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[bookmark: _Ref410049002][bookmark: _Ref410045574]For the Rel-14 eLAA work item [1], many important decisions had been made on channel access for UL, but there are still some remaining issues. In this contribution, we will discuss these issues and present our views.
Frame Structure Signaling on C-PDCCH

Rel-13 LAA supports common signaling to indicate the type (normal or DwPTS-like) of the current and the next subframe. DCI format 1C is used for common signaling and the indication defined for Rel-13 applies 4-bit payload. Hence, there are 11 bits available for future use (such as indication of UL subframes) when operating with 20 MHz carrier bandwidth and 9 bits in the 10 MHz case, respectively. In this section we consider indication of UL Tx burst by using some of the available bits in the common DCI. 

As discussed in Rel-13, scheduled UEs can learn the presence of UL Tx burst from UL grants. On the other hand, non-scheduled UEs may need to consider each subframe as a valid DL subframe and might therefore unnecessarily perform DL subframe processing, including 
· Creating BB data including FFT processing
· Trying to detect CRS in each subframe, and 
· Monitoring DCIs on (E)PDCCH in each subframe (including potential PDSCH decoding).

The benefit of an UL Tx burst indicator would be to facilitate further power saving for the non-scheduled UEs. When a Rel-14 UE receives UL Tx burst indicator for certain subframes it may regard such subframes as DRX subframes (if not UL subframes with valid PUSCH grant) and 
· not create BB samples including FFT operation
· not try to detect a DL transmission e.g. based on CRS blind detection
· not monitor (E)PDCCH during the indicated UL subframes.
It has also been discussed to signal channel occupancy time (COT) related information so that the UE may use 25us LBT if it is within the eNB-acquired MCOT, even if it has been signaled with Cat-4 LBT in the UL grant. This can improve the LBT success probability at the UE, thus improving the performance.

These two types of signaling have some similarities but are not exactly the same. Considering that the number of bits on C-PDCCH is very limited and precious, we think as a good compromise, it is reasonable to include one set of parameters to C-PDCCH that can serve both purposes to a large extent (even though it may not be perfect).

The signaling shown in Figure 1 would be able to indicate both the UL transmission burst and the eNB acquired MCOT in most cases. The signaling indicates:
·  The starting subframe of the UL burst w.r.t. position of the indicator (i.e. subframe offset). This can be done with two bits in C-PDCCH. One bit may not be enough from UE processing time point of view if any UL transmissions are to be triggered by C-PDCCH to occur in the ending partial DL subframe in the future releases. Two bits also provide redundant information for the UE which would improve reliability, because the UE would only need to correctly receive one of the C-PDCCH in multiple subframes. The largest state in the signaling may indicate that starting point of the UL burst has not been yet decided. 
·  The duration of the UL burst within the eNB-acquired MCOT. The maximum value of MCOT is 10ms, and the DL burst needs to have at least one full DL subframes. In addition, there is a need for some gap between the last full DL subframe and the UL burst to allow Rx-to-Tx transition. So the maximum duration of the UL burst within the eNB-acquired MCOT is 8ms. This can be done with 3 bits in C-PDCCH. The actual number of UL subframes may be also larger than the indicated value e.g. if the eNodeB decides to continue the UL burst with another UL burst outside eNB-acquired MCOT. 
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Figure 1. UL burst indicator included in Common DCI

A major drawback of this signaling is that if the UL transmission is expected to use Cat-4 LBT (i.e. it does not fall into the eNB-acquired MCOT), this signaling would not enable any power saving at the UE. Nonetheless, we think this provides a good tradeoff between the overhead and the benefit.

Proposal 1: Two additional fields are included in C-PDCCH to indicate the UL transmission burst:
· Subframe offset to indicate the start of the UL burst: 2 bits
· UL burst length within the eNB-acquire MCOT: 3 bits


Details of Cat-4 LBT
During the email discussion [85-5-6], where/how the contention window size (CWS) is maintained for UL Cat-4 LBT has been discussed. There are three alternatives:
Alternative 1:
· For category 4 LBT for PUSCH transmission on LAA SCell,
· CWS is managed by eNB and indicated by UL grant.
· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.
· Reference subframe is the starting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used, for which DM-RS or SRS transmission from the UE is detected and PUSCH decoding is completed.
· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB implementation from the set of values from (1, …,8).
Alternative 2:
· For category 4 LBT for PUSCH transmission on LAA SCell
· The reference scheduled burst is the most recent set of contiguous (i.e. without any gap in between) scheduled UL subframe(s) for the UE that is expected to start after a category 4 LBT and is expected to end at least 4 subframes earlier than the subframe in which the following contention window size adjustment is transmitted
· The reference subframe is the first subframe in the reference scheduled burst where the eNB successfully decodes at least one transport block from the UE.
· The position of the reference subframe within the reference scheduled burst is signaled to the UE in the UL grant in which Cat. 4 LBT is signaled as the LBT type to the UE
· The eNB can also signal that no reference subframe was detected

