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1 Introduction

The following agreements and working assumptions have been reached for LAA UL in Rel-13 [1]-[2],
Agreements: [#81]
· LAA supports UL LBT at the UE.

· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities

· Other considerations including multiplexing of multiple UEs in a single subframe

· Possibly other considerations
Working assumptions: [#82]
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered
· A CCA duration of 25 us before the transmission burst

· The sensing duration can be less than the CCA 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 of X={3, 4, 5, 6, 7}, respectively
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE

· 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: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts
In this contribution, we discussed the design of UL channel access schemes for Rel-14 eLAA PUSCH transmission.
2 Discussion
2.1 Design principles of LAA UL LBT
It has been agreed during the Rel-13 study item phase that support of multi-user multiplexing in one UL subframe on the unlicensed Scell by SDM or FDM multiplexing shall be supported in LAA. In order to support such multiplexing, aligning the data transmission staring point is necessary for all UEs scheduled in one UL subframe on each LAA carrier. Aligning the data transmission staring point at each subframe boundary is the simplest approach. On the other hand, if data transmission staring timing is not aligned with subframe boundary, a partial subframe will be introduced for UL transmission, which will complicate the eNB scheduler as the UL scheduling is done 4ms before the UL transmission such that eNB cannot predict in advance, the number of available SC-FDMA symbols in the scheduled subframe. Therefore, for LAA UL transmission, PUSCH shall be transmitted aligned with subframe boundary.
Proposal 1: For LAA UL transmission, PUSCH shall be transmitted aligned with subframe boundary.
2.2 UL LBT categories
For LAA, UL transmission subject to LBT is not only necessary to meet the regulatory requirement of some regions such as Europe, but also beneficial to coexistence with WIFI for the reason of decreasing collision caused by hidden nodes. However, in LAA UL, only the scheduled UEs will contend the channel, which substantially reduce the number of contending nodes and degrade LAA UL performance, especially in case of LAA and WIFI coexistence scenario. Thus, unfair channel access opportunity with WIFI should be avoided in LAA UL LBT design.
The LAA UEs, if scheduled to transmit PUSCH on the LAA Scell, shall perform LBT with one of the LBT categories discussed below. However, if the LBT cannot succeed until the scheduled UL subframe boundary, the UE could either discard the PUSCH transmission or continues LBT procedure until the next UL subframe boundary. For the latter case, the UE transmission deferred from subframe n to n+1 may collided with the another UE that is already scheduled in subframe n+1 with the same resource. eNB is also required to perform PUSCH blind detection since it cannot track the LBT procedure at the UE side. Therefore the former case is preferred. 
Proposal 2: For LAA UL transmission, the scheduled PUSCH on subframe n shall be discarded by the UE if the corresponding LBT procedure cannot succeed before the subframe boundary of n.
LBT category 1, category 2, and category 4 are included in working assumptions during the SI phase, as described in [2] for self-carrier and cross-carrier scheduling. In the following, we discuss the details of each LBT category that may be used for LAA UL. 
· LBT category 1
WIFI 802.11ac has recently approved that “an UL MU PPDU (MU-MIMO or OFDMA) is sent as an immediate response (IFS TBD) to a trigger frame (format TBD) sent by the AP [4]”. In this scheme, the UL transmission can be done without LBT. To improve multi-user multiplexing level, following the same principles as the above, an UL transmission immediately after a DL transmission without LBT can also be supported for LAA at least in no presence of WIFI case. As proposed in [5], eNB indicates to the UE not to perform LBT before transmission when the UL transmission burst occur within X microseconds after the DL transmission burst from that eNB on the same carrier. 

In WIFI system, 16us SIFS is used to separate a response frame from the frame that triggers the response, which is the smallest value of defer defined in WIFI. However, as it is shorter than the DL-UL switching time currently defined in 3GPP RAN4, the SIFS cannot be used for the X value in LAA, otherwise there will be no use case for the above LBT free UL channel access. One possibility is to define a more stringent the DL-UL switching time for LAA eNBs, but this will require more studies in RAN4 considering the implementation and cost issues. In WIFI, the next defer period value PIFS (25us), is used for AP to gain access to the medium to send a beacon and start a contention free period immediately after the beacon frame. Since it is larger than 20us, PIFS can be used as the candidate X value which avoids the collision with WIFI beacon transmission and contention free period. Furthermore, if X is comparable to PIFS, the collision with WIFI ACK frame (with 16us SIFS defer) can also be avoided, since no WIFI DL data subject to 34us DIFS defer period can be started within the 25us PIFS defer period. Therefore, X comparable to WIFI PIFS can be used for the LBT free UL channel access in LAA without impact on WIFI performance. 
Proposal 3: If LBT category 1 is to be adopted for LAA UL, the UE can be indicated by the eNB to not perform LBT before UL transmission when the UL transmission burst occur within X microseconds after the DL transmission burst from that eNB on the same carrier. The X should be as comparable to PIFS in WIFI, i.e. 25us.
· LBT category 2

