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1 Introduction

For the uplink transmission in an unlicensed carrier, two types of LBT procedures have been agreed [1]. A principle to switch between the types of LBT is also agreed [2]. 
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
Agreement:
· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part
In this contribution, we provide our views on several remaining issues on MCOT sharing and LBT type indication/switching. 
2 MCOT sharing
According to the email discussion outcomes, MCOT obtained by eNB can be shared with uplink transmission if only the total transmission duration of DL and UL are less than MCOT, no matter the DL transmissions and UL transmissions are in the continuous subframe or not. That is, an LBT based on 25us CCA can be performed by UE in this case.  
One open issue is whether there could be multiple transitions between DL and UL within a MCOT, e.g. DL->UL->DL->UL. It was suggested during email discussion to allow the flexibility for eLAA operations. If such behaviour is allowed, it means eNB could perform a 25us LBT so as to get DL channel occupation again after a UL transmission if still within a MCOT of previous channel occupation by CAT4. For the co-existence with WiFi, sharing MCOT to a UE for uplink transmission or to the eNB itself for later DL transmissions does not make much difference, since it is a node intending to get the channel in both cases and a 25us LBT could avoid the collision. As to fairness point of view, there should be no problem since it is anyway within the MCOT obtained by early CAT4 LBT. Since we already agreed on MCOT sharing for uplink transmission, it sounds reasonable to allow such kind of behaviour too. However, as shown in Figure 1a, there is already DL behaviour defined in Rel-13. That is, whenever eNB stops a DL occupation, a new LBT should be done before it can access the channel again, even when total channel occupation of 2 DL burst are less than MCOT. The suggestion results in a new/duplicated behaviour introduced in eLAA. 
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Figure 1: multiple transitions between DL and UL
Proposal 1: No duplicated behavior is introduced for DL LBT. 
During the email discussion, another issue is regarding sharing an UL channel occupation to eNB. However, we see there could be several drawbacks by allowing such operation.
· An uplink transmission though scheduled by eNB may not happen due to UL LBT failure, and it is not reliable for eNB to detect whether a PUSCH is transmitted by UE. In this case, eNB is actually not sure if there is a valid channel occupation by UE. 

· It is also complicated to handle different DL priority class. Assuming eNB is not sure about the traffic type transmitted by UE, it is difficult for eNB to decide a proper priority class of DL traffic which can be transmitted if sharing a MCOT initiated by UE.
It is even more problematic if allowing a second UE to share the MCOT obtained by a first UE. Unless some new design introduced, a UE doesn’t know if there is a UE scheduled in a previous subframe and whether this UE succeeds the LBT. Reliability is also an issue, since even eNB may not sure about the channel occupation of a first UE.  Even if eNB knows the LBT result of first UE by correctly receiving the UL transmission from first UE, the 25us LBT for next UE could only be applicable 4ms, which may be already out of MCOT. 
However, sharing a MCOT obtained by a UE to the same UE in the following subframes with MCOT is error free. As shown in Figure 2. A UE get the channel access by CAT4 can just use 25US LBT in the following UL transmissions with a limit. It is also beneficial for control overhead, since the CAT4 related parameters, e.g. CW size or back off counter doesn’t need to be signalled per subframe. 
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Figure 2: MCOT sharing from UE perspective

