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Introduction
In RP#75, the following work item on enhancements to LTE operation in unlicensed spectrum was approved.
“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 SPS-based transmission procedure described below can be re-used to support autonomous uplink access to minimize the specification effort.
· eNB configures time / frequency resources for autonomous uplink access via RRC

· The autonomous uplink (AUL) transmission is activated by the eNB via DCI signalling and acknowledgement from UE is required 

· The UE may perform AUL transmission on the configured resources subject to LBT
· eNB feeds back ACK/NAK bits of the AUL transmission

· eNB may deactivate the AUL transmission via DCI signalling.

In this document, we focus on various aspects of resource allocation for autonomous UL access.
2
Resource allocation of autonomous UL transmission
Autonomous UL (AUL) is found to be most useful in the case of coexisting with other technologies where eNB cannot acquire the transmission opportunities (TxOP) for its UEs. It is desirable to cut down the amount of control signalling from eNB while allowing UEs to contend for the medium. Rel14 SPS mechanism can be reused to support the AUL which can reduce control signalling while maintaining reasonable flexibility. 

New resource allocation is required to accommodate Frame Structure type 3, multiplexing between scheduled UL (SUL) transmission and AUL transmission, and collision resolution. 
2.1 
Time/frequency resource for AUL
In the SPS-like framework, it is preferable to signal the subframes and frequency allocation/interlaces allowed for AUL transmission via RRC signalling to cut down the DCI signalling. The time domain subframes allowed for AUL can be signalled via a bitmap (e.g. length 40) which has the best flexibility and avoids DMTC. The UEs are required to decode the C-PDCCH to determine the frame structure. If the subframes indicated by ‘1’ in the bitmap is outside of TxOP, the UE can perform AUL transmission after type 1 LBT. If the subframes indicated by ‘1’ is within the TxOP, the UE needs to make sure they are uplink subframes and perform AUL transmission after 25us LBT. The AUL configuration from eNB is per UE which allows eNB to configure orthogonal or overlapping resources for different UEs. 
Proposal
1. eNB configures AUL for each UE through RRC signalling.
2. A bitmap in the RRC indicates the list of subframes that can be used by the UE for AUL transmission

a. Avoid AUL configuration within the DMTC.
3. The frequency resource allocation (interlace allocation) for AUL transmission is configured by RRC
2.2 
Multiplexing of AUL transmissions
The eNB can either TDM or FDM multiple UEs in the AUL subframes. At high loads, it is expected that TDM of different UEs performs better compared to FDM as FDM requires each UE to transmit longer which increases the amount of contention time (higher LBT priority class must be used) and the chance of a collision and hence retransmission. However, for small packets, it may be more efficient to multiplex UEs in the frequency domain to reduce the amount of padding to be used for PUSCH and to improve medium utilization and coexistence with other technologies. 

When the number of TDM AUL UEs grows, it is difficult to orthogonalize the AUL transmission by assigning non-overlapped bitmaps to the different UEs. One can introduce self-deferral between symbol 0 to symbol 1 in which different UEs have UE specific starting position and the self-deferral can vary from subframe to subframe. The group of UEs with lesser the self-deferral time has higher priority of channel access. Randomization from subframe to subframe can ensure the fairness of AUL transmission. The PUSCH transmission here is subframe aligned starting from symbol 0 or symbol 1. If self-deferral is greater than zero, we may use CP extension after LBT to reserve the medium before the PUSCH transmission at symbol 1 as in Rel-14 LAA.
To achieve higher reuse when FDM multiple UEs in the AUL subframes, the eNB may configure multiple UEs with the same self-deferral position. If the FDM AUL transmission is used to send a large packet by a single UE, it may take multiple subframes and prevents other TDM and FDM UEs from accessing the medium. To alleviate this problem, one can force the PUSCH of the FDM AUL transmission to stop at symbol 12 in every FDM AUL subframe to allow contention. 
Proposal
1. TDM is supported as the baseline for AUL transmission.
2. For TDM AUL transmission, self-deferral is introduced where different UEs have UE specific starting position and the starting position of AUL can be between symbol 0 to symbol 1.
3. PUSCH transmission should be subframe aligned with starting position at symbol 0/1.
4. CP extension is used for AUL transmission starting between symbol 0 and symbol 1.
5. Support FDM AUL transmission with each FDM AUL subframe ending transmission at symbol 12.
2.2 
Multiplexing of AUL and SUL transmissions

