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1. Introduction
One of the important issues for LAA UL is the UL LBT design. In [1], the following were agreed:
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

From RAN1 #84, the following were agreed:

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

In this contribution, we provide our views on uplink channel access.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]
2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Overview on DL and UL transmission design 
In the following, we summarize our understanding on the latest ETSI BRAN draft [2].
Definition of channel occupancy time
Just as for downlink, it is expected a maximum channel occupancy time (MCOT) including DL transmission(s) from one eNB and UL transmission(s) to the same eNB will be introduced in Rel-14.

 In [2], "Channel Occupancy Time" is defined: "A Channel Occupancy Time (COT) consists of one or more transmissions of an Initiating Device and zero or more transmissions of one or more Responding Devices."  With this definition, COT can be established for several cases:
· For DL only, eNB is the initiating device, A COT can cover DL transmissions over multiple subframes;
· For UL only, a UE is the initiating device, A COT can cover UL transmissions from the same UE over multiple subframes;
· For a DL/UL transmission starting with a DL transmission, eNB is the initiate device, and UEs are the responding device. A COT can cover DL/UL transmissions over multiple subframes;
· It seems also possible that for a DL/UL transmission starting with an UL transmission, a UE is the initiating device, and an eNB is the responding device . A COT can cover DL/UL transmissions over multiple subframes.

Duration of COT

In [2], separately for supervising devices (eNBs) and supervised devices (UEs), MCOT is defined   for different priority classes. 

Channel access behavior within MCOT
In [2], with the MCOT,  "the Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 µs after the last transmission by the Initiating Device that issued the grant". "The Responding Device that fails to proceed with such transmissions within 16 usec after the last transmission from the Initiating Device that issued the grant, shall perform a Clear Channel Assessment (CCA) on the Operating Channel for the duration 25 us."  


A TxOP which can span over the MCOT is acquired after a Category 4 LBT by a node. The node performing the Category 4 LBT can be either an eNB as in LAA DL or a UE as considered here. A sequence of transmission including DL and/or UL can follow the transmission on the first subframe. In another word, the transmission sequence within the MCOT can be initiated by either a DL transmission or an UL transmission. 

Within a TxOP, splitting resources between DL and UL is at eNB's discretion, and eNB has the choice to use all the resources for DL once it holds a channel. If eNB chooses to use some of them for uplink transmission or downlink, it should be allowed to do so.   

After the first subframe in a transmission sequence, LBT for another transmission should be fast compared to downlink Category 4 LBT and we can consider two cases:
1) The transmission on the first subframe of the transmission sequence is for DL, then a fast UL LBT such as one shot CCA can be used in the switch from DL transmission to uplink transmission. If there is another DL transmission coming after the uplink transmission, a fast DL LBT such as one shot CCA for the DL transmission can be used. One example is given in Figure 1.
2) The transmission on the first subframe of the transmission sequence is for UL, then a fast DL LBT such as one shot CCA can be used in the switch from UL transmission to DL transmission. If there is another uplink coming after the DL transmission, a fast UL LBT such as one shot CCA for the uplink transmission can be used.  One example is given in Figure 2.


From Figure 2, eNB can give multiple UEs uplink grants at subframe n, and each of them conducts a Category 4 LBT to hold the channel. If too many UEs are assigned to do so, the uplink channel access at subframe n can be rather aggressive. There may be a room to limit the number of UEs conducting Category 4 LBT simultaneously, so only a few UEs contending for uplink channel access. Also the buffer status of those UEs can be taken into consideration in determining the maximum transmission duration in the case of the first subframe being for uplink transmisison. Note in ETSI BRAN discussions, the MCOT for a supervised device can be different from the MCOT for a supervising device at the same channel access engine [2].


We have
Proposal 1: a TxOP can be initiated by either a DL transmission or an UL transmission.
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Figure1  Transmission sequence starting with an DL transmission
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Figure 2 Transmission sequence starting with an UL transmission



3. Uplink LBT


First as we need to differentiate a short LBT which is performed on a already held channel over a subframe within a COT, and a Category 4 LBT which is performed to gain a channel autonomously by UE as noted above. 

