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1. Introduction

In RAN1#85 meeting [1] and following email discussion, we made plenty of agreements on channel access procedure for eLAA. However, we still have open issues such as ED threshold, SRS LBT, channel access procedure for multiple carriers, and so on. In this contribution, we discuss further details on the remaining issues on channel access procedure for UL LBT.
2. Continuous transmission of continuously scheduled subframes
	Agreements:

· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.

· UE is not expected to be signaled different LBT types for consecutively scheduled subframes when there is no gap between the consecutive subframes.

· FFS: For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, if LBT fails for a subframe in that set, the UE continues the LBT according to the signaled LBT type for the next subframe in the set.


For the FFS part of above agreements made in email discussion [85-5-6], UE should continue to transmit all scheduled subframes if UE succeeds LBT and there is no gap between scheduled subframes. Even though eNB wants to stop UL transmission due to the decoding failure of the first subframe, it is not simple in LTE system that eNB promptly responds to erroneous UL reception. Furthermore, even if the first subframe is not successfully decoded, following subframes can be successfully received depending on interferer’s transmission duration. Therefore, we prefer to remove FFS in the third bullet in the above agreements.
Suggestion 1: Agree the following FFS part.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.
3. ED threshold
ED threshold adaptation procedure for Rel-13 LAA can be aligned with that for Rel-14 eLAA except the definition of 
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. In the procedure for Rel-13 LAA, 
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 is defined from the perspective of eNB. That is, it is defined as 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 UE perspective. Therefore, we can consider 
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 is set to 
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 for LAA SCell because it would be simple for UE implementation to determine 
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 semi-statically.
Suggestion 2: Reuse ED threshold procedure for Rel-14 eLAA with that for Rel-13 LAA, where 
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 is defined as a semi-statically configured maximum transmission power from the UE perspective (i.e., 
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 for LAA SCell).
4. SRS LBT
	Agreements:

· For an aperiodic SRS that is not multiplexed with PUSCH in the same subframe,

· If the aperiodic SRS is followed by PUSCH without a gap between SRS and following PUSCH,

·  UE performs LBT indicated for the following PUSCH.

· If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH,

·  Within eNB’s channel occupancy, UE performs 25 usec one shot LBT

·  Outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority Class 1.

· Choose one of the following options:

· Option 1: UE performs Cat 3 LBT with fixed CWS values. The value is chosen from [3,7].

· Option 2: UE performs Cat 3 LBT with CWS 7.

· Option 3: UE performs Cat 4 LBT.

·  FFS: SRS transmission if the gap between SRS and following PUSCH is smaller than Xus.

· FFS the exact value of X > 25us


For above agreements made in email discussion [85-5-6], there are three options for SRS LBT outside of eNB’s channel occupancy if the aperiodic SRS is not multiplexed with PUSCH in the same subframe and if UL transmission is not scheduled right after the end of aperiodic SRS. Among three options, we prefer the third option that UE performs Cat 4 LBT. Specifically, UE uses CWS value corresponding to the channel access priority class 1 which is adjusted for PUSCH transmission. Option 3 seems reasonable since it can reflect channel status to some extent based on the success or failure of PUSCH transmission.
In addition, LBT type (i.e. Cat 4 LBT or LBT based on 25us CCA) should be signaled via DL assignment triggering aperiodic SRS without PUSCH. This is because LBT type can be different depending on whether SRS transmission is within eNB’s channel occupancy or not.
Suggestion 3: Outside of eNB’s channel occupancy, UE performs Cat 4 LBT with the channel access priority class 1 and CWS for SRS follows that for PUSCH.
Suggestion 4: LBT type (i.e. Cat 4 LBT or LBT based on 25us CCA) is signaled via DL assignment triggering aperiodic SRS without PUSCH.

5. Channel access procedure for multiple carriers
We agreed that LBT type for PUSCH transmission is signalled via UL grant. Therefore, it would be natural that UE just performs UL LBT indicated by UL grant irrespective of whether a UE is scheduled for multiple LAA SCells or not. If a UE is scheduled for multiple LAA SCells, the UE may expect to be not scheduled with the different PUSCH starting position, considering UE’s single RF operation.
Suggestion 5: Baseline for multi-carrier UL LBT is scheduling grant based UL LBT per carrier.