Proposal 2: MCOT sharing of a MCOT accessed by a UE to eNB or other UEs is not supported.
One more issue is regarding operation of NO LBT. It is beneficial that NO LBT can be used for any UL transmission if beginning no later than 16 µs after the end of a DL transmission. The first way to implement NO LBT, as shown in Figure 3a, requires UE to detect the end of DL transmission, and then the UE can start UL transmission after e.g. 16us. However, when multiple UEs are scheduled in same subframe, there is timing difference when signals from such UEs arrive at eNB, which may destroy the orthogonality of LTE uplink signal if the time difference is large. Hence, Figure 3a is not preferred. Alternatively, a UE may not need to detect the end of DL transmission, i.e. the UE just transmit its uplink signal assuming a start OFDM symbol index per scheduling of eNB, and it is up to eNB to send some padding signal in downlink to occupy the channel until it is within 16us before UE’s transmission timing. Herein, since different UE is in different location in the cell coverage, as shown in Figure 3b, a UE quite near to eNB has approximately 16us gap between end of DL transmission and its start of UL transmission; while a far UE only has a smaller GP which requires a reduced time for UE for Rx-Tx switching. 
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Figure 3: GP for NO LBT operation
Proposal 3:
· If eNB indicates non LBT to a UE, the UE just transmits its uplink signal without LBT assuming a start OFDM symbol index scheduled by eNB, and it is up to eNB to send some padding signal in downlink to occupy the channel until it is within 16us before UE’s transmission timing.
3 LBT type indication/switching
According to the agreements so far, a UE can perform 25us LBT if the scheduled UL transmission is within a MCOT obtained by eNB, while a CAT4 LBT is required outside the MCOT. Due to the burst new traffic and scheduling delay, whether a UL subframe belongs to a MCOT obtained by eNB may change in time. An early scheduled UL transmission with CAT4 may belong to a later MCOT obtained by eNB, hence 25us LBT could be used per the current agreement on MCOT sharing [1]. On the other hand, as shown in Figure 4, an uplink may be scheduled with 25us LBT since there is no much DL traffic when UL grant is sent, however, if eNB decides to transmit more DL subframes due to new data arrival, the early scheduled UL transmission has to change from 25us LBT to CAT4. 
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Figure 4: Proper LBT scheme may change in time
The proper LBT scheme for a UL subframe is dependent on the start time of DL channel occupation, number of DL subframe transmitted and number of previous UL subframes scheduled. That is, it is related to eNB scheduling in cell level but not the UL subframes scheduled to a particular UE. Therefore, the LBT scheme used in UL transmissions can be indicated by a cell common or UE group common DCI. Either a new special RNTI can be allocated or the Rel-13 common PDCCH can be reused. To avoid frequent reconfiguration, common PDCCH for LBT scheme could be transmitted in the end of a DL burst. Straightforwardly, a UE should follow the most recent detected common PDCCH to switch LBT type for a UL subframe.  
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Figure 5: LBT scheme indication
As shown in Figure 5, 3 UL subframes are scheduled in cell level and the first two could use 25us LBT since they are within the 6ms MCOT, while the 3rd UL subframe has to use CAT4. The LBT type indication by common PDCCH is transmitted in last DL subframe. A bitmap, which starts from the next subframe after common PDCCH reception, could be considered for the indication, i.e. 1 bit per subframe to differentiate 25us LBT and CAT4. Denote the maximum identifiable subframes as N, the overhead for LBT type indication is N bits. Alternatively, a reference subframe relative to the subframe carrying the common PDCCH can be signalled. Then, the UL subframes until the reference subframe can use 25us LBT, while other UL subframes use CAT4. Ceil(log2(N)) bits is enough by this method. If NO LBT is also to be indicated, either 2 bits per subframe for the bitmap based scheme or 2 reference subframe indexes can be signalled. 
If such a common PDCCH for LBT type indication is not detected, a UE could either follow LBT type indicated in previous UL grant if LBT type is included, or default to CAT4 LBT. 
Proposal 4:
· A cell common or UE group common PDCCH is used to indicate/switch the LBT type for later UL subframes. 
· A reference subframe index is signaled in common PDCCH. All UL subframe no later than the reference subframe use CAT2, while others use CAT4. 
4 Conclusions
In this contribution, we discuss various remaining issues on MCOT sharing and discuss the LBT type indication/switching, four proposals are made:
Proposal 1:
· No duplicated behavior is introduced for DL LBT. 
Proposal 2: MCOT sharing of a MCOT accessed by a UE to eNB or other UEs is not supported.

Proposal 3:
· A UE just transmits its uplink signal assuming a start OFDM symbol index scheduled by eNB, and it is up to eNB to send some padding signal in downlink to occupy the channel until it is within 16us before UE’s transmission timing.
Proposal 4:
· A cell common or UE group common PDCCH is used to indicate the LBT type for later UL subframes. 
· A reference subframe index is signaled in common PDCCH. All UL subframe no later than the reference subframe use CAT2, while others use CAT4. 
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