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In RAN1#84, the following elements related to the UL LBT procedure were agreed [1].
1) Support for UL LBT procedures based on both a random backoff  and a fixed CCA of 25 µs.
2) Flexible timing between UL grant and UL transmission.
3) Enabling PUSCH transmission for a UE in multiple subframes in LAA SCell for both the cross-carrier scheduling case and the self-scheduling case from a single UL grant(s) for the UE in a subframe.
In our companion contribution on the UL subframe structure in time for enhanced LAA, we discuss the need for gaps of different lengths in different situations within a UL subframe [2]. We also discuss LBT procedures in detail in [3][4][5]. As a part of the objectives of the WID, it was stated that the channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point [6].
In this contribution, we discuss how these factors result in the signaling of some important UL channel access parameters being beneficial.
 
Discussion
Motivations
LTE is a scheduled system where UL transmissions are controlled by the eNB such that no transmission by any UE occurs unless it is granted and permitted by the eNB. 
Moreover, multi-user multiplexing is a key feature for performance efficiency of LTE where multiple users can simultaneously be served in a single subframe. Utilizing this feature in LAA for operation in unlicensed spectrum has considerable importance, since by serving multiple UEs simultaneously the system operates more effectively and consequently unlicensed spectrum is utilized more efficiently. This is aligned with the requirements for proper operation in unlicensed spectrum. 
On the other hand, LAA UL transmissions are in general subject to LBT. For a group of UEs scheduled by the same eNB for a given subframe, earlier access of any of those UEs may be perceived as interference by the other scheduled UEs and results in their abandoning the corresponding granted UL transmissions due to failed LBT attempts. This scenario can happen if the concurrently scheduled UEs are located such that the transmission by one would interfere with another one. In this case if the eNB schedules these UEs simultaneously, this would most probably result in transmission failure and hence improper operation of eNB for wasting the spectrum. Based on the above analysis and discussion we make the following observation and conclusion:
Observation:
· Uncoordinated access to unlicensed spectrum for concurrently scheduled UEs impacts multi-user multiplexing capability of LAA and hence efficient usage of unlicensed spectrum.
Conclusion:
· Coordinated channel access among concurrently scheduled UEs should operate efficiently to increase multi-user multiplexing gain.
Based on the design principle concluded above, it is important to increase the probability that concurrently scheduled UEs access unlicensed spectrum simultaneously in an efficient manner to achieve the gains due to multi-user multiplexing. In other words, the eNB should be capable of techniques to at least mitigate the interference caused by its own UEs to themselves. Since the eNB is in control of all transmissions by the UEs, the eNB can as well control the channel access parameters when it is beneficial, such that the chance that all scheduled UEs for a scheduling unit can access the channel simultaneously would increase. In other words by controlling the channel access parameters the eNB is capable of avoiding situations where one of the concurrently scheduled UEs has failed to access to the channel due to transmission by another UE which is scheduled by the same eNB for the same subframe. 

Type of LBT Procedure
It has already been agreed to support LBT based on a CCA of at least 25 µs in addition to Category 4 LBT for UL transmissions.  When each method is used may depend on channel occupancy time restrictions that are specified or may need to be followed due to regulations. In addition, there may be certain transmissions, such as those that contain HARQ feedback, which can be considered to be transmitted without LBT. Such an option was considered to be for further study (as per agreement during Rel-13) and also was required to not leave a gap of more than 16 µs between the DL and the UL transmission. Considering these options, at the very least, it is necessary for the eNB to inform the UE when each of these LBT options is to be used in order to ensure successful multiplexing of concurrently transmitting UEs.
Observation: It is beneficial for the eNB to signal to the UE which of the following options to use for LBT in any particular subframe
· LBT based on Category 4
· LBT based on a CCA in a gap of fixed duration of 25 µs
· No LBT for special transmissions containing information such as HARQ feedback with a gap of fixed duration of 16 µs between the DL and UL transmission.

Aspects Related to Gaps of Fixed Duration
One example of concurrent transmission is that in case of CCA of at least 25 µs, the UEs perform CCA of 25 µs only once and at a specific time, for example, right at the beginning of the UL subframe as discussed in [2]. The UE can start transmission right after the CCA period with the remainder of the first DFTS-OFDM symbol. In principle, since the UL uses single carrier transmission, even partial reception of a DFTS-OFDM symbol is useable by the eNB for data reception. Hence, the possibility of leaving a fraction of an OFDM symbol blank should be allowed. In this case, the concurrently scheduled UEs contend for the channel simultaneously while not interfering with each other and in the absence of other sources of interference, those UEs can access the channel and start transmission at the same time. Another possibility is for the CCA period to begin some time after the subframe boundary. This option is useful when a timing advance command is issued to all the UEs to advance the timing of the UL subframes so as to create a gap between the end of a UL subframe and a subsequent DL subframe. This is discussed in [2] with the figure from that contribution being reproduced below for convenience. In this case, the CCA duration appears in different locations in the UL subframe depending on whether it is the first subframe in a sequence of UL subframes or not.
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[bookmark: _Ref446970852]Figure 1: Managing the gap between DL and UL transmissions when eNBs do not employ partial transmission time interval within a DL subframe preceding a UL subframe.
Thus, when a gap of a fixed duration of 25 µs or 16 µs is used, there may be situations where it is beneficial for the gaps to appear in different locations within the first DFTS-OFDM symbol within the subframe in [2]. Therefore, it may be beneficial to signal this aspect to the UE since the UE may not be aware whether the previous subframe is a DL or a UL subframe and it is not desirable to force the UE to perform a DL subframe detection before the first UL subframe it transmits. If one considers the two options for the placement of the gap discussed in [2], i.e., at the beginning of the UL subframe or after the DL subframe ends, one effective way to achieve this would be to signal to the UE whether it should assume the gap occurs after a period equal to the signalled timing advance value relative to the UL subframe boundary or whether the gap occurs immediately after the subframe boundary.
Observation: When the UE is directed to use a gap of fixed duration for LBT within the UL subframe, it is beneficial for the eNB to signal to the UE where the gap should be located. A simple indicator could be to indicate to the UE whether the gap should be delayed by a duration equal to the signaled TA value relative to the start of the UL subframe or not. 

