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1 Introduction

In RAN 70 meeting, the work item on enhanced LAA has been approved [1]. Channel access mechanism is one of the important issues to be studied for UL LAA using Frame Structure type 3. During Rel-13 WI, RAN1 had achieved some agreement of UL LBT. Two UL LBT candidate procedures should be considered, the details are FFS. 
· 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
· 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 first candidate procedure “A CCA duration of at least 25 us before the transmission burst”. The second candidate procedure (Cat 4 LBT) is discussed in our companion contribution [2].
2 Discussion  
There’re two candidate procedures for UL LBT, one requires single CCA slot to be idled, and the other is Cat 4 based LBT. For the first candidate procedure, there would be different understanding. Some companies propose that the CCA could begin at one OFDM symbol before the UL subframe boundary, and once there is one sensing interval (e.g., at least 25us) in this OFDM symbol in which UE detects the power lower than a predefined energy detection threshold, UE could occupy the channel. If UE occupies the channel in the middle of the symbol, the reservation signal could be transmitted to hold the channel until subframe boundary. It is most like a Cat 4 LBT with zero CW (contention window). It is the most aggressive candidate procedure. The fair co-existence with WiFi may be problematic especially in the case of cross-carrier scheduling where UL grant is transmitted in licensed cells. And also the reservation signal transmitted by LAA UE passing CCA earlier can cause interference to other LAA UEs. Thus, the multi-user multiplexing in one subframe is not well supported. The other understanding of first candidate procedure is the CCA begins one sensing interval before the UL subframe boundary. Then, all LAA UEs succeed in CCA detection could transmit UL signals at the same time. No reservation signal is needed. It is more like a Cat 2 LBT. For simplicity, we refer to this candidate procedure as (enhanced) Cat 2 LBT. In the following, we mainly discuss Cat 2 LBT. 

The advantage of Cat 2 LBT is minimal specification change to support eNB scheduled UL transmission and simple CCA procedure by UE. Moreover, it enables easy support for UL multiplexing of multiple UEs in one subframe by FDMA and MU-MIMO.  But due to a smaller number of channel access opportunities that are limited by fixed CCA location, it is less competitive than Cat 4 LBT [3]. On the other hand, it is more friendly to WiFi than Cat 4 LBT with very small CW (such as a maximum contention window size X =3). The main problem for Cat 4 LBT is the reservation signal can cause channel congestion which prevents the multi-user multiplexing in one subframe. Although some methods are studied to alleviate the inter-user blocking, e.g. by coordinating the random back-off or restricting the eCCA slots in the last OFDM symbol, it seems either complicated or reduces the channel access opportunity.  
Meanwhile, we note that UL channel access opportunity by Cat 2 LBT is lower than Wi-Fi because only scheduled UEs can perform LBT to occupy channel for PUSCH transmission. Therefore, Cat 2 based LBT for LAA UL transmission should be designed to increase channel access opportunity of LAA by using more flexible scheduling and faster LBT mechanism, while keeping coexistence performance of LAA and Wi-Fi.
Observation 1: Cat 2 LBT procedure requires minimum standard effort and low complexity, as well as easily supports UL multiplexing of multiple UEs in one subframe by FDMA and MU-MIMO. 

