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1. [bookmark: Source]Introduction
[bookmark: _Ref410049002][bookmark: _Ref410045574]A Rel-14 work item was approved in RAN#70 to specify UL support for LAA (licensed-assisted access) SCell operation in unlicensed spectrum [1]. The detailed objectives of the work item are to specify support for the following functionalities:
· 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]

The channel access mechanism is one of the most important aspects for LAA UL design. It was discussed in the LAA study item and the Rel-13 LAA work item, and the following has been agreed regarding UL channel access:
Agreements: (RAN1#81, May 2015)
· LAA supports UL LBT at the UE.
· The UL LBT scheme can be different from the DL LBT scheme (e.g. by using different LBT mechanisms or parameters) e.g., since the LAA UL is based on scheduled access which affects a UE’s channel contention opportunities
· Other considerations including multiplexing of multiple UEs in a single subframe 
· Possibly other considerations
Working assumptions: (RAN1#82, Aug 2015)
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered 
· A CCA duration of 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, and a maximum contention window size of X={3, 4, 5, 6, 7}, respectively 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE 
· 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: Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts 
Agreement: (the outcome of RAN1#82 email discussion)
•      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 this contribution, we present our views on the various aspects of the channel access design to support LAA UL. 
2. UL LBT for a single carrier
Channel access mechanism
When UL LBT is supported, two candidate channel access procedures had been agreed to be considered.
· Alt 1: a Cat 2 scheme with a single CCA slot sensing
· Alt 2: a Cat 4 scheme with a small contention window size
During the SI phase, the following is agreed and captured in TR 36.889 [2]: “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.” This would require that all the UEs align the starting transmission time on UL, because otherwise, the transmission from one UE could cause the other UEs to sense the channel as busy and block the transmissions from these UEs.
For Alt 1, as long as the location of the CCA slot is common for all the UEs (e.g. pre-defined in the specifications), it naturally supports the multiplexing of multiple UEs in the same subframe.
For Alt 2, each UE uses a random backoff counter to perform the Cat-4 LBT procedure. There are two ways to do this:
· Alt 2a: UEs perform Cat-4 LBT without coordination, or alignment, or self-deferral. A UE starts transmission whenever the LBT succeeds, possibly starting with a reservation signal to occupy the channel before the actual UL transmission. The obvious difficulty is that each UE may complete the Cat-4 LBT at a different time, so it could cause intra-cell blocking among the UEs. This is true regardless of whether the random backoff counter is generated by the UE itself or generated and broadcast by the eNB. Therefore, this alternative should not be further considered given its obvious drawback.
· Alt 2b: This alternative aims at effectively supporting the multiplexing of multiple UEs. A common starting transmission time is known to all the UEs, and any UE that succeeds in LBT can only start transmission at this particular time (i.e. no reservation signal transmitted before the intended transmission time). This means that a UE may need to do self-deferral until immediately before the intended transmission time for a final CCA check. But exactly when a UE starts the Cat 4 LBT procedure may have flexibility to some extent.
With Alt 2b, a necessary condition for a UE to be able to transmit is that the CCA check in the final slot before the intended transmission time needs to pass, which is the same condition for a UE to be allowed to transmit in Alt 1. But with Alt 2b a UE would have to go through a complete Cat-4 LBT procedure in addition to the last slot check. Therefore, Alt 2b is more conservative in channel access compared to Alt 1. So two alternatives have somewhat different impact on the coexistence performance.
Exactly which alternative should be selected largely depends on how conservative the LAA channel access needs to be in order to ensure fair coexistence performance with other systems such as Wi-Fi (which uses a Cat 4 scheme). However, the coexistence performance with Wi-Fi should not be a concern in our view. During the study item phase, a lot of simulation results were provided for Cat 2 and Cat 4 LBT mechanism. Based on the simulation results, the common understanding was that a Cat 2 scheme with periodic sensing interval is more conservative in channel access than a Cat 4 scheme that can start sensing at any time [2]. Since the sensing for LAA UL is expected to start at only some pre-defined positions (e.g. subframe boundary), Alt 1 is in fact a more conservative channel access mechanism than what is adopted by Wi-Fi. Therefore, it should not result in any coexistence issue.
Given that Alt 1 is considered as sufficient to provide fair coexistence with Wi-Fi, we see no obvious reason or benefit to select the even more conservative Alt 2b. Thus we propose to adopt Alt 1. This can be applied to any LAA UL transmissions (PUSCH, SRS, PUCCH and PRACH if supported), because all these UL transmissions are expected to have pre-defined timing.
Note that Alt 1 does not have any LBT parameters (except for the maximum channel occupancy time) associated with it that can make finer adjustment on the channel access capability. So if Alt 1 is adopted, it would be the same for both self-scheduling and cross-carrier scheduling, and for all different priority classes (except for the maximum channel occupancy time). There is no need to have any differentiation among any of these cases.

