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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]
During RAN1#90 [2], 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.

Related to the AUL resource allocation and configuration the following agreements are made until now: 
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 provide our views on configuring autonomous uplink access (AUL) on LAA SCells.
[bookmark: _Ref178064866]Discussion
Autonomous UL Based on Semi-Persistent Scheduling 
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 is configured with RRC, and (re)activated/deactivated via (e)PDCCH.
[bookmark: _Hlk498433204]The autonomous UL functionality can be achieved by using existing LTE Rel-14 SPS feature with some additional enhancements. 
AUL-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. 
[bookmark: _Hlk498433208]Extend SPS feature to secondary cells 
Different semi persistent configuration for different secondary cells should be possible. 
Time-domain AUL resources are higher layer configured through RRC signaling. Two alternatives are applicable in this case:
· Alt1: Reuse SPS periodicity. However, in this case, only the 1ms periodicity will enable AUL resources on consecutive subframes. Therefore, to allow the UE to transmit for a burst of consecutive AUL transmissions, a new field “AUL window” is added on top of the AUL periodicity.  
· Alt2: Bitmap of X bits that indicate the allowed subframes for AUL.
Both alternatives are reasonable from our perspective. Nevertheless, Alt1 is a straight forward extension from the existing SPS mechanism. 
[bookmark: _Hlk498433212]Time-domain AUL resources configured using ALT1. 
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. 
[bookmark: _Hlk498433217]The UE shall not attempt a AUL transmission, even if allowed according to the configured time-domain resources, in a subframe that is within DMTC window of the eNB.
The RNTI used for CRC scrambling of the SPS activation/deactivation grant is RRC configured. In fact, a new RNTI was introduced to differentiate between SPS and dedicated grant that use the same DCI.   For scrambling activate/re-activate/deactivate of AUL the existing SPS RNTI can be reused. Considering that the legacy UL SPS activation/deactivation commands are carried via DCI format 0, and that different DCI is used for UL LAA, the need for a separate RNTI does not seem to be motivated.
[bookmark: _Hlk498433221]Reuse the existing SPS-RNTI to scramble AUL activation/deactivation commands, since different DCI formats, i.e. DCI 0 and DCI 0A, are used to activate/deactivate the legacy SPS configuration and the new AUL configuration.
AUL-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  as the eNB can activate/re-activate/release SPS 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. 
[bookmark: _Hlk498433227]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. 
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). In addition to MCS and PRB allocation, some fields of DCI 0A/4A that are still applicable for autonomous UL. 
[bookmark: _Hlk498433233]In addition to MCS and PRB allocation, the following fields are signaled to the UE via the activation grant: 
· Cyclic shift for DM RS 
· PUSCH starting position
· Carrier indicator, in case of cross carrier activation
· NDI for TB1 
· MCS/NDI for TB2, in case of DCI 4A
· PMI, in case of DCI 4A
· TPC
· Flag to distinguish between 0/1 can be reused to distinguish between activation/deactivation grant and the AUL-DFI
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. 
[bookmark: _Hlk498433247]
[bookmark: _Hlk498433239]For SPS on LAA cell, the MSB of MCS field is not fixed to zero. 
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’
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.  
[bookmark: _Hlk498433251]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’.
Contention based access among intra-cell AUL UEs
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. 
[bookmark: _Hlk498433256]AUL supports legacy DMRS with CDM (cyclic shift and OCC) based presence detection.
Uplink Control signalling
In RAN1#90bis, it was agreed that the HARQ ID, RV, and NDI are included in the AUL UCI [4]. 
In [5] we discuss the motivation to support UL to DL MCOT sharing. Below information should be included to indicate the MCOT related information to eNB to facilitate shared UL and DL transmission in the same MCOT: 
· Priority class (2 bits): to guarantee that data in the DL part belong to the same or higher priority class as the one used to acquire the channel. 
· Number of SFs remaining for DL transmission according to Table 1 in the Appendix
· PUSCH ending position to introduce a gap for LBT purposes. This field can be one bit to indicate PUSCH shortened or not.
Additionally, to increase the robustness of UCI specially in case of intra-cell collisions and to identify the UE at the eNB, UCI may include CRC scrambled by UE specific RNTI (e.g. SPS RNTI). It would also be beneficial that UE requests eNB to send the HARQ feedback to avoid long waiting time. 
[bookmark: _Hlk498433261]AUL UCI includes: 
· Priority class (2 bits)
· Number of SFs remaining for DL transmission according to Table 1 (3 bits)
· PUSCH ending position (1 bit)
· CRC scrambled with UE ID
· HARQ feedback request (1 bit)