Aspects related to Category 4 LBT
It has been agreed that a category 4 LBT mechanism will be supported for UL LBT. As discussed in [3], the adjustment of the contention window size (CWS) can be done on a per UE basis using a similar methodology as agreed in Rel-13. That means that the CWS is increased if 80% of the UE’s UL transmissions in its previous UL transmission burst have failed and it is reset otherwise. Also, as discussed in [3], coordination of transmissions from different UEs using different random backoff counters but scheduled in the same subframe can be achieved by signalling the time at which UEs should start transmissions. This is already achieved if the signalling of the gaps, observed as being necessary in the previous section, is supported. In the following, we discuss aspects of category 4 LBT operation that point to the benefits of managing some parts of the category 4 LBT procedure at the eNB and signalling appropriate parameters to the UE. 
Different UEs may be scheduled in different subframes in a sequence of UL subframes. Also, the gaps between the end of a transmission burst and the scheduled UL subframe for which a UE needs to perform Category 4 LBT may vary significantly in size. Also, an eNB may schedule a UE so that the maximum channel occupancy time (MCOT) restrictions discussed in [7], require that the UE can perform a Cat 4 LBT prior to its transmission. However the scheduling is completely in control of eNB and the responsibility to meet these MCOT requirements is up to the eNB [3][4][5]. 
Considering these factors, it is beneficial for the eNB to know the size of the random counters being used by the UEs so that the eNB can ensure that the UEs that are jointly scheduled in a subframe have a greater likelihood of completing their random backoffs in time for transmission in the scheduled subframe. For instance, if an eNB schedules a UE that has a random backoff counter of 10 in a UL subframe where the gap between the end of the previous subframe and the scheduled subframe is only one DFTS-OFDM symbol long, then, the assignment would simply be wasted. This will force the eNB to always be conservative in scheduling UL subframes that use category 4 LBT which would limit efficiency. In another example, if a contention window size of 1023 is supported and the UE draws a random counter larger than 440 and the eNB scheduled a UL transmission 4 ms after the UL grant on the DL, there would not be enough time for the UE to complete its backoff even if the channel was completely idle. Thus, the eNB would need to use a higher scheduling delay in this case. If the UE draws the random counter, there is no way for the eNB to know what was drawn and thus it would be forced to be very conservative on scheduling delay which would be disastrous for performance. 
Considering these factors and that signalling of the random backoff counter to the UE is completely impractical, this implies that the generation of the random backoff counter and management of the contention window sizes should be allowed to be performed at the eNB. Having this functionality being handled by the eNB could potentially be avoided if the category 4 LBT operation is limited to always use the highest priority class with the maximum contention window size being limited to 7. In this case, the contention window periods mostly fit within one or two DFTS-OFDM symbols so that the impact on performance is not very significant even if additional scheduling constraints are not imposed. 
Another option that may be considered is to manage the contention window sizes at the eNB and let the UE generate its own random backoff counters when the contention window size is low, but generate the random backoff counter at the eNB when the contention window size is higher. This has the benefit of reducing signalling overhead (although this may be a marginal reduction) in lower load conditions. The above discussion leads to the following observations.
Observation: When the UE is directed to use a category 4 LBT procedure within the UL subframe, it is beneficial to support one of the following signalling options.
· eNB signals the random backoff counter to a UE for a specific scheduled subframe
· eNB signals the contention window size to a UE for a specific scheduled subframe (the UE draws the random backoff counter based on the signalled contention window size)

