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1 Introduction

[image: image1]In Rel-13, LAA uplink has been briefly discussed, and two options for LBT have been agreed as candidates. In RAN1 #84 meeting, details of these two types of LBT procedures have been agreed [1]:  

In this contribution, we provide further discussion on the condition and restriction on utilizing these two types of LBT, with focus on cross-carrier scheduling. The discussion on self-carrier scheduling can be found in a companion contribution [2].
2 Details of the Supported LBT Procedures
The details of remaining issues for these two types of supported LBT procedures are discussed in a companion contribution [2], and they are common for both self-carrier and cross-carrier scheduling. Key features of the supported LBT procedures are summarized as follow: 
· CAT-4 LBT

· Maximum contention window size is no larger than 6 (to fit the CAT-4 LBT into one OFDM symbol)
· Contention window size is common for all served UEs by the same eNB

· Contention window size adaptation is performed at the eNB 

· A common backoff counter is generated at the eNB and signaled to the scheduled UEs 

· No reservation signals (since they can block the CCA of other UEs performing different type of LBT)

· Enhanced CAT-2 LBT (a CCA of at least 25 µs before the uplink transmission burst)
· Starting instant and duration of enhanced CAT-2 LBT within the CCA gap are aligned for all UEs
· UE’s operation in the remaining duration in the CCA gap (other than performing CCA) is up to implementation 

The discussion on the position of gaps within a subframe, and how the eNB indicates the existence of gap and exact type of LBT to perform within the gap, is also included in the companion contribution [2]. 
3 Application of the Supported LBT Procedures
We discuss the condition and restriction of applying the supported LBT procedures based on the typical application scenarios in LAA uplink.

3.1 LBT at the beginning of UL MCOT
The application scenario of this category is performing LBT to initiate a pure uplink transmission burst (without downlink transmission subframes embedded. In this scenario, LBT is performed within the CCA gap (the truncated OFDM symbol within the first subframe of uplink burst). If the previous burst is for downlink transmission and the last subframe is a partial ending subframe, or the previous subframe before the uplink burst is entirely empty, the position to start LBT can also be advanced (e.g. to align the end instant of LBT with the start of the first subframe in uplink burst). For this type of application scenario, the main target of LBT is to guarantee the fairness of channel access opportunity comparing to the exiting RATs on the unlicensed spectrum (e.g. Wi-Fi), hence, the CAT-4 LBT is utilized for this purpose. 
Comparing to self-carrier scheduling, cross-carrier scheduling may not need another LBT on the unlicensed spectrum for uplink grant transmission (one of the key issues impacting the latency of uplink transmission for self-carrier scheduling). In this sense, the design of CAT-4 LBT for cross-carrier scheduling is generally believed to be more conservative than the one for self-carrier scheduling (e.g. the maximum contention window size of cross-carrier scheduling is larger than the one of self-carrier scheduling). However, if the issue of uplink grant LBT is properly taken care of (e.g. a very fast LBT), utilizing a common maximum contention window size of CAT-4 LBT for both cross-carrier scheduling and self-carrier scheduling is more desirable, due to its simplicity of implementation for UEs regardless of scheduling types. Further discussions and evaluations may still be needed to conclude this argument.  
Proposal 1: For cross-carrier scheduling, the CAT-4 LBT is utilized before the uplink MCOT. 
3.2 LBT within UL subframes inside UL or DL MCOT

One application scenario belonging to this category is performing LBT in the CCA gaps of successive uplink subframes within an uplink burst (except for the first subframe of the burst). One purpose of this type of LBT is to multiplex the transmission of other UEs utilizing different type of LBT (e.g. SRS) into the same subframe. Since the UE transmitting in the previous subframe has already performed a CAT-4 LBT at the beginning of the uplink MCOT (as discussed in Section 3.1), it surely wants to maintain the uplink transmission within MCOT, and spends as little effort as possible to hold the channel. For this purpose, a fast LBT is desirable here, and the enhanced CAT-2 LBT is adopted. Further details on the enhanced CAT-2 LBT could be found in our companion contribution [2].
Another application scenario belonging to this category is performing LBT in the CCA gaps between downlink and uplink transmission within a downlink burst, when uplink transmission is embedded into downlink. More precisely, after the eNB completes the downlink CAT-4 LBT, it may capture the channel for the a duration of downlink MCOT. Within this duration, if the uplink grant is available (transmitted from the licensed spectrum for cross-carrier scheduling), the eNB can switch to uplink transmission. A fast LBT is required within the CCA gap between downlink and uplink transmission, and the enhanced CAT-2 LBT is adopted. 
Proposal 2: For cross-carrier scheduling, the enhanced CAT-2 LBT is utilized within the gaps of uplink subframes inside the uplink or downlink MCOT. 
4 Performance Evaluations
4.1 Simulation Assumptions