UCI RE mapping
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. 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.
The mapping of UCI depends on the supported starting and ending points for AUL PUSCH. It has been discussed that the AUL transmissions may be configured with an AUL specific starting point to avoid intra-cell collisions. This means that the first PUSCH transmission in an AUL burst may have starting point later than the subframe boundary. After the UE had access the channel, later PUSCH within the same burst start at subframe boundary. Since the eNB may miss the start of the burst, the UCI can be used to help the eNB figure out the PUSCH start position. 
If PUSCH transmission starting on symbol 0 and 1 is supported, two alternatives can be considered: 
ALT1: UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and starting from symbol 1 in time. The same UCI mapping is applied for all autonomous UL PUSCH. In this case, PUSCH starting position for each subframe is indicated in the corresponding UCI. (Figure 1)
[image: ]





 Figure 1: UCI starting on symbol 1


ALT2: UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and PUSCH starting symbol in time. In latter case, eNB has to do blind decoding to detect whether UCI starts at symbol 0 or 1 for each subframe. After correctly detecting UCI, the eNB becomes aware of the PUSCH starting position that follows the same starting position as UCI.
In our perspective, ALT1 reduces the complexity at the eNB side. 
[bookmark: _Hlk498433267]UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and starting from symbol 1 in time. 
· The same UCI mapping is applied for all autonomous UL PUSCH. 
· PUSCH starting position for each subframe is indicated in the corresponding UCI
	
Since the last symbol of PUSCH may be used for DL LBT in a shared MCOT or to allow a gap for LBT access in case of AUL with DL shared COT, it is desired that UCI is mapped on time-frequency resources in a similar way as traditional aperiodic CSI on PUSCH starting from lowest PRB index of allocated PUSCH transmission, but not on the first (as discussed earlier) and last symbol. The same UCI mapping is applied for all autonomous UL PUSCH.
[image: ]
Figure 2: UCI starting on symbol 1 and finishing before last symbol
[bookmark: _Hlk498433277]If shortened PUSCH is supported for AUL transmissions, UCI is not mapped to the last symbol of the subframe.
Additional changes to channel interleaver are needed to be able to write data symbols into the resource elements left unused by the UCI in the first and/or last OFDM symbols. Such changes to the channel interleaver may be undesirable since the low-level (possibly hardware) implementation in the UE needs to be modified accordingly. To avoid this, zero or null symbols can be inserted into the coded UCI symbols such that the resource elements in the first/last OFDM symbol of the coded UCI region do not carry UCI or data.
[image: ]Figure 3: null symbols inserted to the coded UCI symbols








[bookmark: _Hlk498433289]Observation 1	 zero or null symbols can be inserted into the coded UCI symbols such that the resource elements in the first/last OFDM symbol of the coded UCI region do not carry UCI or data
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 
Different semi persistent configuration for different secondary cells should be possible. 
Time-domain AUL resources configured using ALT1. 
The UE shall not attempt a AUL transmission, even if allowed according to the configured time-domain resources, in a subframe that is within DMTC window of the eNB.
Reuse the existing SPS-RNTI to scramble AUL activation/deactivation commands, since different DCI formats, i.e. DCI 0 and DCI 0A, are used to activate/deactivate the legacy SPS configuration and the new AUL configuration.
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. 
In addition to MCS and PRB allocation, the following fields are signaled to the UE via the activation grant: 
· Cyclic shift for DM RS 
· PUSCH starting position
· Carrier indicator, in case of cross carrier activation
· NDI for TB1 
· MCS/NDI for TB2, in case of DCI 4A
· PMI, in case of DCI 4A
· TPC
· Flag to distinguish between 0/1 can be reused to distinguish between activation/deactivation grant and the AUL-DFI

For SPS on LAA cell, the MSB of MCS field is not fixed to zero. 
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’.
AUL supports legacy DMRS with CDM (cyclic shift and OCC) based presence detection.
AUL UCI includes: 
· Priority class (2 bits)
· Number of SFs remaining for DL transmission according to Table 1 (3 bits)
· PUSCH ending position (1 bit)
· CRC scrambled with UE ID
· HARQ feedback request (1 bit)

UCI is placed on PUSCH starting from lowest PRB index of allocated PUSCH transmission in frequency and starting from symbol 1 in time. 
· The same UCI mapping is applied for all autonomous UL PUSCH. 
· PUSCH starting position for each subframe is indicated in the corresponding UCI

If shortened PUSCH is supported for AUL transmissions, UCI is not mapped to the last symbol of the subframe.
[bookmark: _GoBack]Observation 1	Zero or null symbols can be inserted into the coded UCI symbols such that the resource elements in the first/last OFDM symbol of the coded UCI region do not carry UCI or data
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Appendix
Table 1: MCOT sharing indication in UCI
	Indicator in subframe n
	Meaning

	“000”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 8 subframes

	“001”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 7 subframes

	“010”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 6 subframes

	“011”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 4 subframes

	“100”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 3 subframes

	“101”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 2 subframes

	“110”
	The n+2 subframe can be shared, 
and the remaining COT (starting from n+2) is 1 subframes

	“111”
	“Reserved” no meaning
e.g. eNB can not share the (n+2)th subframes can not be shared. 
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