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1. Introduction

In RAN1#82 [1] and email discussion after RAN1#82, we agreed on basic principles of LBT schemes for LAA UL.

	Agreements:
· 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

Agreements:
· 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).

Agreements:
· For cross-carrier scheduling, when if it is supported that 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 RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) was approved with the following objectives [2].

	· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]


In this contribution, we discuss LBT schemes in LAA UL, which is one of the main objectives in Rel-14 eLAA WI.

2. LBT procedure
As stated in section 1, there can be two candidates for UL LBT scheme. One is to sense the channel during single CCA slot before transmission, and the other is to perform category 4 LBT scheme. Between two schemes, we consider category 4 LBT scheme as the baseline for the fair coexistence with other RAT (e.g., Wi-Fi). Furthermore, we will discuss detailed LBT procedure depending on either self-carrier scheduling case or cross-carrier scheduling case.
2.1. Self-carrier scheduling

Referring to [3], it seems necessary to devise how to enhance the performance of LAA UL for the case of self-carrier scheduling. This may be not only because it is hard to grab the channel due to duplicate LBT procedures for both UL grant and PUSCH transmission, but also because of the channel occupation of DL transmission including only UL grant. Therefore, we suggest following candidates for the performance enhancement of self-carrier scheduled UL transmission. Note that the performance gain should be proved to apply some of following candidates, where gain of multi-SF scheduling is shown in [3].
· Fast LBT procedure (e.g., by adopting smaller CWS than DL category 4 LBT)
· Reduced latency from UL grant to PUSCH transmission

· Multi/cross-SF scheduling
2.2. Cross-carrier scheduling

If an LBT operation is not performed on the LAA SCell to send a UL grant on licensed cell, it seems sufficient to apply DL category 4 LBT parameters [3]. However, if an LBT operation is performed on the LAA SCell for UL grant transmission, similar enhancement as self-carrier scheduling case should be considered. In addition, it is necessary to clarify the success condition for the LBT operation on the LAA SCell for UL grant transmission (e.g., success if LBT procedure is completed within a certain duration before SF boundary). Therefore, it is recommended to prioritize cross-carrier scheduling case not performing LBT for UL grant since sufficient performance gain can be achieved without additional enhancement for LBT or UL transmission procedure.
Suggestion 1: Prioritize cross-carrier scheduling case without performing LBT for UL grant.

· If an LBT operation is performed on the LAA SCell for UL grant transmission on licensed cell or LAA SCell, following enhancement schemes can be considered.
· Fast LBT procedure (e.g., by adopting smaller CWS than DL category 4 LBT)

· Reduced latency from UL grant to PUSCH transmission

· Multi/cross-SF scheduling

· If an LBT operation is performed on the LAA SCell for UL grant transmission on licensed cell, it is necessary to clarify the success condition for the LBT operation.

3. LBT parameters
In this section, we address some issues necessary to determine, related to LBT parameters such as contention window size (CWS), energy detection (ED) threshold, multiple channel access priority classes. Then, we discuss how to inform UEs on LBT parameters.
3.1. CWS
First of all, we have to determine which entity manages CWS. Each UE can be supposed to adjust its own CWS (e.g., based on LBT success/failure for UL transmission). However, considering network’s flexible controllability and UE’s simple implementation, it would be better for eNB to adjust CWS of associated UEs based on the result of PUSCH decoding with blind detection of received signals (e.g., DM-RS or SRS).
Although eNB manages associated UEs’ CWS, there can be two alternatives depending on whether eNB uses cell-common CWS or UE-specific CWS. Considering that interference condition can be different between UEs, it seems reasonable to adopt UE-specific CWS. Then, reference subframe can be defined as the starting subframe of the most recent transmission made by each UE from the same context as Rel-13 LAA. CWS adjusted by the result of PUSCH in reference subframe can be updated when each UE’s UL transmission is completed or when eNB transmits UL scheduling DCI.
Suggestion 2: On CWS adjustment for UL LBT, we suggest
· eNB manages UE-specific CWS.

· Reference subframe is the starting subframe of the most recent transmission made by each UE.

· CWS can be updated when each UE’s UL transmission is completed or when eNB transmits UL scheduling DCI.

