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1. Introduction 
A new work item on ‘enhancements to LTE operation in unlicensed spectrum’ was approved in RAN Meeting #75 [1]. The objective of the new WI from RAN1 perspective is twofold:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item
This contribution is about the second objective, especially on the resource allocation aspects for autonomous UL access. In this contribution, we use AUL and SUL, as short for autonomous UL and scheduled UL, respectively, for simplicity. 
2. Configuration, activation/deactivation mechanism 
The eNB can configure UEs to enable the AUL access. The configuration can be done via higher layer signaling. The configuration can include but not limited to:
· Time domain resource that is allowed for AUL access
· For instance, it can be a set of subframes within a frame. By designating a set of subframes allowed for AUL access, the eNB can know in which subframes it expects to receive AUL transmissions and, thereby, better manage the SUL along with AUL. 
· HARQ process IDs that are allowed for AUL PUSCH transmission
· The rationale is similar to the above time domain resource configuration. By designating a set of HARQ process IDs allowed for AUL access, the eNB can better manage the SUL along with AUL. Further details regarding the HARQ aspects is discussed in our companion paper [2].
· DMRS configuration
· The eNB can assign DMRS configurations to avoid DMRS collision between the AUL UEs. 
Proposal 1: The eNB configures UEs the AUL mode via higher layer signaling. The attributes of the configuration is FFS. 
For a UE configured with AUL via higher layer signaling, the following options can be considered to activate/deactivate the AUL mode for UE:
· MAC CE based activation/deactivation
· This option is considered more reliable due to the protection via HARQ.
· DCI based activation/deactivation
· This option is considered more prompt than the MAC CE based activation/deactivation option. However, it is possible that the activation/deactivation DCI is not correctly decoded at the UE. Therefore, handling of an error case may be needed.
For either option above, additional information can be contained in the activation message. For instance, the MCS/PMI for AUL transmission can be indicated. Frequency domain resource allocation, i.e., in terms of interlace, can be included as well.  
Proposal 2: The MAC CE or DCI based options can be considered for AUL mode activation/deactivation. [One to be selected.] Additional information, e.g., MCS, PMI, can be included in the activation message. 
3. Resource allocation and multiplexing 
3.1. Resource allocation for AUL
Considering that the traffic to be served on the unlicensed spectrum is bulky and less delay sensitive, e.g., FTP traffic, TDM based channel access can be considered as a baseline. In this TDM based channel access, all interlaces of the LAA SCell are used by one UE.    
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Figure 1: TDM operation of AUL access

On the other hand, it can be also considered to allow FDM of AUL transmissions. 




Figure 2: Interlace assignment to different UEs for FDM’ed AUL access

The FDM has a benefit in terms of its efficiency in transmitting small packets. By allowing multiple UEs to transmit at the same time, the latency can be minimized as well. However, in the case of FDM, the blocking issue between different UEs needs to be considered. In other words, if one UE starts transmitting early in a subframe, the UE can block other UEs accessing in the same subframe. 
Proposal 3: Both TDM and FDM can be considered for AUL multiplexing. 
3.2. Mechanisms to enable efficient multiplexing 
As discussed in Section II, a UE can be configured via higher layer signaling on the time domain resources that is allowed for AUL transmission. With this distinction, the eNB can have some level of controllability to coordinate the SUL and AUL transmissions. However, the eNB can transmit DL or schedule UL transmissions in a subframe, which is configured for AUL transmission as well. For such cases, there is a need to consider how to avoid collisions between the scheduled transmissions and AUL. It is also possible that the AUL transmissions can collide with each other. In this regards, we suggest the following mechanisms to enable more efficient multiplexing of different types of transmissions.
· AUL UEs to utilize the UL burst duration indication in common PDCCH
· According to the Release 14 eLAA design, the UL burst duration is indicated in the common PDCCH. If the UL burst duration is indicated, an AUL UE may refrain to access the channel during the indicated duration to avoid collision with SUL in the eNB’s MCOT.
· AUL to have an offset to start PUSCH transmission
· An AUL transmission may begin within symbol 0 with some random offset. The UEs are expected to perform self-defer until the chosen starting instance. With this random offset, the collision between TDM’ed AUL transmissions can be avoided to some degree. Also with this random offset, the collision with the eNB’s DL transmission or the SUL transmission outside of the eNB’s obtained MCOT can be avoided.
· However, in the case of FDM’ed AUL transmission, the use of random offset can induce unintended blocking between UEs. For instance, a UE starting transmission earlier can make the LBT failed at the UEs who have chosen a relatively longer random offset. Therefore, in the case of FDM’ed AUL transmissions, a common offset is necessary. This common offset can be signaled to UEs. 

