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1
Introduction
At RAN#75, a new WI on further enhancements to unlicensed spectrum operation for LTE was approved in [1]. One of the objectives of the WI is to specify the support for multiple starting and ending positions for eLAA: 

· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]

· (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 [RAN1, RAN2, RAN4]

· The work item should also specify base station and UE core requirements to support the above features [RAN4]

In this contribution, we discuss possible enhancements to UL LAA operation to enable autonomous UL access, focusing especially on resource allocation and configuration. 

2. Re-using SPS framework for autonomous UL Access
As one reference design, the Rel-14 Work Item “L2 latency reduction techniques for LTE” introduces a few enhancements facilitating autonomous UL (AUL) transmission.
· The UE can skip UL transmission on PUSCH when there is no UL data in the transmit buffer
· New, shorter SPS periodicities are introduced: 1ms, 2ms, 3ms, 4ms, 5ms
· Introduction of feedback for SPS activation, reactivation and deactivation command
· Possibility to configure non-adaptive retransmissions to use either a fixed RV0, or a changing RV
In our view, SPS with UL skipping can be the basic way to support autonomous UL transmission in unlicensed spectrum. The eNodeB retains full control of e.g. MCS selection, which UL resources may be used for AUL transmission and which UEs are allowed to perform autonomous transmissions. SPS-like transmission procedure can be reused as much as possible to simplify the specification effort. However, some changes to SPS resource allocation framework will be needed to accommodate the key characteristics of FS3.
Observation #1: SPS with UL skipping can be the basic way to support autonomous UL transmission in unlicensed spectrum.
As illustrated in Figure 1, SPS-like transmission procedure can be reused to support autonomous UL access in unlicensed spectrum:
· eNB configures autonomous resource pools (resources in time/frequency-domain) for autonomous UL access to the UE with RRC signaling
· Autonomous transmissions are activated by the eNB via PHY signaling (DCI)
· The UE sends an acknowledgement to the eNB when it receives the activation signaling
· UE may perform autonomous transmission on the configured resources, if LBT succeeds
· eNB feeds back HARQ-ACK information of received autonomous transmissions
· The eNB can deactivate autonomous UL transmissions via PHY signaling
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Figure 1. Autonomous UL access based on SPS framework.
3. Resource allocation for autonomous access
3.1
Time-domain resource allocation

Although SPS framework serves as a good basis for autonomous transmissions with FS3, some changes and enhancements to the resource allocation will be necessary. While the aim of autonomous UL transmissions is to increase the number of opportunities for the UEs to transmit in the UL, some time-domain restrictions for when the transmissions may occur will still be necessary. SPS relies on strictly periodic configuration of subframes where UL transmissions may occur, but on unlicensed carriers this seems to be too restrictive. As an example, the network may want to prevent autonomous UL transmissions from happening during times when DRS are transmitted (i.e. during the DMTC window), but ensuring that may not be easy with purely periodic configuration of time domain resources for autonomous transmissions.  Also, it may be preferable to allocate a set of contiguous subframe for AUL, allowing for a UE to transmit larger amounts of data in a burst. Therefore, we see that more flexibility is needed. An efficient way of indicating in which subframes autonomous UL access is allowed would be to use a bitmap of e.g. 40 bits, (similarly as in e.g. eICIC) allowing for the network to control autonomous UL transmissions in a very flexible manner.  

Proposal #1: The candidate subframes for autonomous UL transmissions are indicated with an RRC configured bitmap.
The current SPS framework supports in addition to RRC configuration of the periodic resource also dynamic activation deactivation and re-activation of SPS transmissions via DCI messages using a specific SPS RNTI. Such DCI is also used for indicating the frequency domain resources for SPS transmission, as well as MCS and a few other transmission properties. We see that similar flexibility is necessary also with FS3, and propose that dynamic activation, deactivation and reactivation of autonomous UL access is supported via DCI using a specific RNTI. This results in operation shown in Figure 2, a length-40 bitmap firstly indicates the candidate subframes for autonomous UL access, and activation deactivation signaling via DCI is used for activating or deactivating the allocation.  
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Figure 2. Time domain resource allocation of subframes for autonomous UL access.
Proposal #2: Autonomous UL access supports dynamic activation, deactivation and reactivation via DCI using a new, UE-specific RNTI.