3.2. ED threshold
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 is defined from the perspective of eNB in Rel-13 LAA, that is, it is the set maximum eNB output power in dBm for the carrier. However, if we consider UL transmission, it is natural that 
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 is defined from the perspective of UE. For example, it is set to 
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Suggestion 3: Define 
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 of ED threshold adaptation procedure from the perspective of UE (e.g., 
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3.3. Support of multiple channel access priority classes
Similar to Rel-13 LAA, multiple channel access priority classes should be supported to service various kinds of QoS traffics for LAA UL. LBT parameters such as CWS, MCOT and so on can be different among channel access priority classes. In addition, different LBT prioritization rule can be applied to depending on the type of channel. For instance, LBT procedure for PRACH, PUCCH or PUSCH with UCI can be prioritized over PUSCH by using shorter CWS, single CCA slot LBT or higher ED threshold.
Suggestion 4: Support multiple channel access priority classes.
3.4. How to indicate LBT parameters
Since eNB schedules UE’s transmission in LTE system, it is desirable for eNB to inform each scheduled UE on how to perform LBT procedure. Therefore, we can consider the indication of following LBT related information to UEs by scheduling DCI, common PDCCH or RRC signaling.
· CWS (or random backoff counter)
· Channel access priority class or MCOT

· LBT type (e.g., either category 4 LBT or single CCA slot LBT)
· ED threshold

Signaling the exact value of random backoff counter seems not proper due to its signaling overhead. Instead of random backoff counter, we prefer to indicate CWS and each UE can draw the same random backoff counter by using pre-defined method if the alignment of backoff counter value between UEs is necessary. If eNB schedules multiple UEs at the same time, it can indicate largest CWS among scheduled UEs or individual CWS for each scheduled UE.
Scheduled UE can obtain the information on the length of defer period, allowed CWS, MCOT, and so on by signaling channel access priority class. The information on LBT type can be useful for the support of FDM and MU-MIMO, which will be explained in section 5.
In Rel-13 LAA, ED threshold adaptation procedure is differentiated depending on whether LAA coexists with any other technology. Therefore, eNB can indicate the proper value of ED threshold based on whether LAA coexists with other technology.
Suggestion 5: Consider to indicate at least one of following parameters by scheduling DCI, common PDCCH or RRC signaling.
· CWS

· Channel access priority class or MCOT

· LBT type (e.g., either category 4 LBT or single CCA slot LBT)
· ED threshold
4. Partial TTI
4.1. TX gap
Between consecutive transmission bursts, TX gap shorter than 1 ms TTI is necessary for the following reasons

· to enable transmission of DL and UL TX bursts over consecutive subframes by allowing CCA operation within a part of subframe
· to provide RX-TX or TX-RX switching time
We consider two options regarding the configuration of TX gap for UL transmission as follows:

· Option 1: TX gap is created by omitting several symbols at the end of the last subframe of UL TX burst as shown in Figure 1.

· Option 2: TX gap is created by omitting several symbols at the start of the first subframe of UL TX burst as shown in Figure 1.
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Figure 1. TX gap
Option 2 can be effectively the same as option 1 if timing offset is set by TA command. For option 1, considering that SRS is transmitted in the 14th symbol of a subframe, some enhancements for SRS transmission in ending partial subframe can be necessary as mentioned in [4].
Suggestion 6: Consider two options regarding the configuration of TX gap for UL transmission as follows.
· Option 1: TX gap is created by omitting several symbols at the end of the last subframe of UL TX burst.

· Option 2: TX gap is created by omitting several symbols at the start of the first subframe of UL TX burst.
· Timing offset can be set by TA command to arrange TX gap between the end of UL TX burst and the start of DL TX burst.
4.2. Initial partial PUSCH(/PUCCH)
UE can acquire channel at any time in a subframe due to contention based channel access in unlicensed band. In other words, it cannot be guaranteed to start UL transmission from the pre-configured position. Thus, allowing initial partial PUSCH (or PUCCH if specified) is necessary to maximize spectral efficiency. However, if LAA UL is designed such that UE can start UL transmission several positions, it is not simple for eNB to identify the length of received PUSCH(/PUCCH). Therefore, possible start position of initial partial PUSCH (/PUCCH) should be restricted (e.g., 2nd slot boundary).
Suggestion 7: Consider the introduction of initial partial subframe with the restriction on start position.

4.3. Method of indication of UL SF length
In order to prevent a misalignment on the length of PUSCH(/PUCCH) between eNB and UE, explicit signaling to indicate the length of partial TTI with TX gap should be introduced. Considering the location of DM-RS and signaling overhead, the maximum length of UL SF with TX gap can be limited to 11 symbols. Specifically, the indicator of UL SF length can be signaled by scheduling DCI or common PDCCH.
Suggestion 8: Introduce the signaling to indicate the length of PUSCH(/PUCCH).