For LAA UL transmission with LBT category 2, i.e. a single CCA before the transmission burst, multiple UEs scheduled in the same UL subframe by one LAA eNB can adopt the common CCA opportunities, such that UL multi-user multiplexing can be easily achieved. Furthermore, if the position of CCA is located before subframe boundary, alignment of the data transmission staring position to the UL subframe boundary can also be achieved. Therefore, design principles of LAA UL can be reached with less efforts if LBT category 2 is adopted. Note that using of LBT category 2 before the UL transmission can also improve the channel access capability of LAA UL to achieve a fair contention between LAA and WIFI in UL.
Figure 1 shows the idea of an LBT category 2 scheme for LAA UL, where scheduled UEs can perform CCA immediately before the scheduled UL subframe boundary in order to contend for the channel. The data transmission duration after successful UL channel access can be dependent on the MCOT defined in the regulation. 
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Figure 1: LBT category 2 for LAA UL
Proposal 4: UE LBT before UL data transmission using Category 2 LBT should be supported.
· LBT category 4
Considering the unfair channel access opportunity of LAA compared to WIFI discussed as before, smaller contention window size compared to DL category 4 LBT should be considered for both self-carrier scheduling and cross carrier scheduling, if category 4 LBT is to be defined for LAA UL. Considering that one SC-FDMA symbol duration is about 71us which is slightly larger than LBT overhead for CWS=3 with best effort traffic introduced by [6] (16+3*9+3*9=70us), it is proposed that UL LAA should support only CWS=3 such that the overhead paid for LBT behavior is limited within one symbol at least for self-carrier scheduling scenario. From the specification and implementation complexity perspective, it is highly beneficial that the LBT window fits within one symbol before the UL subframe since the last OFDM symbol in the preceding UL subframe can be configured as SRS symbol (but no actual SRS transmission) to avoid the inter-user blocking in the consecutive subframes. Note that the above assumes the UL traffic with LBT priority class 3 (i.e. best effort) is transmitted over the unlicensed carrier. The LBT parameters for other LBT priority classes, if supported in LAA UL, should be discussed further. 
Proposal 5: If LBT cat.4 is to be supported for LAA UL, only the minimum CWS=3 should be used at least for self-carrier scheduling scenario.
In category 4 UL LBT, to support multiplexing of multiple UEs in one subframe, the common backoff counter should be generated by the scheduled UEs and self-defer can be applied additionally to align the UL transmission with the subframe boundary. In this case, the CW window size is maintained at the eNB side and the backoff counter can also be generated at the eNB and then signaled to UE, such that efficiency UE multiplexing in a same subframe can be achieved. 
 Proposal 6: If the LBT category 4 is to be supported for LAA UL, the following should be considered

· The CW window size is maintained by the eNB

· The backoff counter is generated by the eNB and signaled to the UE 
2.3 Support of TDM in UL transmission
For LAA UL transmission, in addition to the FDM, TDM multiplexing of different UEs in adjacent subframes can also be considered. However, as shown in figure 2, the FDM type of scheduling is more beneficial in terms of less LBT overhead thus can be utilized as long as it is possible. 
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Figure 2: Illustration of UL FDM (left) and UL TDM (right)
It should also be noted that multi-user TDM in multiple UL subframes is not avoidable in reality, considering the amount of UL traffics for each UEs can be different. In order to allow UE access for UL transmission the channel within the TXOP, some UL resources (e.g. the last SC-FDM symbol) in the preceding subframe should be reserved to provide CCA opportunities. As one example, UE can be indicated by the UL grant to reserve such kind of resource in the scheduled UL subframe when transmitting PUSCH. 
Proposal 7: Methods to support FDM and TDM UE multiplexing should be considered. 
3 Conclusion
In this contribution, we discuss UL LBT for LAA. The above discussion is summarized with following observations and proposals:
Proposal 1: For LAA UL transmission, PUSCH shall be transmitted aligned with subframe boundary.
Proposal 2: For LAA UL transmission, the scheduled PUSCH on subframe n shall be discarded by the UE if the corresponding LBT procedure cannot succeed before the subframe boundary of n.
Proposal 3: If LBT category 1 is to be adopted for LAA UL, the UE can be indicated by the eNB to not perform LBT before UL transmission when the UL transmission burst occur within X microseconds after the DL transmission burst from that eNB on the same carrier. The X should be as comparable to PIFS in WIFI, i.e. 25us.
Proposal 4: UE LBT before UL data transmission using Category 2 LBT should be supported.
Proposal 5: If LBT cat.4 is to be supported for LAA UL, only the minimum CWS=3 should be used at least for self-carrier scheduling scenario.
Proposal 6: If the LBT category 4 is to be supported for LAA UL, the following should be considered

· The CW window size is maintained by the eNB

· The backoff counter is generated by the eNB and signaled to the UE 
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