Also under some condition, a Category 4 LBT can be converted into a short LBT as shown below in Figure 3.
When a UE is scheduled in subframe n+m+1 to transmit in subframe n+q+2, as subframe n+q+2 cannot be covered by the MCOT starting from subframe n,  the UE is expected to perform a Category 4 LBT before subframe n+q+2. Now as eNB is successful in holding the channel from subframe n+q+1, performing the Cagetory 4 LBT becomes un-necessary, the UE just performs an one shot  UL LBT before subframe n+q+2. In another word, a Category 4 LBT is converted into a fast LBT. Note the conversion needs to be facilitated through a downlink signaling  or detection on the UE side on the CRS signal in subframe n+q+1; the downlink signaling can be sent from the same carrier or a different carrier as for the scheduled uplink transmission. 
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Figure 3 Conversion of LBT 


Now we need to discuss when a UE can start CCA for a Category 4 LBT. As shown in Figure 4, as eNB has the intention to hold the channel until Subframe n+m+1, the start time for LBT should be after the end of a transmission sequence.  From this there is a need to enhance the common PDCCH introduced in Rel-13:  the remaining duration of the transmission sequence is indicated in the common PDCCH. From that, a UE scheduled for uplink transmission knows when the current transmission sequence ends and when to start CCAs. We have

Proposal 2: eNB signals the remaining duration in a TxOP.
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Figure 4 Start time for LBT
 

Note the LBT parameters for a Category 4 LBT can be derived from the uplink grant sent in subframe n+m.

The eNB can indicate the LBT parameter(s) such as the contention window size or backoff counter value to a UE. 
The  indication can be given through several ways:
a. the LBT parameter is signaled as part of the dedicated uplink grant message, e.g. through adding a new field in DCI formats 0 and 4; introducing a field for the LBT parameter in a new DCI format for LAA uplink grant;
b. the LBT parameter can be signaled in a common message, e.g. by adding a new field in the common PDCCH format introduced in Rel-13 LAA. Recall from Rel-13 LAA, only 4 bits are used to indicate the subframe structure of the current subframe/next subframe, there are reserved bits which can be converted to carry the LBT parameter;
c. In our companion paper [3], we provide further considerations on COT, LBT parameters and priority classes. The LBT parameters can be also deduced by a UE by implicit signaling from eNB. 


When a UE is granted uplink transmissions in consecutive subframes and when all of them are within the maximum transmission duration shown in Figure 8,  it is enough for the UE to perform LBT on the first UL subframe (Subframe n+m), and forgo LBTs on the rest of them.  


[image: ]
Figure 5 Consecutive scheduling




Self-deferral in uplink

Because it is possible that a time gap exists between the time  that an UE finishes LBT and the transmission start time, self-deferral is needed to align the UE's transmission. We discuss this issue with two cases. 
 
Case 1: time gap ≥ Td
If the time gap ≥ Td, we can reuse the Rel-13 LAA DL channel access procedure. i.e. UE chooses not to transmit when the backoff counter is counted to zero, and then senses Td before the granted subframe. Figure 9 shows an example.


Figure 6 An example of time gap ≥ Td

Case 2: time gap < Td
As shown in Figure 10, it is obvious that UE cannot follow the mechanism in case 1. Thus, we propose the following two options.




Figure 7 An example of time gap < Td

Option 1: When backoff counter N=0, UE senses an special slot duration Tssl before the granted subframe. The special slot covers all the remaining time. Figure 11 illustrates an example.



Figure 8 An illustration of Option 1 

Option 2: When backoff counter N=0, UE keeps sensing Tsl until the remaining time < Tsl, and senses a partial slot duration Tpsl before the granted subframe, where 0 <= Tpsl < Tsl. Figure 12 illustrates an example.



Figure 9 an illustration of Option 2

Note that Option 2 is also a feasible solution in case 1.


PUCCH:

For PUCCH's transmission, as there is no dynamic grant to trigger a UE's transmission on PUCCH, it would be difficult for it to take the correct LBT behavior without signaling from eNB concerning whether the expected PUCCH is within the transmission sequence or not.  We propose to use some common signaling to provide that information to UEs in a cell. 

PRACH:

For RACH from PDCCH order, differentiation can be made based on whether the PRACH would take place within the transmission sequence or not, different LBT behaviors can be defined accordingly. If it is within the transmission sequence, then one shot LBT is enough, otherwise a Category 4 LBT is used and the LBT parameters can be different from PUSCH's.
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Figure 10 PRACH within the maximum transmission duration
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Figure 11 PRACH outside the maximum transmission duration



SRS:
As discussed a companion paper, aperiodic wideband SRS should be the baseline design for SRS in LAA. As SRS always goes with PUSCH, it is enough to follow PUSCH's channel access scheme.
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4. [bookmark: _Ref129681832]Conclusion
In this contribution, we provide our views on uplink channel access. We have

Proposal 1: a transmission sequence can be initiated by either a DL transmission or an UL transmission.
Proposal 2: eNB signals the remaining duration in a transmission sequence.


Reference
R1-156386, “RAN1 Agreements and Working Assumptions for Rel-13 LAA (Revision of R1-156379)”, Ericsson, Huawei
[bookmark: _Ref447118707]ETSI BRAN draft "Draft ETSI EN 301 893 V2.0.0 "5 GHz high performance RLAN; Harmonized Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU", March 18, 2016 
[bookmark: _Ref447279609]R1-162942, On priority classes for uplink LBT, Mediatek
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