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1. [bookmark: Source]Introduction
In RAN1#80bis, there were some agreements for LAA UL on the UL waveforms and SRS transmission [1]. In this contribution, we discuss the detailed LBT scheme for LAA UL, and the frame structure design for LAA with DL and UL. Note that another contribution on LBT and frame structure for LAA DL-only is given in [2]. 

2. [bookmark: _Ref410047471]LBT Scheme for LAA UL
Generally, there are two alternatives about whether UE or eNB should perform LBT for LAA UL transmission.
Alternative 1: UE performs LBT before UL transmission
For this alternative, each UE, as the transmitter, is required to perform LBT when it is scheduled with UL transmission. This alternative clearly complies with European regulation requirements. When the LBT succeeds, the UE could transmit its data to the eNB. 
However, for self-scheduling, this alternative would result in reduced channel opportunities as two successive LBTs are required, that is, the LBT conducted by the LAA eNB before UL grant transmission, and the LBT conducted by the UE before UL data transmission. This is completely different from Wi-Fi system where there is only one LBT is required due to its distributed medium access. Hence, this may put LAA UL at disadvantageous positions when LAA coexists with Wi-Fi system. 
In the following, we will discuss the several approaches to address the above issue for LAA UL:
· UL grant sent using cross-carrier scheduling from licensed carrier
· In this case, the UL grants come from the licensed carrier, based on which the UE could perform LBT before its UL transmission. This means only one LBT operation is required for LAA UL. However, there is scalability issue for the cross-carrier scheduling when the number of unlicensed carriers is large. Considering the fact there are more than 20 carriers available at 5GHz, this scalability issue could not be neglected. Further when the licensed carrier is a TDD carrier, cross carrier scheduling has serious limitation on the number of schedulable UL subframes, unless multi-subframe/cross-subframe scheduling is introduced. 

· Increased UL scheduling opportunities
· When the UE successfully receives a UL grant but fails its LBT, it could not initiate its UL transmission. This clearly results in resource waste as the resource allocated to the UE could not be allocated to another UE. Hence it is better to increase UL transmission opportunities when this happens. One such example is to schedule a group of UEs to contend the same UL resources but with different CCA timing instant. Even if one UE with the preceding CCA timing could not occupy the channel, other UEs with the latter CCA timing still have chances for uplink transmission. In order to achieve this, the eNB need to send multiple UL grants to multiple UEs targeting the same UL resources. However, note that each UE is required to detect and differentiate whether the channel is already occupied by other UEs belonging to the same group or not, which might increase UE detection complexity. 
  
[bookmark: _GoBack]Alternative 2: eNB performs LBT for UL transmission of UE
This alternative allows the eNB to perform LBT on behalf of the UE. When the eNB senses the channel free, it could transmit UL grants to its UEs and hold the channel (or transmit data on DL) till the UEs begin their own UL transmission. This operation does not comply with European regulations, but could be applied in other regions, e.g. Japan. However, there are following issues with this alternative. 
· The overall channel duration time consists of both the DL and the UL occupancy time, which may result in pretty short channel duration time for each direction. Typically, in Japan, only maximum 4 milliseconds are allowed. For this approach to work well, the latency between UL grant and UL data transmission needs to be reduced from the current 4 ms to a smaller value. Otherwise additional LBT needs to be conducted by the eNB between the grant and the UL data transmission. Moreover, even if the latency is reduced, the maximum channel occupancy time can be too short to be efficient to cover both DL and UL transmissions.
· The channel sensing results at the eNB and the UE may be different, which may impact LAA UL performances. 

Note that the LBT flexibility is possible in regions where no detailed LBT regulatory requirements exist. However, at least in Europe, eNB performing LBT for UE UL transmission is not allowed currently. If the UE is required to perform LBT before UL transmissions in Europe, it would be preferable to use this assumption for the design in general in order to achieve a single global solution framework. Note that eNB performing LBT for UE and UE performing LBT by itself most likely will result in very different design. In any case, we think it is important to reach a consensus/conclusion on this issue before proceeding further with the design considering its significant design impacts.
Proposal 1: It should be discussed and concluded whether to allow the eNB to perform LBT on behalf of the UE for UL transmissions before more detailed UL LBT design are studied.