Proposal 1: When UL LBT is performed, a single CCA slot sensing is adopted as the channel access scheme for UL transmission for all the priority classes, for both self-scheduling and cross-carrier scheduling.
Proposal 2: When UL LBT is performed, the value of maximum channel occupancy time for each priority class is defined the same as in DL, and is applicable for a UL transmission burst from each UE perspective. 


It had been discussed whether to allow the eNB to perform LBT for the UE in some special cases, captured with FFS on “Transmission without LBT when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts”. This concept of the master-slave mode is not new, and it can be especially beneficial for LAA UL due to the centralized scheduling of LAA. In fact, this concept is also being considered in 802.11ax due to a similar consideration. With the centralized multi-user scheduling in LAA, there are some complications to effectively support the multi-user multiplexing. In addition, LBT procedure at the UE also takes overhead, which reduces the overall system efficiency (which in turn also affects the performance of the other systems coexisting on the same channel). So supporting such a scheme for LAA UL would be very beneficial. In this case, the combined DL and UL transmissions should be considered as a transmission burst, which should comply with the requirements on maximum channel occupancy. Of course such a scheme can only be used when allowed by the regional regulations.
Proposal 3: Transmission without LBT should be further considered when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts. In this case, the maximum channel occupancy time defined in Rel-13 would be applied on the combined DL and UL transmission burst.


Position of LBT Gap
Here we discuss when to perform CCA in cases when UL LBT is performed. We use “LBT gap” to denote the time interval that is reserved for LBT.
In legacy LTE, each UL grant provides the scheduling information in a single subframe. The scheduling is done per subframe independently at the eNB, so the UEs scheduled in one subframe are likely to be different from the UEs being scheduled in the next subframe without any special care. Naturally we would want to be able to support such an operation mode for LAA as well. In this case, in order to allow the UEs scheduled in a later subframe to be able to perform LBT, a gap is necessary between the UL transmissions in the two subframes. During this gap, all the UEs do not transmit, so that the UEs scheduled in the next subframe can sense the channel properly and decide if they can transmit in the next subframe. This is illustrated Figure 1. It allows maximum flexibility in eNB scheduling.
 (
SF n
SF n+1
SF n+2
SF n+3
LBT gap
)
[bookmark: _Ref442047669]Figure 1 LBT gap reserved in every subframe
However, this approach has some drawbacks:
· each LBT gap means overhead because the UE cannot transmit anything during this gap.
· After a UE grabs the channel, it has to give up the channel in 1ms and perform another LBT if it is scheduled to transmit in the next subframe. This means that the UE cannot take the full advantage of the maximum channel occupancy time.
A possible enhancement is to allow one LBT performed for multiple subframes when a UE is scheduled with multiple consecutive subframes. For example, as illustrated in Figure 2, UE1 and UE2 are scheduled in the first 3 subframes, and UE3 is scheduled in the last subframe. So one LBT gap can be defined before the first subframe, and another gap can be defined before the last subframe. For this to work efficiently, the eNB would need to align the starting subframe and schedule the same UL burst length for all the UEs being scheduled. This puts some constraint on the eNB scheduler. In addition, once an LBT fails, a UE would lose the transmission opportunity for multiple subframes, while for the option of one LBT gap per subframe, a UE may still be able to transmit in later subframes.
 (
SF n
UE1+UE2
SF n+1
UE1+UE2
SF n+2
UE1+UE2
SF n+3
UE3
LBT gap
)
[bookmark: _Ref442284111]Figure 2 LBT gap reserved per multi-subframe scheduling

As discussed above, these two approaches have their own pros and cons. Instead of choosing one fixed approach, a combination of the two would be that exactly when to perform LBT is dynamically signalled to the UE (e.g. in the UL grant DCI or a common signalling), as also discussed in our companion contribution [3].
Note that the above discussion applies regardless of whether single-subframe scheduling (as in legacy LTE) or multi-subframe scheduling (a new behaviour where one UL grant can be used to schedule a UE to transmit in multiple subframes) is used.

Proposal 4: For UL LBT, both one LBT per subframe and one LBT for multiple subframes should be supported.

