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Introduction
A work item on enhancements to LTE operation in unlicensed spectrum [1] was agreed in RAN #75 meeting to further enhance the LAA performance in Rel-15. One objective of the work item is 
· (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]
in RAN1#90, the following agreement was made: 
· The support of autonomous uplink access with frame structure type 3 is specified within the scope of Release 15 FeLAA WI.

In this contribution, we provide our views on configuring autonomous uplink access (AUL) on LAA SCells.
[bookmark: _Ref178064866]Discussion
Autonomous UL Based on Semi-Persistent Scheduling 

In RAN1#90, the following agreements were made: 
· 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 




LTE already provides the option to configure semi-persistent scheduling (SPS). With semi-persistent scheduling for UL, the UE is configured to transmit on pre-allocated resources. when UL data arrives, the UE can start transmission immediately according to the SPS resources. Similar to the agreements made for AUL operation, SPS configured with RRC, and (re)activated/deactivated via  (e)PDCCH.
The autonomous UL functionality can be achieved by using existing LTE Rel-14 SPS feature with some additional enhancements. 
SPS configuration
Similar to the dynamic scheduling, SPS was primarily designed for licensed operation. Some adjustments are needed to provide efficient operation on unlicensed bands. For instance, current Rel-14 SPS is only supported on the primary component carrier and any transmission on a secondary component carrier must be dynamically scheduled. To configure SPS on LAA cell, the current SPS feature should be extended to secondary cells. It should also be possible to configure different cells with different SPS configuration. 
Extend SPS feature to secondary cells 
Separate semi persistent configuration for secondary cells should be possible. 
A UE configured with 1ms periodicity will compete, at all times, with the eNB to access the channel. This behavior is not desirable in certain subframes, such as DRS window, where eNB should have priority to access the channel. 
Specific subframes, such as DRS window, shall be avoided by the UEs configured to perform autonomous uplink transmission.
SPS Activation and Deactivation 
When configuring SPS, the UE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS RNTI. A UE shall monitor PDCCH with CRC scrambled by the SPS RNTI in every subframe as the eNB can activate/re-activate/release SPS at any time using Downlink control information (DCI).
In current SPS feature, DCI Format 0 is used to activate/release SPS in UL. while this works for primary licensed cell, it cannot be reused to activate/re-activate SPS on LAA unlicensed cells since resource allocation scheme Type 3 is not supported by DCI format 0. Instead, to activate UL semi-persistent scheduling for LTE in unlicensed LAA sCell, the eNB sends DCI format 0A/4A with some parameters set to special values. UL semi-persistent scheduling can be activated via cross carrier scheduling from Pcell. In that case, DCI 0A/4A includes target carrier index field (CIF). 
A UE shall monitor (e)PDCCH as the eNB can activate/re-activate/deactivate SPS:
· using DCI 0A or 4A on (e)PDCCH of the pCell if cross carrier scheduling is activated 
· using DCI 0A or 4A on (e)PDCCH of the sCell if cross carrier scheduling is deactivated. 
Similar to legacy SPS, some fields in DCI 0A/4A are not relevant for AUL operation such as (HARQ ID, LBT priority class, etc.) those special fields (we will refer to as validation fields) are used to differentiate between activation and deactivation (e.g all set to 0 for activation, all set to 1 for deactivation). Accordingly, A UE shall validate a Semi-Persistent Scheduling assignment (e)PDCCH if all the following conditions are met: 
· the CRC parity bits obtained for the (e)PDCCH payload are scrambled with user specific Semi-Persistent Scheduling C-RNTI 
· the new data indicator field is set to '0'. 
· validation bits are set to ‘0’
Unlike legacy SPS activation, the most significant bit (MSB) of modulation and coding scheme field (MCS) should not be fixed to zero. The eNB can choose any possible MCS index. 

For SPS on LAA cell, the MSB of MCS field is not fixed to zero. 
eNB may release SPS resources using DCI format 0A only with CRC scrambled with SPS RNTI and validation fields set to special values (e.g. all 1). Additionally, we propose introducing a new common SPS C-RNTI to enables SPS deactivation for group of UEs. The later will allow fast reaction to changes on the channel with more efficient use of (e)PDCCH resources.  
SPS on LAA cell can be activated/re-activated/released using self-scheduling or cross carrier scheduling. 
Activation/deactivation of AUL using cross carrier scheduling from sCell is not supported. 
A UE configured with SPS on LAA cell shall monitor (e)PDCCH for activation/re-activation of SPS using DCI 0A/4A.
· The CRC parity bits obtained for the (e)PDCCH payload are scrambled with user specific Semi-Persistent Scheduling C-RNTI 
· The new data indicator field is set to '0'. 
· Validation bits are set to ‘0’
A UE configured with SPS on LAA cell shall monitor (e)PDCCH for deactivation of SPS using DCI 0A
· The CRC parity bits obtained for the (e)PDCCH payload are scrambled by the UE specific SPS RNTI  or common SPS RNTI 
· The new data indicator field is set to '0'. 
· Validation bits are set to ‘1’.