Additionally, we can consider another type of multi-carrier UL LBT which performs Cat 4 LBT only in the reference carrier to increase the probability that UL data is transmitted with multiple carriers at the same time, similar to Type B multi-carrier DL LBT. In this case, the reference carrier can be chosen via RRC signalling with a period of 1 second or selected uniformly randomly among scheduled carriers by UE. If reference carrier is not scheduled with Cat 4 LBT, a carrier can be determined as the reference carrier by pre-defined rule or baseline for multi-carrier UL LBT can be performed as a fallback mode.
Suggestion 6: Consider another type of multi-carrier UL LBT which performs Cat 4 LBT only in the reference carrier.

· The reference carrier can be chosen via RRC signalling with a period of 1 second or selected uniformly randomly among scheduled carriers by UE.

· FFS: How to handle the case that reference carrier is not scheduled with Cat 4 LBT

Another consideration point is the relationship between multi-carrier DL LBT and UL LBT. If an eNB performs Type B multi-carrier DL LBT and the eNB shares channel occupancy with associated UEs, we need a clarification on which carrier is allowed to be scheduled with 25 usec CCA based LBT. For example, in Fig. 1, eNB performs Cat 4 LBT only on CC#2 and transmits CC#1 as well as CC#2 and eNB schedules UL transmission on CC#1, CC#2, and CC#3 within channel occupancy. In this case, it seems controversial if 25 usec CCA based LBT can be scheduled on CC#1 and CC#3 or not. In summary, there can be several options depending on which carriers can be scheduled with 25 usec CCA based LBT for Type B multi-carrier DL LBT case.
· Option1: Only carrier performing Cat 4 LBT

· Option 2: Carriers transmitted by the eNB at the same time

· Option 3: All carriers included in a carrier group for Type B multi-carrier DL LBT
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Figure 1. Example of Type B multi-carrier DL LBT

Suggestion 7: For Type B multi-carrier DL LBT case, consider following options on which carriers can be scheduled with 25 usec CCA based LBT within channel occupancy.

· Option1: Only carrier performing Cat 4 LBT

· Option 2: Carriers transmitted by the eNB at the same time

· Option 3: All carriers included in a carrier group for Type B multi-carrier DL LBT

6. Summary and conclusions

In this contribution, we discussed further details on UL LBT such as continuous transmission for continuously scheduled subframes, ED threshold, SRS LBT, and channel access procedure for multiple carriers. The suggestions of this contribution are summarized as follows.
Suggestion 1: Agree the following FFS part.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.
Suggestion 2: Reuse ED threshold procedure for Rel-14 eLAA with that for Rel-13 LAA, where 
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 is defined as a semi-statically configured maximum transmission power from the UE perspective (i.e., 
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 for LAA SCell).
Suggestion 3: Outside of eNB’s channel occupancy, UE performs Cat 4 LBT with the channel access priority class 1 and CWS for SRS follows that for PUSCH.
Suggestion 4: LBT type (i.e. Cat 4 LBT or LBT based on 25us CCA) is signaled via DL assignment triggering aperiodic SRS without PUSCH.

Suggestion 5: Baseline for multi-carrier UL LBT is scheduling grant based UL LBT per carrier.

Suggestion 6: Consider another type of multi-carrier UL LBT which performs Cat 4 LBT only in the reference carrier.

· The reference carrier can be chosen via RRC signalling with a period of 1 second or selected uniformly randomly among scheduled carriers by UE.

· FFS: How to handle the case that reference carrier is not scheduled with Cat 4 LBT

Suggestion 7: For Type B multi-carrier DL LBT case, consider following options on which carriers can be scheduled with 25 usec CCA based LBT within channel occupancy.

· Option1: Only carrier performing Cat 4 LBT

· Option 2: Carriers transmitted by the eNB at the same time

· Option 3: All carriers included in a carrier group for Type B multi-carrier DL LBT
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