SUL is expected to have better link adaptation than AUL. Within the TxOP acquired by the eNB, it is preferable that SUL transmission has higher priority than the AUL as the eNB already reserves the medium for UEs. We propose to have every AUL subframe within TxOP start from OFDM symbol 1. The eNB can give higher priority to SUL by setting its starting position earlier than OFDM symbol 1.
Proposal
1. Every AUL subframe within TxOP shall start from OFDM symbol 1
2.3 
AUL activation and release

In the SPS procedure, it uses DCI for SPS activation and release. We can follow the same framework for AUL transmission. We can introduce UE specific G-DCI which is scrambled by a new AUL C-RNTI to dynamically activate and release AUL transmission. The DCI based method allows eNB to switch on/off the AUL faster than the RRC method based on the channel condition. G-DCI may reuse the length of existing DCI format 0A/1A to save the complexity of PDCCH decoding.
 Proposal
1. New DCI (say AUL-DCI) scrambled by AUL C-RNTI for AUL activation and release
2. AUL-DCI shall reuse the length of DCI 0A/1A
2.4 
AUL link adaptation

For the link adaptation, two options may be used. The first option is MCS selection by UE. Based on the downlink signal and channel reciprocity, UE may decide the MCS and indicate in grantless UCI (G-UCI) the selected MCS. However, the interference level may be different on the eNB receiver side, and the UE selected MCS may not be adequate for the eNB receiver. The second option is MCS selection by eNB. eNB may indicate the MCS in G-DCI in PDCCH/ePDCCH.  The MCS selection by the eNB can truly reflect receiver interference level and is more reliable than option 1. For PMI and power control of AUL transmission, it is also preferable to have them indicated by eNB in the G-DCI as they can be directly derived from the received signals at the eNB.
Proposal
1. MCS indicated by eNB in PDCCH/ePDCCH
2. AUL-DCI shall contain MCS, PMI and power control fields
3
Conclusion
In this document, we discussed various proposal of resource allocation for autonomous UL access. The SPS based procedures are re-used for AUL transmission. The time and frequency AUL resources are configured semi-statistical by higher layer signalling. The AUL transmission is activated or released with DCI based method. We propose to support TDM for AUL as the baseline. FDM AUL transmission shall also be supported for delay sensitive small packet traffic with lower transmission priority than TDM AUL transmission. Symbol 13 of every FDM AUL subframe is intentionally left empty to allow contention at the beginning of the next subframe. For AUL transmission within the eNB acquired TxOP, SUL has priority than the AUL transmission in which the 0th OFDM symbol of AUL subframe is left empty. eNB shall still signal the MCS, PMI and power control information as uplink CSI can be easily estimated at eNB side.

Proposal 

1. eNB configure AUL for each UE through RRC signalling
2. A bitmap in the RRC indicates the list of subframes that can be used by the UE for AUL transmission

3. The frequency resource allocation (interlace allocation) for AUL transmission is configured by RRC

4. TDM is supported as the baseline for AUL transmission 

5. For TDM AUL transmission, self-deferral is introduced where different UEs have UE specific starting position and the starting position of AUL can be between symbol 0 to symbol 1

6. PUSCH transmission should be subframe aligned with starting position of symbol 0 or symbol 1

7. CP extension is used for transmission between symbol 0 and symbol 1

8. Support FDM AUL with each FDM AUL subframe ending transmission at symbol 12.
9. Every AUL subfame within TxOP shall start from OFDM symbol 1
10. New DCI (say AUL-DCI) scrambled by AUL C-RNTI for AUL activation and release
11. A-DCI shall reuse the length of DCI 0A/1A

12. MCS indicated by eNB in PDCCH/ePDCCH
13. AUL-DCI shall contain MCS, PMI and power control fields
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