Observation 2: Cat 2 LBT procedure is less aggressive than Cat 4 LBT, which is more friendly to WiFi nodes but suffers a slight performance degradation of LAA UEs. 
2.1 Basic Cat 2 LBT design for UL
For Cat 2 LBT, LAA UEs sense the channel on the pre-defined CCA resources. The CCA resource in time domain is one CCA slot. LAA UE may transmit UL burst immediately after sensing the channel within CCA resource, if the power detected by the UE during this one CCA slot is less than the threshold. Location of single CCA slot is fixed in front of the UL transmission burst, e.g., 25us before the UL transmission burst.  In the CCA slot, either eNB or UE is not allowed to transmit any signal. The CCA slot could be either in the beginning of the UL subframe or before the boundary of UL subframe. Locating CCA slot in the beginning of the UL subframe may require a new PUSCH mapping pattern of 12 OFDM symbols in addition to existing 13/14 OFDM symbols, if SRS is transmitted in the same subframe. On the other hand, locating CCA slot in the end of the subframe needs to consider the interference from on-going SRS transmission in the last symbol of the subframe. Furthermore, in the case that UL transmission burst begins with SRS, the CCA slot should be ahead of the SRS symbol. In the CCA slot, UE could perform energy detection only one frequency resources which are allocated for PUSCH transmission instead of measure over the whole bandwidth. The benefit is the interference from other LAA UEs or non-LAA nodes on frequency resources not to be used by UE could be exempted during the CCA detection. Once the UE passes the CCA, the UEs shall start PUSCH transmission. The UEs fail the CCA shall drop the PUSCH transmission or try another CCA within multi-subframes [4]. 
2.2 Approaches to increase transmission opportunity
As is discussed above, enhancements of Cat 2 LBT to increase the transmission opportunities should be considered. There are three approaches,

· Approach 1: UL transmission with additional CCA slots in the middle of UL transmission burst, in which UE can differentiate RAT type.
Additional CCA slots, which are not completely blank in the middle of UL transmission burst, could be considered to increase the channel access opportunity as well as to support flexible scheduling while, avoid dropping PUSCH in the middle of consecutive scheduled subframes. For UEs already starting transmission could reserve some of the REs in frequency domain (e.g. reserved SRS comb REs) or transmit pre-defined sequence (e.g. SRS) in these CCA slots. In that way, the transmission is continuous in time domain to avoid other nodes grasping the channel in the middle of transmission. At the same time, other UEs in the same cell scheduled to transmit in a later subframe or UEs failed CCA at the beginning of UL transmission burst could perform sequence detection or enhanced energy detection on these reserved REs to differentiate whether the channel is occupied only by LAA UEs or by other non-LAA nodes, such as Wi-Fi. If interference from non-LAA signals is below the CCA threshold, LAA UEs could access the channel. 

To differentiate the CCA slots prior to the UL transmission burst and in the middle of UL transmission burst, we define 1st type CCA and 2nd type CCA slots respectively. Let’s assume the UL transmission burst with 4 ms TXOP from eNB perspective. The CCA slot prior to the UL transmission burst is 1st type CCA slot, where no signal from the serving cell and UEs in the same cell is allowed to transmit. The CCA slot for each UL subframes other than the first subframe in UL transmission burst is 2nd type CCA slot, where some resources are reserved or pre-defined sequence is transmitted, e.g. every other subcarrier in last OFDM symbol in each UL subframe is muted. Figure 1 provides an example. 

· UE 1 is scheduled to transmit PUSCH for 4 consecutive subframes from the first subframe of UL burst. UE 1 performs CCA in 1st type CCA slot right before #5 UL subframe. If the channel is idle, UE 1 starts UL transmission in #5 UL subframe and continuous transmission for the remaining UL subframes without any CCA. UE1 should reserve the resource for 2nd type CCA slots in the end of  #5, #6 and #7 UL subframe. 

· UE 2 is scheduled to transmit PUSCH for 3 consecutive subframes from the first subframe of UL burst. UE 2 performs CCA in 1st type CCA slot right before #5 UL subframe. Unfortunately, the channel is occupied. UE 2 drops the PUSCH transmission in #5 UL subframe. UE 2 performs energy detection on the reserved subcarriers in 2nd type CCA slot before #6 UL subframe.  If the detected energy level is below the CCA threshold on these subcarriers, UE 2 could start PUSCH transmission in #6 UL subframe and continue the transmission in #7 UL subframe. Still, UE 2 should reserve the resource for 2nd type CCA slot in the end of #6 and #7 UL subframe.

· eNB shall try to decode PUSCH in subframe 5~8. eNB assumes that no UL signal from UE1 or UE2 is transmit on the reserved frequency resource in 2nd type CCA slot.  
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· Figure 1 Examples of 1st and 2nd type CCA slots

· Approach 2: UL transmission with more flexible CCA threshold.

