at-least one of the nodes, either eNB or UE should adhere to the regular LBT parameters. 

Conclusions
In this contribution, we have discussed preferred uplink LAA design choices based on our comprehensive evaluation results for various design options [1].  Based on the discussion, we make the following proposals. 

Proposal 1
When self-carrier UL scheduling is used: 
· Before sending the UL grant(s), the eNB should perform a regular LBT that is the same as the LBT to send PDSCH.
· The scheduled UE(s) should perform an LBT that is faster than a regular LBT performed by the eNB, where no LBT option is precluded for the scheduled UE LBT.
· If the eNB does not have DL data to fill up the subframe(s) until the scheduled UL transmission starts, the eNB does not send any reservation signal to continue occupying the medium. In other words, the eNB leave the subframes empty until the scheduled UL transmission starts, unless it needs to send other LAA channels or LAA signals such as DRS and/or CRS and/or CSI-RS depending on the detailed design. 
Proposal 2
If cross-carrier UL scheduling by the licensed carrier is used and the eNB does not perform LBT before sending the grant(s) via the licensed carrier, a regular LBT is performed by the scheduled UE(s) before sending the scheduled PUSCH(s). 
Proposal 3
To support UL LBT operation, first or last few OFDM/SC-FDMA symbols of the DL or UL subframe is punctured. 
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