Resource allocation
Contention-based access had not been standardized for LTE as part of the Rel-14. In current 3GPP specs, DMRS-cyclic shift is hardcoded for SPS. At low load situations, where latency matters the most and the contention is minimum, it might be beneficial for UL efficiency reasons to allocate the same UL resources to multiple UEs as shown in [3]. If different UEs, with overlapping SPS resources, transmit at the same time, the eNB has no means to differentiate the transmissions of the UEs since they use the same DMRS-cyclic shift. However, on unlicensed bands LBT procedure can help reduce the collision probability given the assumption that the UL UEs can hear each other’s transmissions. In presence of hidden node problem, the eNB needs other means to possibly decode colliding autonomous transmissions. In this situation assigning different DMRSs for different UEs can help. 
AUL supports legacy DMRS with CDM (cyclic shift and OCC) based presence detection.
Uplink Control signalling
[bookmark: _GoBack]As described in [4], to avoid any ambiguity and support efficient autonomous UL operation, new UL control signaling is required to explicitly send below information to eNB:
· HARQ ID (4 bits)
· NDI (1 bit)
· RV number (2 bits)
In addition, the UE should indicate the MCOT related information to eNB to facilitate shared UL and DL transmission in the same MCOT.
As discussed in companion contribution [4], it would be beneficial that UE requests eNB to send the HARQ feedback and hence below information should be included: 
· PUSCH ending time (1 bit, indicate PUSCH shortened or not)
· HARQ feedback request (1 bit)
· Trigger UL HARQ feedback in case of shared MCOT
The new UCI is required to be transmitted together with PUSCH on every AUL subframe for robustness. Note that there is no traditional UCI such as HARQ-ACK, RI or A-CSI on LAA SCells with autonomous UL transmission. A straightforward way to transmit the new UCI on PUSCH is to adopt the A-CSI processing to minimize the standards and implementation impacts. In order to identify UE ID at eNB, 8-bit CRC can be scrambled with shortened C-RNTI UE ID. Channel coding, modulation and RE mapping can reuse A-CSI processing chain. Similarly, a RRC configured beta offset is used to account for different BLER target of PUSCH data and new UCI transmission. The beta offset of new UCI should be a larger value than the CSI beta offset since it requires a more robust transmission.
Support new UL control signalling multiplexed with PUSCH data on every AUL subframe with information to assist eNB decoding.
Conclusion
In this contribution, we provide our views on configuring autonomous uplink access (AUL) on LAA SCells. Accordingly, we propose the following:  
1. The autonomous UL functionality can be achieved by using existing LTE Rel-14 SPS feature with some additional enhancements. 
Extend SPS feature to secondary cells 
Separate semi persistent configuration for secondary cells should be possible. 
Specific subframes, such as DRS window, shall be avoided by the UEs configured to perform autonomous uplink transmission.

For SPS on LAA cell, the MSB of MCS field is not fixed to zero.
SPS on LAA cell can be activated/re-activated/released using self-scheduling or cross carrier scheduling. 
Activation/deactivation of AUL using cross carrier scheduling from sCell is not supported. 
A UE configured with SPS on LAA cell shall monitor (e)PDCCH for activation/re-activation of SPS using DCI 0A/4A.
· The CRC parity bits obtained for the (e)PDCCH payload are scrambled with user specific Semi-Persistent Scheduling C-RNTI 
· The new data indicator field is set to '0'. 
· Validation bits are set to ‘0’
A UE configured with SPS on LAA cell shall monitor (e)PDCCH for deactivation of SPS using DCI 0A
· The CRC parity bits obtained for the (e)PDCCH payload are scrambled by the UE specific SPS RNTI  or common SPS RNTI The
· The new data indicator field is set to '0'. 
· Validation bits are set to ‘1’.
AUL supports legacy DMRS with CDM (cyclic shift and OCC) based presence detection.
Support new UL control signalling multiplexed with PUSCH data on every AUL subframe with information to assist eNB decoding.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref481745189][bookmark: _Ref488236109]RP-170848 Work Item on Enhancements to LTE operation in unlicensed spectrum, Nokia, Ericsson, Intel, Qualcomm
RP-160667 Work Item on L2 latency reduction techniques for LTE, Ericsson
R1-1713307, On the benefits and support of autonomous UL access for LAA, Ericsson
R1-1717123, on HARQ design for AUL, Ericsson






		
