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1. Introduction

At the RAN#70 meeting, the new WI proposal on “enhanced LAA for LTE” (eLAA) was approved [1]. This WI targets to specify support for UL carrier aggregation for LAA SCell(s) using Frame Structure type 3. In the WID of eLAA, it is described that the channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point. In particular, following agreements regarding UL channel access should be referred.

Agreement:
· 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

Agreement:
· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.

· FFS: Whether and under what conditions the following option may be used.

· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

Agreement:
· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported

· A CCA duration of at least 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, 

· FFS: The random backoff counter is generated at the eNB and is signalled to the UE

· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL
· FFS: Energy detection threshold used for UL LBT
In this contribution, we discuss the channel access framework for eLAA UL.
2. UL channel access mechanism
2.1. Analysis on possible options
Based on above agreements made during Rel-13 LAA, we further discuss each channel access option for eLAA UL.
· LBT without random back-off (Cat. 2 LBT with CCA duration of at least 25 us)
· Basically this option can achieve faster channel access than Cat.4 LBT due to a fixed CCA duration of e.g., 25 us before the transmission burst. However, the UL LAA transmission with such short CCA duration would be always prioritized than others including DL LAA and Wi-Fi transmissions applying defer period longer than 25 us, and thus it would not be a good direction. For example, single UE having very large UL traffic may keep the channel and may continuously block other systems/nodes until transmission ends if there is no other traffic in a serving cell and no limitation on UL scheduling. It may happen in case of cross-carrier scheduling since there is no limitation on UL scheduling. However, for self-scheduling, the UL scheduling is subject to eNB LBT so that the channel access probability could be reduced. Therefore, different parameters need to be considered for self-scheduling and cross-carrier scheduling, and at least this option is not appropriate for cross-carrier scheduling case.
· UL multi-user multiplexing can be easily achieved with FBE-like LBT, i.e., fixed CCA position/duration. As shown in Figure 2-1, UE performs LBT just before each UL subframe transmission in such option. Each transmission is less than 1ms and the fixed CCA duration can be in the end of a subframe as shown in the figure to help next transmission starting from next subframe boundary. However, if fixed CCA position such as end of a subframe is assumed, there would be a problem as shown in Figure 2-2. Due to the limited CCA position, there would be a certain timing gap between the time channel becomes idle and the time CCA for UL channel access starts. This timing gap gives transmission opportunity to other LAA DL nodes and Wi-Fi nodes while LAA UL transmission opportunity may disappear. Therefore, we think FBE-like LBT for UL is not appropriate especially in case of congested environment.
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Figure 2-1: FBE-like LBT for each UL subframe transmission
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Figure 2-2: Problem of FBE-like LBT for LAA UL transmission
· LBT with random back-off (Cat. 4 LBT with a defer period of 25 us and a certain contention window size)
· This mechanism can achieve reasonably fair channel contention with Wi-Fi and other LAA DL if the same or similar length of defer period is applied to UL LBT. In addition, faster channel access for UL e.g., shorter contention window size than DL can improve the coexistence performance [2]. In order to avoid the issue shown in Figure 2-2, it should be allowed to start CCA early e.g., from the pre-configured timing such as boundary of subframe n+3 when UL grant is received on the subframe n. In such case, UL transmission may start at the middle of subframe n+3 as shown in Figure 2-3. Then, there would be two alternative approaches for UL transmission: one is transmitting UL initial signal for channel reservation until the boundary of scheduled subframe and another is transmitting UL data/control on floating TTI starting from the middle of subframe n+3.
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Figure 2-3: Cat. 4 LBT for LAA UL transmission
· For Cat. 4 UL LBT, methods for contention window size (CWS) adaptation should also be considered just like DL LBT. The CWS for UL can be adjusted either per eNB or per UE. If eNB adjusts the CWS per eNB and signals the same random back-off counter to UEs, the UL multiplexing may be relatively easier to be achieved. PUSCH demodulation results (ACK/NACK) or SRS measurement results or eNB sensing results at eNB can be used for CWS adjustment. It is also possible to adjust the CWS per UE based on ACK/NACK or UE sensing results like RSSI. However, if each UE has different CWS, the UL multiplexing may be difficult to be achieved due to different random back-off counter values among UEs.
· To achieve UL multi-user multiplexing in Cat.4 UL LBT, some methods should be considered. One way to achieve it is to align CCA start timing and random back-off counter among scheduled UEs. The random back-off counter alignment can be achieved by either explicit or implicit mechanism. Considering the case where only the part of UEs cannot transmit due to LBT busy, such explicit/implicit mechanism for random back-off counter alignment should be performed for every UL LBT. Another possible way is to predefine fixed transmission start timing for all the scheduled UEs. If UE finishes Cat. 4 LBT earlier than the transmission start timing, UE may perform self-deferral until the predefined transmission start timing or may transmit reservation signal which is removable/transparent in UL LBT until the predefined transmission start timing.
· No LBT at UE