3. LAA frame structure for UL/DL 

Assuming that we follow the Europe regulation requirements, if a UE is scheduled UL data transmission, the UE must carry out the listen-before-talk procedure before UL transmission. Currently, there are mainly two types of UL frame structures: FBE-based (category 2) and LBE-based (category 3/4). 
LBE in general has advantages over FBE in terms of the fairness in accessing the channel. However, it poses obvious difficulties in LAA UL design where the centralized UL scheduling is done at the LAA eNB, as illustrated in the following: 
· If it is allowed that each UE transmits UL data as soon as the CCA or ECCA succeeds, it can be difficult for the eNB as it is not aware of the exact time when the UL data begins. Moreover, each UE may have different sensing results and different UL data transmission starting positions.   
· All the UEs scheduled in the same UL subframe would contend for the channel and start CCA simultaneously, and could have different sensing results. Hence it may happen often that one UE is undergoing the channel sensing while other UEs are transmitting data. The impact of intra-cell signals on the channel sensing would need to be addressed; otherwise, one UE starting the data transmission may cause (E)CCA check failure for all the other UEs and thus preventing them from transmitting data. This is considered as a big drawback because it prevents multiple UEs being scheduled using FDM simultaneously.
On the other hand, the FBE-based approach may allow a simpler UL design:
· With FBE, all scheduled UEs of the same cell would perform CCA check at the same fixed time instant simultaneously over every fixed period. This could avoid the issue where one UE is sensing the channel while another UE of the same cell is transmitting uplink data.
· With the fixed frame period, the starting point of the UL data transmission (if CCA check succeeds) is deterministic and hence known to the eNB. The eNB only needs to determine whether the UE transmits or not.

From the above analysis, FBE-based and LBE-based channel access approaches for UL both have their own pros and cons. It needs to be investigated further which one is more appropriate for UE channel access, taking into account the technical challenges each approach presents. 
Observation 1: FBE-based and LBE-based approaches have their own pros and cons for LAA UL. Further investigation is needed to determine which one the UL should follow. 
It should be noted that LAA DL and UL do not have to use the same approach. From regulatory point of view, the eNB and the UE are two devices, and each device has the freedom to choose either FBE or LBE. For an LAA carrier that has both DL and UL, it is also possible to design the frame structure properly so that DL and UL using different approach can fit in the same design.
Observation 2: DL (eNB) and UL (UE) in LAA can choose FBE or LBE separately.

To support both DL and UL for LAA, one possible approach is to reuse the existing LTE frame structure type 2 (TDD) or reuse the concept and define new configuration(s). By following the basic structure of the LTE frame structure type 2, the guard time defined in Special subframe could still serve the same purpose for DL-to-UL switching in LAA. If existing configurations are reused, the corresponding scheduling and HARQ timing could be reused as well.
LTE TDD frame structure 2 can be adapted relatively easily to support FBE in LAA UL. In order to comply with FBE-based regularity requirements, UEs perform CCA at fixed time instant in every period. One example of an UL/DL frame structure to support FBE in UL is shown in Fig. 2. Specifically, 
· For UEs scheduled at the U1 uplink subframe following the Special subframe, the CCA time instant is located at the last symbol of the UpPTS of Special subframe. 
· It is assumed that the last symbol of the Special subframe is not used for SRS or PRACH. 
· For UEs scheduled at the U2 and U3 subframes, the CCA time instant is located  at the first symbol of the U2 subframe. These UEs could be scheduled continuously in subframes U2 and U3 via multi-subframe scheduling, or at the U2 subframe only. 
· This example is to show that multi-subframe scheduling can reduce the need for channel sensing. Alternatively, channel sensing can occur in each subframe, or channel sensing can occur only before U1 and all three UL subframes are scheduled together using multi-subframe scheduling.
· Once CCA succeeds, each UE could transmit a short preamble signal to occupy the channel immediately within the remaining fractional OFDM symbol. This ensures that the UEs served by other eNBs or Wi-Fi nodes would sense the channel occupied. 

Instead of defining fixed UL/DL configurations, the above example could be further extended to support a flexible UL/DL configuration, meaning that each subframe can be flexibly used as a DL or UL subframe based on the DL/UL traffic load. In this case, the scheduling and HARQ timing would need to be re-considered.



[bookmark: _Ref402873799][bookmark: _Ref402873794]Fig. 2 FBE-based frame structure for LAA based on LTE TDD

4.  Conclusion
In this contribution, we discuss LBT design for LAA UL, and make the following observations and proposal: 
Proposal 1: It should be discussed and concluded whether to allow the eNB to perform LBT on behalf of the UE for UL transmissions before more detailed UL LBT design are studied.
Observation 1: FBE-based and LBE-based approaches have their own pros and cons for LAA UL. Further investigation is needed to determine which one the UL should follow. 
Observation 2: DL (eNB) and UL (UE) in LAA can choose FBE or LBE separately.
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