· If the UE first transmitted in the reference scheduled burst earlier than the signaled reference subframe, the CWSs for all the priority classes are increased.
· If the UE first transmitted in the reference scheduled burst later than the signaled reference subframe, the CWSs for all the priority classes are left unchanged.
· If the UE first transmitted in the reference scheduled burst in the signaled reference subframe, the CWSs for all the priority classes are reset.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB and RRC configured to the UE from the set of values from (1, …,8).
Alternative 3:
· For category 4 LBT for PUSCH transmission on LAA SCell,
· CWS is adjusted at the UE side.
· CWS is adjusted per UE based on whether or not reference subframe is successfully decoded.
· Option 1:
· Reference subframe is the starting transmitting subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used.
· Option 2: 
· [QC]: Reference subframe is the subframe of the most recent UL transmission burst which the UE transmitted successfully. 
· If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes; otherwise, it is increased to the next higher value for all priority classes.
· [QC]: The UE determines the success or failure of its transmission based on the NDI flipping for the HARQ process used for the reference subframe. 
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB implementation from the set of values from (1, …,8).

Here we analyze the pros and cons of each alternative.
Alt 1: CWS is maintained at the eNB
· Pros: The eNB knows the CWSs for all the UEs. This could allow the eNB to have an approximate estimation on the duration that is needed for UL LBT and schedule accordingly.
· Cons: It can be affected by DTX detection performance of UL transmission at the eNB, especially when there is a strong hidden node also transmitting. The eNB would need to maintain CWS for all the UEs, track the reference subframe for each UE depending on DTX detection outcome.
· Overhead: 5 bits if CWS and LBT priority class are signaled together

Alt 2: CWS is maintained at the UE with explicit assistance information from the eNB
· Pros: does not depend on the DTX detection performance of DM-RS/SRS
· Cons: misaligned reference scheduled burst/subframe in case of UL grant decoding failure
· It has been argued that UL grant decoding failure is a small probability event. This may be true on licensed carrier but not necessarily true on unlicensed carrier. In eLAA, UL grant decoding error can occur due to collision for DL transmission. The signaling of the reference subframe is to identify the collision for UL transmission. The error probability of these two types of events should be on the same order, so the UL grant decoding error cannot be simply ignored.
· One possible way to alleviate the issue is to signal the position of the reference subframe within the UL transmission burst (from the eNB point of view), instead of the reference scheduled burst which is UE-specific. This would require the signaling for UL transmission burst available for the UE e.g. on C-PDCCH, as proposed in section 2. Although there is also reliability issue for C-PDCCH, it can be made more robust than UL grant. However it still does not solve the issue when all the UL grants (e.g. could be one multi-SF UL grant) in a UL burst are missed, and the eNB and the UE would be checking different bursts.
· Overhead: the position of the reference subframe in the reference scheduled burst requires 4 bits, plus 2 bits for LBT priority class, which gives a total of 6 bits

Alt 3: CWS is maintained at the UE with implicit assistance information (NDI)
· Pros: no additional overhead other than what is already available (NDI). This saves 3 to 4 bits compared to Alt 1 and 2. (Note that 2 bits for LBT priority class are still needed.)
· The saving of 3 to 4 bits in DCI is significant.
· Cons: the CWS adaptation has dependency on how soon the eNB schedules HARQ retransmissions. It could result in a slower CWS adaptation compared to Alt 1 and 2 if the eNB does not schedule HARQ retransmissions early enough.
· However, the eNB would typically schedule HARQ retransmission as soon as possible, so the CWS adaptation should be fine.

From the analysis above, we can see that all three alternatives have their pros and cons. In our view, Alt 3 is the most preferable approach because it is sufficient for CWS adaptation, and it does not need any additional overhead.
As there seems to be multiple options for Alt 3 and some details are missing, here we propose a modified version as follows:
Alternative 3a:
· For category 4 LBT for PUSCH transmission on LAA SCell,
· CWS is adjusted at the UE side.
· Reference subframe is the first transmitted subframe of the most recent UL transmission burst for which a Cat. 4 LBT was expected to be used. (Note: multiple subframes used as reference can also be considered.)
· If the UE does not receive UL grant for any of the HARQ processes used in the reference subframe, the CWS remains unchanged for all priority classes. If at least one of the TBs in the reference subframe is successfully decoded, the CWS is reset for all priority classes. Otherwise, it is increased to the next higher value for all priority classes.
· The UE determines the success or failure of its transmission based on the NDI flipping for the HARQ process used in the reference subframe.
· If the same HARQ process is scheduled with a new transmission, the previous transmission is considered as a success.
· If the same HARQ process is scheduled with a retransmission, the previous transmission is considered as a failure.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts.
· K is selected by eNB implementation from the set of values from (1, …,8).