5. LBT for support of FDM/MU-MIMO
In LAA SI [5], it is recommended that LAA should target the support of UL multiplexing of multiple UEs in one subframe by multiplexing in the frequency domain and by multiplexing using MU-MIMO. However, there are several difficulties in supporting FDM or MU-MIMO in LAA UL. If interference environment is different between UEs, the moment when LBT procedure is completed can be different between UEs. Thus, a UE cannot start UL transmission if it senses the channel as busy due to other UE’s UL transmission. In addition, TA uncertainty can also block other UE’s UL transmission. Therefore, we suggest considering following LBT schemes to improve FDM/MU-MIMO.
· LBT resource restriction in frequency domain (e.g., interlaced RBs)
· TX timing alignment
· Larger CCA slot length
For LBT resource restriction in a certain frequency resource, reservation signal or PUSCH(/PUCCH) can be transmitted with nulling a certain frequency resource and UE senses the channel except the frequency resource. TX timing alignment can be enabled by single CCA slot LBT, signalling same random backoff counter, or aligning LBT ending instance. In addition, UL CCA slot length larger than 9 us (determined for LAA DL) can be considered to absorb different TA values between UEs within a CCA slot.
Suggestion 9: Consider following alternatives to improve FDM/MU-MIMO.
· LBT resource restriction in frequency domain (e.g., interlaced RBs)

· TX timing alignment
· Larger CCA slot length

6. Multi-channel LBT
Considering single RF UE design, simultaneous reception of DL data and transmission of UL data in a subframe is basically not allowed. Also, UE cannot sense the channel on some carriers while it transmits UL transmissions on the other carriers. In order to provide a high peak data rate in unlicensed band, multi-channel LBT and transmission should be supported. Similar to Rel-13 LAA, following two types of multi-channel LBT procedures can be the baseline.
· Type A: UE performs category 4 LBT on each channel on which the UE is scheduled to transmit.
· Type B: UE performs category 4 LBT on only one unlicensed carrier among a group of carriers.
For Type A multi-channel access procedure, if common random backoff counter is used, UE may assume same values (e.g., backoff counter, CWS) are signaled on scheduled carriers or UE may use largest value (e.g., backoff counter, CWS) among signaled values.

For Type B multi-channel access procedure, eNB can configure the carrier on which the UE has to perform category 4 LBT. eNB can adjust UE-specific CWS per each carrier or commonly for all carriers and indicate the largest CWS for random backoff counter selection considering which UE(s) is(are) scheduled on which carrier(s).
Other types (e.g., single slot CCA for all carriers) can also be considered and eNB can inform each UE on which type of multi-carrier LBT is applied.
Suggestion 10: Consider following two types of multi-channel LBT procedure as the baseline.

· Type A: UE performs category 4 LBT on each channel on which the UE is scheduled to transmit.
· Type B: UE performs category 4 LBT on only one unlicensed carrier among a group of carriers.
7. Summary and conclusions

In this contribution, we discussed LBT schemes in LAA UL. The suggestions of this contribution are summarized as follows.
Suggestion 1: Prioritize cross-carrier scheduling case without performing LBT for UL grant.

· If an LBT operation is performed on the LAA SCell for UL grant transmission on licensed cell or LAA SCell, following enhancement schemes can be considered.

· Fast LBT procedure (e.g., by adopting smaller CWS than DL category 4 LBT)

· Reduced latency from UL grant to PUSCH transmission

· Multi/cross-SF scheduling

· If an LBT operation is performed on the LAA SCell for UL grant transmission on licensed cell, it is necessary to clarify the success condition for the LBT operation.

Suggestion 2: On CWS adjustment for UL LBT, we suggest

· eNB manages UE-specific CWS.

· Reference subframe is the starting subframe of the most recent transmission made by each UE.

· CWS can be updated when each UE’s UL transmission is completed or when eNB transmits UL scheduling DCI.
Suggestion 3: Define 
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 of ED threshold adaptation procedure from the perspective of UE (e.g., 
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Suggestion 4: Support multiple channel access priority classes.
Suggestion 5: Consider to indicate at least one of following parameters by scheduling DCI, common PDCCH or RRC signaling.

· CWS

· Channel access priority class or MCOT

· LBT type (e.g., either category 4 LBT or single CCA slot LBT)
· ED threshold
Suggestion 6: Consider two options regarding the configuration of TX gap for UL transmission as follows.
· Option 1: TX gap is created by omitting several symbols at the end of the last subframe of UL TX burst.

· Option 2: TX gap is created by omitting several symbols at the start of the first subframe of UL TX burst.
· Timing offset can be set by TA command to arrange TX gap between the end of UL TX burst and the start of DL TX burst.
Suggestion 7: Consider the introduction of initial partial subframe with the restriction on start position.

Suggestion 8: Introduce the signaling to indicate the length of PUSCH(/PUCCH).

Suggestion 9: Consider following alternatives to improve FDM/MU-MIMO.

· LBT resource restriction in frequency domain (e.g., interlaced RBs)

· TX timing alignment
· Larger CCA slot length

Suggestion 10: Consider following two types of multi-channel LBT procedure as the baseline.

· Type A: UE performs category 4 LBT on each channel on which the UE is scheduled to transmit.
· Type B: UE performs category 4 LBT on only one unlicensed carrier among a group of carriers.
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