The CCA threshold could be determined by a semi-statically configured value instead of the power class of the UE, e.g. the maximum transmission power of UE (PCMAX,c) or configured upper bound of  transmission power (PEMAX, c). As a further step, the CCA threshold could be dynamically determined by the current transmission power of the UE. The transmission power is controlled by eNB. If the detected energy level at UE side is larger than the CCA threshold, UE has to drop the UL transmission. Obviously, there is some flexibility for LAA to increase the UL transmission opportunity at the cost of lower UL transmission power. It would be beneficial if eNB could properly control the UL power. .
· Approach 3: UL transmission with more flexible UL transmission power.
UE could adjust its UL transmission power to effectively increase the CCA threshold. Consequently, the UL transmission opportunity could be increased with lower UL transmission power. The difference between alternative 2 and 3 is UE has some autonomy for the control of UL power. Such autonomous UL transmission behaviour is still aligned with basic network-centric rule for LTE, because UE behaviour is somehow under eNB’s control. That is, eNB could configure a power range in which UE choose a proper value for UL transmission to pass the CCA. UE has to drop the UL transmission only if the UL transmission power derived from the detected energy level of CCA is less than the lower bound configured by eNB.  

Observation 3: UL transmission opportunity could be increased by supporting CCA procedure at UE that can differentiate RAT type or by supporting more flexible CCA threshold.

2.3 Approaches to alleviate potential blocking between asynchronous inter-operator LAAs 
 Thanks to the aligned starting point of UL transmission by Cat 2 LBT, there is no blocking between LAA UEs in the same cell or in synchronized LAA cells. But in the inter-operator deployment scenario, the synchronization between LAA cells could not be ensured. Thus, Cat 2 LBT may suffer persistent blocking between UL transmissions from asynchronous neighbouring LAA cells. The following two methods could be considered to alleviate such blocking. 

· Approach 1: Randomization of UL transmission starting point by TA adjustment.
When UE performs one slot CCA check, the CCA check starting point is determined with the reference of UL timing of uplink subframe. The start of uplink subframe is determined by the timing advance (TA) indicated by the eNB. Usually, by using TA to advance/delay UL transmission timing to the eNB, propagation delay is compensated and thus the transmissions from different UEs are time aligned with the receiver window of the eNB. Now, TA is not only to align the UL timing of UEs in the same cell but also to stagger the UL transmission starting point of UEs served by different cells. That is, same offset could be included in TA for intra-cell UEs while different offset for inter-cell UEs. The offset could be transparently supported by existing TA command without any standard effort. Considering the typical cell range of LAA cell is less than hundred meters, the maximum propagation delay would only consume a few index value of TA command, which leaves some room to adjust the UL transmission starting point among cells. The details of how to determine the proper TA could be implementation issue of eNB. 
· Approach 2: Randomization of UL transmission starting point by time varying cell-specific offset.
Though TA command discussed in alternative 1 could be transmitted on a per need basis, it may incur frequent control signalling transmission. To avoid additional overhead, the cell-specific offset could be defined as a function, of which the two variables are frame/subframe index and operator ID.  The cell-specific offset is added on the UL timing for UL subframes. The granularity and the dynamic range of the offset could be further studied taking the typical timing difference among operators in real deployment into account.
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Figure 2 Examples of varied UL transmission starting point for asynchronous cells
Observation 4: Cell-specific variable starting point of UL transmission could be introduced to alleviate inter-user blocking between asynchronous cells. 

3 Conclusions
Based on the discussion above, we have the following observations:

Observation 1: Cat 2 LBT procedure requires minimum standard effort and low complexity, as well as easily supports UL multiplexing of multiple UEs in one subframe by FDMA and MU-MIMO. 

Observation 2: Cat 2 LBT procedure is less aggressive than Cat 4 LBT, which is more friendly to WiFi nodes but suffers a slight performance degradation of LAA UEs. 

Observation 3: UL transmission opportunity could be increased by supporting CCA procedure at UE that can differentiate RAT type or by supporting more flexible CCA threshold.

Observation 4: Cell-specific variable starting point of UL transmission could be introduced to alleviate inter-user blocking between asynchronous cells. 
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