· As proposed in [3], UL channel access without LBT at UE was discussed during Rel-13 LAA. Assuming that this UL transmission is controlled by eNB which has the channel access rights based on LBT and the UL transmission falls within the maximum channel occupancy time of eNB, it can basically meet a fair coexistence manner. Actually, some Wi-Fi transmissions, e.g., ACK and PCF operation, apply this type of mechanism. Thus, it may be reasonable to support UL transmission without LBT at UE when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts and UL transmission falls within the maximum channel occupancy time of eNB based on DL LBT.
· However, due to the potential hidden node problem, LAA UL transmission without LBT at UE may cause mutual interference with other nodes, especially Wi-Fi nodes in some deployment scenario. Therefore, further investigation may be necessary for this mechanism and possible required condition. 
2.2. Proposed channel access framework for eLAA UL
According to the analysis in previous section, we provide our views on channel access framework for eLAA UL.

Although evaluation results in [4] show that channel access categories 1 through 4 for UL can basically achieve fair coexistence with Wi-Fi, it would depend on deployment scenario including congestion situation and some implementation aspects such as handling of DL/UL scheduling. On the other hand, both reasonably fair channel access with Wi-Fi/LAA DL and faster UL channel access for better performance should be considered as target design principles of UL channel access. We think Cat. 4 LBT with shorter CWS would be a reasonable candidate for eLAA UL channel access. Different parameters can be considered for self-scheduling and cross-carrier scheduling. Early start of UL CCA from pre-defined/configured timing and reservation signal transmission until the start of UL data/control/reference signal should be allowed as well as DL channel access. For Cat.4 UL LBT, methods for CWS adaptation and UL multi-user multiplexing should be discussed further. CWS adjustment at eNB based on ACK/NACK and signaling of common random back-off counter value to UEs would be promising mechanisms in terms of simplicity and commonality with DL channel access.
Proposal 1: Cat. 4 LBT mechanism with shorter CWS would be appropriate for baseline channel access in eLAA UL in terms of fair channel access with Wi-Fi/LAA DL and efficient channel access for eLAA UL.
· Parameters can be different for self-scheduling and cross-carrier scheduling.
· Early start of UL CCA from pre-defined/configured timing and reservation signal transmission until the start of UL data/control/reference signal should be allowed as well as DL channel access.
· For Cat.4 UL LBT, CWS adjustment and random back-off counter generation can be performed by eNB. 
3. Conclusion 

In this contribution, we have discussed on channel access framework for eLAA UL. We made the following proposal. 

Proposal 1: Cat. 4 LBT mechanism with shorter CWS would be appropriate for baseline channel access in eLAA UL in terms of fair channel access with Wi-Fi/LAA DL and efficient channel access for eLAA UL.
· Parameters can be different for self-scheduling and cross-carrier scheduling.
· Early start of UL CCA from pre-defined/configured timing and reservation signal transmission until the start of UL data/control/reference signal should be allowed as well as DL channel access.
· For Cat.4 UL LBT, CWS adjustment and random back-off counter generation can be performed by eNB. 
References
[1] 3GPP, RP-152272, Ericsson, Huawei, “New Work Item on enhanced LAA for LTE,” Dec. 2015.
[2] 3GPP, R1-153128, Ericsson, “Coexistence Evaluation Results for DL+UL LAA with Cat 3 UL LBT,” May 2015.
[3] 3GPP, R1-153537, Ericsson, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, “WF on contention for LAA UL transmission,” May 2015.
[4] 3GPP TR 36.889 v13.0.0 (2015-06), “Study on Licensed-Assisted Access to Unlicensed Spectrum; (Release 13),” July 2015.
- 5/5 -