Proposal 4: Mechanisms to enable efficient multiplexing of different types of transmissions and to avoid collisions are needed to be considered. 
4. Control signaling for autonomous UL 
4.1. Downlink control information
An existing DCI format can be reused for the purpose of transmitting downlink control information for AUL in order to not to increase the UE’s blind detection overhead. In order to distinguish with the existing DCI format, a new RNTI can be introduced for the purpose of AUL, which is UE-specific. 
[bookmark: _GoBack]The DCI for AUL can include the HARQ-ACK feedback for AUL PUSCH transmissions. The MCS, PMI, and UL power control information can be included as well. In addition, the interlace allocation can be included for FDM’ed AUL. If all interlaces are allocated, then it naturally becomes TDM’ed AUL access. 
As discussed in Section II, the AUL mode activation/deactivation may also be done via DCI. In that case, the activation/deactivation DCI may reuse the same DCI format with the DCI for AUL with additional bit field to differentiate the normal DCI for AUL from the AUL activation/deactivation DCI.  
Proposal 5: The DCI for AUL contains at least MCS, PMI, and UL power control for AUL transmission. A new UE-specific RNTI is introduced to scramble the DCI.
4.2. Uplink control information
A UCI for AUL can be transmitted in the AUL PUSCH. At least C-RNTI for UE identification, HARQ process ID, NDI, and RV for the current PUSCH are needed to be included in each subframe. The UCI for AUL can be scrambled with a cell specific pre-defined value since the eNB cannot know the transmitting UE ID until it can decode the UCI. In addition, it can be considered to signal the remaining channel occupancy time of the AUL UE in the UCI. The possible usage of the remaining channel occupancy time indication is further discussed in our companion paper [3]. It can be further discussed whether the UCI transmitted in AUL PUSCH can also include the A-CSI feedback or HARQ-ACK feedback for PDSCH. 
Proposal 6: The UCI in AUL PUSCH contains at least C-RNTI of the UE, HARQ process ID, NDI, and RV for the current PUSCH. The UCI is scrambled with a cell specific pre-defined value. 
5. Conclusion
In this contribution, we discussed the resource allocation aspects for autonomous UL access and derived the following proposals.

Proposal 1: The eNB configures UEs the AUL mode via higher layer signaling. The attributes of the configuration is FFS. 
Proposal 2: The MAC CE or DCI based options can be considered for AUL mode activation/deactivation. [One to be selected.] Additional information, e.g., MCS, PMI, can be included in the activation message. 
Proposal 3: Both TDM and FDM can be considered for AUL multiplexing. 
Proposal 4: Mechanisms to enable efficient multiplexing of different types of transmissions and to avoid collisions are needed to be considered. 
Proposal 5: The DCI for AUL contains at least MCS, PMI, and UL power control for AUL transmission. A new UE-specific RNTI is introduced to scramble the DCI.
Proposal 6: The UCI in AUL PUSCH contains at least C-RNTI of the UE, HARQ process ID, NDI, and RV for the current PUSCH. The UCI is scrambled with a cell specific pre-defined value. 
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