In the original formulation of Alt 3, it was not clear whether or how Option 2 differs from Option 1. The modified Alt 3a is based on the original proposal of Alt 3, with the main differences highlighted (Note that this also incorporated part of QC’s proposal).
Proposal 2: For Cat-4 LBT, Alt 3a (a reformulated version of Alt 3) is adopted, i.e. the CWS is maintained and updated at the UE side based on the NDI indication in the UL grant.

Another missing detail is the LBT to be performed in the gap within an UL transmission COT acquired by the UE via Cat-4 LBT. Following a similar principle as the combined DL+UL MCOT case, the UE can use a 25us LBT if there is any LBT gap within an UL transmission burst. 
Proposal 3: If Cat 4 LBT is performed at the UE before a UL transmission, for any gap within the UE-acquired UL MCOT, a 25us LBT is performed at the UE.


Energy detection (ED) threshold
For LAA DL LBT, the ED threshold depends on the knowledge on the presence of other RATs, the set maximum transmit power of the eNB, and the carrier bandwidth.
It is a natural choice for the ED threshold for UL LBT to follow the same principle as DL. The only question is how to set the maximum transmit power of the UE when calculating the ED threshold.
Two alternatives have been proposed:
(1) Alt 1: Use the maximum transmit power per carrier configured for a UE by the eNB (P_EMAX,c)
(2) Alt 2: Use the actual maximum transmit power per carrier at a UE (P_CMAX,c as defined in TS 36.101)

P_EMAX,c can be considered as an upper bound for the maximum transmit power on a carrier, while P_CMAX,c more accurately reflects the actual maximum transmit power by taking into account various allowance factors and various maximum power reduction (MPR) factors. In this sense, P_CMAX,c is a better parameter to be used to determine the ED threshold, because P_EMAX,c could result in an unnecessarily conservative ED threshold.
Proposal 4: Align the requirement on the energy detection threshold for UL transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
· The maximum output power per carrier at the UE, i.e. P_CMAX,c as defined in TS 36.101, is used to calculate the ED threshold for UL LBT.

LBT details for aperiodic SRS followed by PUSCH
During the email discussion [85-5-6], the following has been agreed for LBT for aperiodic SRS:
Agreement:
· 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 the open issue highlighted above, three options are being considered. However, the difference between these options is quite small because the CWS is either 3 or 7. For the scenario under consideration, there is no PUSCH preceding the aperiodic SRS, so there is a duration of at least close to 1 ms for the UE to perform LBT. The LBT outcome would be very similar for all three options. Therefore it would make sense to use the simplest option. Here option 3 reuses the Cat-4 LBT procedure that is used by other UL transmissions and appears to be the preferred choice.
In this case, the Cat-4 LBT for SRS can borrow the LBT parameters for priority class 1. But it is preferred that the transmission of aperiodic SRS itself is not used for LBT parameter update, because otherwise this would require the eNB to do DTX detection on aperiodic SRS, and the reliability of such DTX detection is not clear.
Proposal 5: If SRS is not multiplexed with PUSCH in the same subframe but is followed by PUSCH with gap between SRS and following PUSCH, Option 3 (Cat-4 LBT with LBT priority class 1) is used by aperiodic SRS when it is outside of eNB channel occupancy. SRS transmission is not used for the LBT parameter update.

Conclusion
In this contribution, we discussed the LBT procedure to support LAA UL, and proposed the following:  
Proposal 1: Two additional fields are included in C-PDCCH to indicate the UL transmission burst:
· Subframe offset to indicate the start of the UL burst: 2 bits
· UL burst length within the eNB-acquire MCOT: 3 bits
Proposal 2: For Cat-4 LBT, Alt 3a (a reformulated version of Alt 3) is adopted, i.e. the CWS is maintained and updated at the UE side based on the NDI indication in the UL grant.
Proposal 3: If Cat 4 LBT is performed at the UE before a UL transmission, for any gap within the UE-acquired UL MCOT, a 25us LBT is performed at the UE.
Proposal 4: Align the requirement on the energy detection threshold for UL transmission with the corresponding Rel-13 LAA requirements for PDSCH transmission.
· The maximum output power per carrier at the UE, i.e. P_CMAX,c as defined in TS 36.101, is used to calculate the ED threshold for UL LBT.
Proposal 5: If SRS is not multiplexed with PUSCH in the same subframe but is followed by PUSCH with gap between SRS and following PUSCH, Option 3 (Cat-4 LBT with LBT priority class 1) is used by aperiodic SRS when it is outside of eNB channel occupancy. SRS transmission is not used for the LBT parameter update.
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