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1 Introduction
In RAN1 #90 meeting [1], the resource allocation issues for autonomous UL (AUL) access were discussed and it was agreed that: 
Agreements:
· AUL operation is UE specifically RRC configured

· The time-domain resources for AUL operation are RRC configured

· FFS: configuration details (e.g. subframe bitmap or a periodic configuration, etc.)

· Activation and deactivation of AUL operation is supported using a DCI with its CRC scrambled with a specific RNTI

· FFS which DCI format 
· FFS whether the RNTI is the SPS RNTI or a new RNTI

· FFS: additional limitations to AUL subframes e.g. depending on scheduled transmissions

· FFS: whether in addition to the RRC configured subframes also other subframes can be dynamically enabled for AUL

· Frequency domain resources (i.e. interlaces) for AUL transmissions are indicated to the UE by the eNodeB via the Activation DCI 

· The MCS of AUL transmissions is indicated to the UE by the eNodeB via the Activation DCI
In this contribution, we discuss the detailed resource allocation design, including the configuration of time domain resources, the additional rules besides semi-statically configured resources, and the necessity of supporting partial subframe for AUL.
2 Time domain resource configuration
The resource allocation for AUL is similar to the legacy SPS resource allocation mechanism. In legacy SPS mechanism, the periodicity of the SPS resources can be configured by RRC signaling. The SPS transmission is enabled once the UE receives the DCI scrambled by SPS C-RNTI activating or reactivating the SPS. The frequency resources and MCS could also be informed by the activation DCI. The SPS transmission is disabled when the UE receives the SPS C-RNTI scrambled DCI releasing the SPS. MAC control element is fed back as the acknowledgement for receiving the SPS activation/release DCI. DCI format 0 is used by SPS mechanism as activation/deactivation DCI, which assigns only one subframe within each SPS period. This means the allocated subframes are not contiguous if the periodicity is larger than 1ms. For AUL transmission, multiple subframes should be allowed to be allocated per periodicity of larger than 1ms to allow persistent channel occupancy. Following two options can be considered.
Opt.1: Multiple subframe scheduling via activation DCI. In this option, the time domain AUL resources could be dynamically allocated by the activated DCI for allocation flexibility. In addition, for AUL UEs multiplexed in a FDM manner, the AUL UE which already occupies the channel may block the channel access of another AUL UE for which the UL traffic arrives later. The activation DCI could also be used to indicate the starting position or ending symbol so that gap(s) between contiguous subframes can be configured within per periodicity.
[image: image1.emf]Valid AUL subframes

……

AUL period


Figure 1. Multiple subframe scheduling via activation DCI
Opt.2: Bitmap based resource allocation via RRC. In this option, a large periodicity, e.g. 40ms could be configured by the RRC, and another RRC signaling can be newly introduced to configure a bitmap for each of the 40 subframes. As compared to Opt.1, Opt.2 is less flexible on the value of periodicity, e.g., considering fixed bit number would most likely to be specified for the field of the bitmap, if the AUL periodicity is configured to be shorter or longer than 40ms, then the bitmap pattern may not match well with the AUL periodicity. 
Proposal 1: Multiple subframe scheduling via activation DCI could be used to allocate contiguous AUL channel occupancy in a periodicity. 
3 Co-existence with DL and scheduled UL (S-UL)
The AUL UE will have contention with the eNB as well as other scheduled UEs when performing the LBT. As considering critical control information and reference signals are included in the DL transmissions, DL should have higher priority than the AUL in channel access. E.g., the starting position of the AUL burst could be delayed to be later than OS 0 to avoid collision with DL.
To share the benefits of fast channel access, AUL should also be allowed to transmit within the eNB acquired MCOT. Therefore, legacy UE with S-UL transmission should also be protected to provide fair co-existence. Therefore, the co-existence with DL and S-UL should be studied for AUL UE to determine the available AUL resources. E.g., the starting position of the AUL burst could be delayed to be later than 25us to avoid collision with S-UL as the S-UL can be scheduled to be starting at 25us after OS0 to take higher priority. Therefore, the starting position of AUL within the eNB acquired MCOT should be earlier than the AUL outside the eNB acquired MCOT.
In addition, to avoid blocking the eNB’s sensing for DRS, it could be considered to disallow the UE to transmit AUL PUSCH within the DMTC window. The UE should avoid to transmit AUL during the DMTC window regardless of the RRC and/or activation DCI configured time domain resources.
Proposal 2: The starting position of the AUL burst outside the eNB acquired MCOT could be later than OS 0 to avoid collision with DL.
Proposal 3: The starting position of AUL burst within the eNB acquired MCOT could be later than 25us after OS0 to avoid collision with S-UL.

Proposal 4: To avoid blocking the eNB’s sensing for DRS, the UE should not transmit AUL during the DMTC window regardless of the RRC and/or activation DCI configured time domain resources.
4 Starting/ending partial subframe for AUL
Starting partial subframe
For S-UL mode 1, the eNB could schedule the 1st subframe with conservative MCS while the remaining subframes of the S-UL burst with normal MCS. For AUL, however, the MCS for AUL is semi-statically configured, thus same TBS is applied for each subframe within the AUL burst. Therefore, conservative scheduling like S-UL mode 1 starting partial is not feasible for AUL as it is not likely for the eNB to configure all AUL subframes with a conservative value which may lead to degradation of AUL performance. 
For mode 2 starting partial subframe, as the 0.5ms time may be too short for the UE to re-generate the packet matching the 2nd slot of the subframe when the LBT fails on the beginning of the 1st slot, it is also not likely to support mode 2 starting partial subframe for AUL.

Ending partial subframe
Since starting partial subframe is not likely to be applied, the introduction of ending partial subframe for AUL would cause inefficient utilization of the MCOT as the MCOT length is an integral value. However, allowing ending partial subframe may leave one slot gap for eNB to perform DL LBT, which may be helpful for DL channel utilization.
Proposal 5: There is not strong motivation to introduce starting partial subframe. 
· The introduction of ending partial subframe for AUL can be FFS.
5 Conclusions:
In this contribution, we discuss the detailed resource allocation design, including the configuration of time domain resources, the additional rules besides semi-statically configured resources, and the necessity of supporting partial subframe for AUL. Finally, the following are proposed: 
Proposal 1: Multiple subframe scheduling via activation DCI could be used to allocate contiguous AUL channel occupancy in a periodicity. 
Proposal 2: The starting position of the AUL burst outside the eNB acquired MCOT could be later than OS 0 to avoid collision with DL.
Proposal 3: The starting position of AUL burst within the eNB acquired MCOT could be later than 25us after OS0 to avoid collision with S-UL.

Proposal 4: To avoid blocking the eNB’s sensing for DRS, the UE should not transmit AUL during the DMTC window regardless of the RRC and/or activation DCI configured time domain resources.
Proposal 5: There is not strong motivation to introduce starting partial subframe. 

· The introduction of ending partial subframe for AUL can be FFS.
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