When a LBT gap is present in a subframe, the exact location of this LBT gap depends on the considerations for SRS and PUSCH transmissions. This aspect is also discussed in our companion contribution [4], but we include the same discussion in both contributions to make each of them self-contained.
We propose in [4] that SRS transmission without immediately preceding or following PUSCH allocation needs to be supported. This means that there must be an LBT gap right before SRS symbol. One can see two main options: 
· SRS is transmitted after a DL burst at the beginning of following UL transmission burst.  In other words, SRS could be transmitted on LAA UpPTS.
· SRS is transmitted on normal UL subframe together with PUSCH. 
For the first option, the LBT gap for SRS occurs right before the SRS symbol. Then in each normal UL subframe, only PUSCH is transmitted, and a LBT gap in the first or last OFDM symbol can be used for PUSCH transmission. This is illustrated in Figure 3. Whether the LBT gap immediately following SRS needs to be present is a design choice. If it is not present, it means that SRS and PUSCH share the same LBT gap. This issue will be discussed more later.


[bookmark: _Ref442394377][bookmark: _Ref442394373]Figure 3 LBT gap for the case with SRS in UpPTS only
The latter option involves the question on how the LBT gaps are arranged for both SRS and PUSCH in a subframe. The main options are to have either separate LBT gaps for SRS and PUSCH (as illustrated in Figure 4) or a shared LBT gap for SRS and PUSCH (two examples illustrated in Figure 5 and Figure 6). In Figure 4 and Figure 5, SRS is kept in the last OFDM symbol, while in Figure 6, SRS is moved to the first OFDM symbol with the potential benefit that the LBT gap in all the subframes is at the same location.


Figure 4 SRS and PUSCH with separate LBT gaps


[bookmark: _Ref442394944]Figure 5 SRS and PUSCH with shared LBT gap – example 1


Figure 6 SRS and PUSCH with shared LBT gap – example 2
In the case SRS and PUSCH share the same LBT gap, the next question is what a UE should transmit during the SRS symbol when the UE has a PUSCH allocation but no SRS allocation, as continuous transmission should start immediately after a successful LBT procedure. One can identify two options:
· UE transmits a reservation signal that is orthogonally multiplexed with SRS and is shared among all UEs with PUSCH allocation but without SRS allocation.
· UE transmits an SRS signal. SRS resource allocation mechanism is for further studies; e.g. it may be by aperiodic SRS triggering.
Using reservation signal as in the first option may occupy less resources but the transmission would not be used for anything useful at eNB. On the other hand, transmission of SRS would improve CSI obtained based on PUSCH DMRS. Additionally, it would not require a large portion of SRS resources, as the number of UEs scheduled with PUSCH is quite limited. As a rough estimate, as low as 10% of SRS resources may be sufficient to accommodate UEs with PUSCH allocation, depending of course both on LAA SRS design as well as on LAA PUSCH design.
Returning to the question on whether SRS and PUSCH would share the same LBT gap or not, one can note the designs lead to different LBT related overhead. One LBT gap per SRS subframe is sufficient for the shared LBT gap approach, whereas in the separate LBT gap approach, an additional SC-FDMA symbol needs to be reserved for the second LBT gap. As the increase in the SRS usage in the shared LBT gap approach is relatively small, the separate LBT gap approach leads to higher LBT related overhead  
Further, an SRS specific LBT gap means that the LAA SCell may lose channel access to another system both during the SRS LBT gap as well as the PUSCH LBT gap before a scheduled PUSCH subframe whereas with shared LBT gap, there are less chances (less LBT gaps) of losing channel access. 
Based on the discussion, we prefer that SRS and PUSCH share the same LBT gap, and UEs with PUSCH allocation transmits also SRS during the SRS symbol.
Proposal 5: SRS transmission and the PUSCH transmission immediately following SRS share the same LBT gap.
Proposal 6: UE with following PUSCH allocation transmits SRS signal during the SRS symbol. 

