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1. Introduction

In RAN#75 meeting [1], the proposal for enhancing Rel-13 and Rel-14 licensed-assisted access (LAA) operation was approved as Rel-15 LTE work item. According to the work item description document [2], the topic to be initiated in RAN1#90 is as follows:

· Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item.

In this contribution, we provide our views on resource allocation and control signalling for autonomous UL access.
2. Resource allocation for autonomous UL access in LAA
In Rel-14 eLAA [3], it was shown that Wi-Fi UL outperforms LAA UL not only because of duplicated LBT form both of eNB for UL grant and UE for PUSCH but also because of the latency from UL grant to PUSCH. Thus, it is obvious that LAA UL performance can be improved if we allow autonomous UL access (AUA) in LAA without UL grant.
It is noted that LTE system already supports semi-persistent scheduling (SPS) for which eNB pre-allocates resources for SPS (e.g., period) by RRC signalling and activates/releases pre-allocated resources by L1 signalling. Therefore, similar to LTE SPS, we propose that AUA is configured with period and other resources (e.g., DM RS cyclic shift, modulation and coding scheme) by higher layer signalling and activated/deactivated by L1 signalling.
Proposal #1: Autonomous UL access (AUA) is configured by higher layer signalling and activated/deactivated by L1 signalling. At least the periodicity for AUA is configured by higher layer signalling and FFS on which additional information is configured by higher layer signalling.
In LTE SPS, single subframe is configured for SPS in each period. However, in LAA, it should be considered that UE can transmit PUSCH only after the success of LBT. If only one subframe is configured for AUA and UE fails to grab the channel for the subframe, the UE cannot perform AUA transmission in the period and has to wait until the subframe for AUA in the next period. Therefore, it is necessary to allow multiple subframes in each period for AUA in LAA. Multiple subframes in each period for AUA are defined as “AUA window”. Within AUA window, the maximum number of subframes for AUA transmission can be limited considering the flexibility on AUA configuration.
Proposal #2: Multiple subframes (AUA window) in each period should be allowed for AUA in LAA.
Proposal #3: The maximum number of subframes for AUA transmission in a period can be limited equal to or smaller than AUA window.
Fig. 1 depicts one example of the configured subframes for AUA where period is M ms and AUA window is 2 ms. If eNB sends activation L1 signalling for AUA in SF#N-K (e.g., K=4), AUA resources can be activated from SF#N with pre-configured period of M ms and AUA window of 2 ms. In this example, the maximum number of subframes for AUA transmission in a period can be limited to one subframe, which means if UE performs AUA transmission in SF#N, UE will not transmit AUA in SF#N+1.
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Figure 1. Example of the configured subframes for AUA
3. Control signaling for autonomous UL access in LAA
Validation for activation/release L1 signalling
Next, we discuss how UE can validate the activation/release L1 signalling. Basically, we can reuse the principle of the validation for LTE SPS. Instead of DCI format 0, at least DCI format 0A with CRC scrambled by a specific RNTI (e.g., SPS-C-RNTI) is used for AUA activation/release. Like LTE SPS, following DCI fields can be used for the validation of AUA activation/release.

· New data indicator (NDI) field is set to ‘0’.

· {TPC command, cyclic shift DM RS, MCS} fields for the validation of AUA activation
· {TPC command, cyclic shift DM RS, MCS, resource assignment} fields for the release of AUA activation

In addition to above fields, considering new fields are introduced for DCI format 0A compared to DCI format 0, following fields also can be used for the validation of AUA activation/release.
· PUSCH trigger A
· Timing offset

· HARQ process number

· Redundancy version

· PUSCH starting position

· PUSCH ending position

· Channel access type

· Channel access priority class

Another aspect to be considered is whether or not DCI format 0B can be used for AUA activation/release. If DCI format 0B can be used, ‘number of scheduled SFs’ field can indicate the size of AUA window or the maximum number of subframes (smaller than AUA window) for AUA transmission in a period if AUA window is configured by higher layer signalling.
Proposal #4: For AUA activation/release, at least DCI format 0A with CRC scrambled by a specific RNTI (e.g., SPS-C-RNTI) is adopted (FFS for DCI format 0B).
Proposal #5: Consider following fields in DCI format 0A for the validation of AUA activation/release.

· PUSCH trigger A, timing offset, HARQ process number, redundancy version, PUSCH starting position, PUSCH ending position, channel access type, channel access priority class

Transmit power control (TPC)
Transmission power for LTE SPS can be adjusted by TPC command in DCI format 3/3A transmitted on PCell. However, PUSCH TPC triggered by DCI format 3/3A cannot be applied to SCell. Therefore, one method can be that TPC for AUA transmission is determined based on only open loop power control. Another method can be that common DCI for AUA TPC (e.g., DCI format 3/3A) is transmitted on LAA SCell or that TPC command in DCI format 3/3A transmitted on PCell is applied for LAA SCell.
Proposal #6: Consider open loop power control for AUA in LAA or closed loop power control by DCI format 3/3A on PCell or LAA SCell.
Power headroom report (PHR)
According to Rel-14 L2 latency reduction WI, UE can skip configured SPS resource when UE has no data to transmit. This feature should be applied also for AUA in LAA considering the fair coexistence with Wi-Fi and LAA of other operators. Additionally, in LAA, whether AUA can be transmitted or not is determined based on the result of LBT. In this case, UE may not be able to compute PHR for AUA, considering that a few ms can be needed for PHR computation. Therefore, we may need to consider which type of PHR should be reported for AUA transmission (e.g., always reporting virtual PHR or actual PHR).

Proposal #7: Consider how to report PHR corresponding to the subframes configured with AUA transmission.
4. Conclusion
In this contribution, we provided our views on resource allocation and control signalling for autonomous UL access, and proposals are as follows.
Proposal #1: Autonomous UL access (AUA) is configured by higher layer signalling and activated/deactivated by L1 signalling. At least the periodicity for AUA is configured by higher layer signalling and FFS on which additional information is configured by higher layer signalling.

Proposal #2: Multiple subframes (AUA window) in each period should be allowed for AUA in LAA.
Proposal #3: The maximum number of subframes for AUA transmission in a period can be limited equal to or smaller than AUA window.
Proposal #4: For AUA activation/release, at least DCI format 0A with CRC scrambled by a specific RNTI (e.g., SPS-C-RNTI) is adopted (FFS for DCI format 0B).

Proposal #5: Consider following fields in DCI format 0A for the validation of AUA activation/release.

· PUSCH trigger A, timing offset, HARQ process number, redundancy version, PUSCH starting position, PUSCH ending position, channel access type, channel access priority class

Proposal #6: Consider open loop power control for AUA in LAA or closed loop power control by DCI format 3/3A on PCell or LAA SCell.

Proposal #7: Consider how to report PHR corresponding to the subframes configured with AUA transmission.
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