In addition to the RRC-configured candidate subframes, and SPS activation/deactivation mechanisms, we see that there need to be also more dynamic means for restricting autonomous UL transmissions. One such aspect is co-existence with scheduled UL transmissions. Given the static nature of RRC configuration, there will be occasions where a given subframe may be indicated to be a candidate to autonomous transmission, but the network would want to schedule DL or UL data in such occasions. We see that co-existence with scheduled transmissions needs to be carefully considered when defining the channel access mechanisms for Autonomous UL. Related details are discussed in [2].
Observation #2: Channel access design for AUL should also take into account the co-existence of scheduled and autonomous UL transmissions.  

Simultaneous scheduled (either dynamically or semi-persistently) and autonomous UL transmission may often occur unexpectedly as the eNodeB cannot have certainty of whether UE performs an autonomous transmission or not until it has taken place. This may result in issues with uplink power control, as the transmit power may need to be split between the scheduled and the autonomous transmissions. In some occasions, guaranteeing sufficient coverage for the critical scheduled licensed band signals might be compromised due to power back-off that the UE would need to do because of autonomous transmissions. Moreover, when scheduled and autonomous UL transmission occur on the same carrier, there may be a possibility for confusion in the selection of UL HARQ-process identity (i.e. the same ID could be chosen for both GUL and SUL). 
Another problem is that in the case of CA of unlicensed CCs, if a UE is scheduled in UL on one carrier (Carrier A) in subframe n, autonomous transmission on another carrier (Carrier B) in subframe n-1 or n could in some cases prevent the UE from performing the necessary channel access procedure on Carrier A (i.e. Listen-Before-Talk) and hence also block the UL transmission for carrier A. 
In order to mitigate the above issues, we see that co-existence of scheduled and autonomous transmissions (on the same and different carriers) should be studied, and limitations (such as dropping of autonomous transmissions in the case of a collision with scheduled UL) should be considered.
Proposal #3: RAN1 should study mechanisms to limit autonomous UL transmissions when simultaneous scheduled transmissions occur on the same or different carriers. 
3.2
Frequency-domain resource allocation

As for allocation of resources in frequency domain, we see that autonomous UL access should support both wideband as well as FDM resource allocations (i.e. allocation of less than all ten interlaces). Full band allocations maximize throughput of a single user, and collisions between users can potentially be avoided by proper design of the channel access procedure as discussed in [4]. On the other hand, FDM allocation are useful for small packet transmissions e.g. during TCP slow start phase where autonomous access allows for skipping the scheduling request procedure before the first data transmission. With FDM, the likelihood of collisions can be managed by properly assigning the frequency domain resources for different users. Moreover, FDM facilitates co-existence of scheduled and autonomous UL transmissions in a subframe. The resource allocation can be given with the DCI activating autonomous access. 
Proposal #4: Frequency domain resources (i.e. interlaces) for autonomous UL access are indicated with the activation DCI. 
3.3
Modulation and coding scheme

In conventional LTE operation, including Semi-Persistent Scheduling, the network is in full control over the modulation and coding scheme selection. This is rather logical, since the eNodeB is the network node having most complete picture of the system load and channel conditions at a given point in time. Therefore, we propose that the same principle is kept also with autonomous UL access, and eNodeB retains full control over the MCS selection. MCS can be indicated to the UE using SPS -like signaling in the activation DCI.
Proposal #5: Modulation and coding scheme is indicated to the UE with activation DCI. 
4
Summary
In this section, we summarize the observations and proposals made in this contribution:
Observation #1: SPS with UL skipping can be the basic way to support autonomous UL transmission in unlicensed spectrum.
Proposal #1: The candidate subframes for autonomous UL transmissions are indicated with an RRC configured bitmap.
Proposal #2: Autonomous UL access supports dynamic activation, deactivation and reactivation via DCI using a new, UE-specific RNTI.

Observation #2: Channel access design for AUL should also take into account the co-existence of scheduled and autonomous UL transmissions
Proposal #3: RAN1 should study mechanisms to limit autonomous UL transmissions when simultaneous scheduled transmissions occur on the same or different carriers. 
Proposal #4: Frequency domain resources (i.e. interlaces) for autonomous UL access are indicated with the activation DCI. 
Proposal #5: Modulation and coding scheme is indicated to the UE with activation DCI. 
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