Regarding the location of the LBT gap, the most natural way is to have the LBT gap located either in the first OFDM symbol or in the last OFDM symbol in a subframe (or the second to last if the last symbol is SRS). As discussed earlier, the presence/absence of LBT gap for a given subframe may be signaled dynamically to the UE and depend e.g. on the eNB scheduling decisions whether a new UE (i.e. UE not transmitting on preceding PUSCH) is scheduled to transmit or not. When the LBT gap occurs toward the end of a subframe, the scheduling decisions for the coming subframe need to be known already when the eNB creates DL control signaling for the preceding subframe. On the other hand, if the LBT gap is in the first OFDM symbol, the eNB only needs to know the scheduling decisions for the current subframe and the previous subframe, which would greatly simplify the eNB scheduler implementation.
Observation 1: Having the potential LBT gap in the first OFDM symbol allows easier support of dynamic signaling of the presence of LBT gap in a subframe.
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.
Although the ED threshold for UL LBT can be defined largely follow that for DL LBT, there are some differences between DL and UL that should be considered.
First of all, there is power control for UE on UL. In majority of the cases, the UE would not use the full power for transmission (in many cases much lower than the full power), especially considering that LAA is targeting at small cell scenarios. This is very different from LAA DL, where the eNB typically uses full power when transmitting. If the UE maximum transmit power instead of the actual transmit power per UE UL burst is used to calculate the ED threshold, it would result in a much lower threshold, which greatly reduces the channel access probability. This would put unnecessary constraint on LAA UL LBT considering the possible low UE transmit power, which corresponds to a lower interference level the UE would cause to other transmissions. So it is more appropriate to use the actual transmit power for UL.
Secondly, we agreed that a higher ED threshold can be used for DL LBT if the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation). To maintain the same principle, the ED threshold for UL LBT should be adjusted in a similar way. However, the UE does not know whether there is any other technology, so the eNB should signal it to the UE.
Another flexibility that is worth considering is to provide a configurable offset (negative) that is signalled from the eNB to the UE, and the UE applies this additional offset when calculating the ED threshold. This allows the eNB to have the tool to adjust the UL ED threshold lower when it sees such a need for any reason (e.g. when a hidden node is detected).
Proposal 7: The calculation of ED threshold for UL PUSCH should follow that of DL PDSCH, with the following modifications/enhancements:
· Use the actual transmit power per burst instead of the maximum transmit power
· The eNB signals the UE the absence of any other technologies.
· An optional offset can be configured by the eNB to the UE.
 
3. Multi-carrier channel access
We recommend using a single slot CCA sensing in single-carrier UL transmission. In multi-carrier UL scenario, it basically means that all the UL carriers should do a single-slot CCA sensing at the same time before the intended transmission time. On each carrier, it can simply follow the single-carrier LBT procedure.
Proposal 8: Assuming that a single slot CCA sensing is adopted for single-carrier UL LBT, the UE should perform independent LBT by following the single carrier LBT procedure on each carrier.
In case a Cat-4 LBT scheme is adopted, the multi-carrier LBT for DL can be directly reused for UL.
4. [bookmark: _GoBack]LBT for UL grant only transmission
In self-scheduling case, it may occur that the eNB needs to transmit UL grant only on the DL, e.g. when the cell is UL traffic heavy. This is not supposed to be a frequent event. But when this occurs, we should support a fast LBT scheme for UL grant only transmission so that the overall channel access opportunity would not be too small considering that two LBT are needed for a UL transmission in this case. Furthermore, UL grant is also one kind of control signaling. Therefore it is proposed that UL grant only transmission follows the same LBT scheme as DRS.
Proposal 9: A DL transmission with UL grant only should follow the same LBT scheme as DRS.

5. Conclusion
In this contribution, we discussed the LBT procedure to support LAA UL, and proposed the following:  
Proposal 1: When UL LBT is performed, a single CCA slot sensing is adopted as the channel access scheme for UL transmission for all the priority classes, for both self-scheduling and cross-carrier scheduling.
Proposal 2: When UL LBT is performed, the value of maximum channel occupancy time for each priority class is defined the same as in DL, and is applicable for a UL transmission burst from each UE perspective. 
Proposal 3: Transmission without LBT should be further considered when UL transmission burst follows DL transmission burst with a gap of at most 16 µs between the two bursts. In this case, the maximum channel occupancy time defined in Rel-13 would be applied on the combined DL and UL transmission burst.
Proposal 4: For UL LBT, both one LBT per subframe and one LBT for multiple subframes should be supported.
Proposal 5: SRS transmission and the PUSCH transmission immediately following SRS share the same LBT gap.
Proposal 6: UE with following PUSCH allocation transmits SRS signal during the SRS symbol. 
Proposal 7: The calculation of ED threshold for UL PUSCH should follow that of DL PDSCH, with the following modifications/enhancements:
· Use the actual transmit power per burst instead of the maximum transmit power
· The eNB signals the UE the absence of any other technologies.
· An optional offset can be configured by the eNB to the UE.
Observation 1: Having the potential LBT gap in the first OFDM symbol allows easier support of dynamic signaling of the presence of LBT gap in a subframe.
Proposal 8: Assuming that a single slot CCA sensing is adopted for single-carrier UL LBT, the UE should perform independent LBT by following the single carrier LBT procedure on each carrier.
Proposal 9: A DL transmission with UL grant only should follow the same LBT scheme as DRS.
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