Key assumptions and parameters for LAA LBT are listed as follows:
· Uplink

· CCA energy detection thresholds: -72 dBm

· CCA defer duration in CAT-4 LBT: 25 µs

· CCA slot duration in CAT-4 LBT: 9 µs

· Contention window size in CAT-4 LBT: {1,3}, {3, 6}, {7, 15}, {15, 31, 63}  

· Contention window size in CAT-4 LBT is maintained at the eNB 

· In CAT-4 LBT, a common backoff counter is generated by eNB and signalled to all scheduled UEs in uplink grant

· Contention window size in CAT-4 LBT is doubled if at least 80% of the HARQ ACK/NACK reports corresponding to the first subframe of the most recent burst are NACKs

· Scheduling: 

· cross-carrier scheduling

· multi-UE multiplexed in frequency domain

· multi-subframe scheduled by one uplink grant 

· MCOT: 4 ms

· No partial subframe supported

· Downlink

· CCA energy detection threshold: -72 dBm

· CCA defer duration: 43 µs

· CCA slot duration: 9 µs

· Contention window size: {15, 31, 63}

· Contention window size is doubled if at least 80% of the HARQ ACK/NACK reports corresponding to the first subframe of the most recent burst are NACKs

· MCOT: 4 ms

· Partial subframe supported for both transmission start and transmission end positions

· Joint downlink and uplink scheduling to evade downlink-uplink contention within a cell
4.2 Simulation Results

Four sets of contention window sizes of CAT-4 LBT at the beginning of each uplink burst are considered in this set of simulation:

· CWmin =1, CWmax = 3, allowed CW size is from {1, 3};

· CWmin =3, CWmax = 6, allowed CW size is from {3, 6} (we use 6 instead of 7 to guarantee fitting each CAT-4 LBT procedure into one OFDM symbol);

· CWmin =7, CWmax = 15, allowed CW size is from {7, 15} (LBT can exceed one OFDM symbol duration);
· CWmin =15, CWmax = 63, allowed CW size is from {15, 31, 63} (LBT can exceed one OFDM symbol duration).
UE throughputs (mean, 5% tile, 50% tile, and 95% tile) of downlink and uplink are evaluated for both Wi-Fi and LAA in high traffic load. It is observed that LAA uplink using CAT-4 LBT with different sets of contention window size can all guarantee fair coexistence with Wi-Fi on the unlicensed spectrum. When the contention window size increases, Wi-Fi performance can be improved, however, LAA uplink performance is degraded. Also, if the contention window size is too small for CAT-4 LBT, collisions may not be effectively evaded. Hence, a reasonable choice of contention window size in CAT-4 LBT to guarantee fair coexistence with Wi-Fi and to balance downlink and uplink in LAA is the set of {3,6}.
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Proposal 3: For cross-carrier scheduling, the CAT-4 LBT can choose the contention window size from the set {3, 6}. 

5 Conclusions
Based on the discussion above, we have the following proposals:
Proposal 1: For cross-carrier scheduling, the CAT-4 LBT is utilized before the uplink MCOT. 
Proposal 2: For cross-carrier scheduling, the enhanced CAT-2 LBT is utilized in the gaps of uplink subframes within the uplink or downlink MCOT. 
Proposal 3: For cross-carrier scheduling, the CAT-4 LBT can choose the contention window size from the set {3, 6}. 
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Agreements: 


Support UL LBT based on a Cat-4 channel access procedure.


Support UL LBT based on a CCA of at least 25 µs before the UL transmission burst.


FFS: Condition and restriction on when these options are used
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