Another aspect to be taken into account when the random backoff counter is supplied by the eNB is whether the UE should use a new counter provided by the UE or whether it should use the remaining value from a previous backoff procedure that was not successfully completed. In this case, it is better for the UE to simply use the previous value or alternately choose whichever value happens to be lower. 
When a UE is scheduled in multiple consecutive subframes one option is to provide LBT parameters for each scheduled subframe. Another option is to simplify the signalling and allow the UE to use the previously provided LBT parameters until they are updated by the new ones.
Category 4 LBT can generally be used to start a sequence of UL subframes so that the MCOT requirements are met without any linkage to other DL subframes that may have been transmitted earlier [7]. However, if the eNB decides to occupy the channel in the subframe immediately preceding the first subframe in the sequence of UL subframes for which the UE has been asked to perform a Category 4 LBT procedure, the UE could also perform a CCA with a fixed duration 25 µs without violating the MCOT requirements. In this case, if the UE detects this DL subframe preceding the UL subframe, it would be useful for the UE to switch from the Category 4 LBT procedure to the fixed CCA duration. Such a switch could be executed by the UE simply by detection of a DL subframe in a time window immediately preceding the UL subframe, but to reduce ambiguity regarding which of the UL subframes can switch and which cannot, it may be beneficial to introduce some signalling that indicates to the UE when such a switch in LBT procedures can be executed. This signalling could be sent in the common PDCCH in the DL subframe.
Observation: It is beneficial in some cases for the UE to switch its LBT procedure from a Category 4 LBT procedure to a CCA within a gap of fixed duration of 25 µs when a DL subframe is present prior to the UL subframe so that MCOT requirements can be met with the CCA of fixed duration.


Signalling
It is important to note that the LAA design should be flexible enough to allow either eNB or UE to control the LBT parameters depending on the load, deployment scenario, management complexity, etc. All these design goals can be achieved by supporting some signalling in LAA design to instruct UEs regarding the LBT option and the corresponding parameters to be used. Since in Rel-13 common PDDCH DCI for LAA signalling purposes is already introduced, it can be reused for signalling LBT related parameters as well when appropriate. Similarly, UL grants can also contain LBT related parameters that can be communicated in a UE-specific manner. 
Therefore, based on the discussion in this and previous sections, we propose the following:   
Proposal:
· The LAA UL LBT parameters can be signaled to UEs. 
· The signaling of UL LBT parameters can include the following information:
· LBT option to use:
· LBT based on Category 4 with one of the following options to be used by the UE (UE assumes a gap in the 1st DFTS-OFDM symbol with transmission starting in the 2nd DFTS-OFDM symbol of the UL subframe)
· Use the random backoff counter signaled by the eNB 
· Generate the random backoff counter at the UE based on a contention window size signaled by the eNB
· Generate the random backoff counter at the UE based on a contention window whose size signaled by the eNB
· LBT in a gap of duration 25 µs with one of the following options to be used by the UE (Transmission starts in the second OFDM symbol
· The gap starts at the beginning of the UL subframe
· The gap starts TA microseconds after the beginning of the UL subframe where TA is the timing advance value
· No LBT with a gap of 16 µs
· Note: This option is targeted for special transmissions containing information such as HARQ feedback with a gap of fixed duration of 16 µs between the DL and UL transmission.
· Consider the possibility for the UL LBT procedure at the UE to switch from its original assignment indicating Category 4 LBT to a CCA within a gap of 25 µs under certain conditions. The following conditions can be considered for the switch.
· Signaling is received within a common PDCCH in a DL subframe indicating that UEs scheduled in the particular UL subframe can use a CCA within a fixed gap of 25 µs
· A DL subframe is detected within a window of subframes immediately preceding the UL subframe in which the UE has been scheduled with a Category 4 LBT
· Note: In the absence of new UL LBT parameters, UE assumes the previously signaled LBT parameters. It is the eNB’s responsibility to ensure that channel access requirements are fulfilled 

Conclusion
In this contribution we discussed the benefits of signaling UL channel access parameters. Based on the discussion we proposed the following: 
Proposals:
· The LAA UL LBT parameters can be signaled to UEs. 
· The signaling of UL LBT parameters can include the following information:
· LBT option to use:
· LBT based on Category 4 with one of the following options to be used by the UE (UE assumes a gap in the 1st DFTS-OFDM symbol with transmission starting in the 2nd DFTS-OFDM symbol of the UL subframe)
· Use the random backoff counter signaled by the eNB 
· Generate the random backoff counter at the UE based on a contention window size signaled by the eNB
· Generate the random backoff counter at the UE based on a contention window whose size signaled by the eNB
· LBT in a gap of duration 25 µs with one of the following options to be used by the UE (Transmission starts in the second OFDM symbol
· The gap starts at the beginning of the UL subframe
· The gap starts TA microseconds after the beginning of the UL subframe where TA is the timing advance value
· No LBT with a gap of 16 µs
· Note: This option is targeted for special transmissions containing information such as HARQ feedback with a gap of fixed duration of 16 µs between the DL and UL transmission.
· Consider the possibility for the UL LBT procedure at the UE to switch from its original assignment indicating Category 4 LBT to a CCA within a gap of 25 µs under certain conditions. The following conditions can be considered for the switch.
· Signaling is received within a common PDCCH in a DL subframe indicating that UEs scheduled in the particular UL subframe can use a CCA within a fixed gap of 25 µs
· A DL subframe is detected within a window of subframes immediately preceding the UL subframe in which the UE has been scheduled with a Category 4 LBT
· Note: In the absence of new UL LBT parameters, UE assumes the previously signaled LBT parameters. It is the eNB’s responsibility to ensure that channel access requirements are fulfilled 
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