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1
Introduction
At RAN#75, a new WI on further enhancements to unlicensed spectrum operation for LTE was approved in [1]. One of the objectives of the WI is to specify the support for multiple starting and ending positions for eLAA: 

· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]

· (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]

· The work item should also specify base station and UE core requirements to support the above features [RAN4]

In RAN1#90, the following was agreed relate to AUL resource allocation:

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 

Moreover, RAN2 have agreed the following:

Agreements:

1
Support UL skipping for AUL i.e. the UE should use AUL resources only when it has data to transmit and UE doesn’t have UL grant. FFS if a threshold is configured.

2
From a RAN2 point of view it is beneficial from spectral efficiency perspective to schedule multiple UEs on the same resources in some scenarios.

3
AUL can be configured at the same time in more than one uplink LAA serving cell.

4
FFS: Introduce an AUL activation/deactivation confirmation supporting confirmation of multiple SPS configurations on multiple serving cells.

Agreements:

1
The UE does not transmit on autonomous access resources when this subframe is used for DL transmission.

2
The UE does not transmit on autonomous access resources when an UL grant is received for the same TTI for the same cell case

3
From RAN2 perspective, autonomous access should not be used for retransmission of dynamically scheduled transmissions

In RAN1#91 the following was agreed:
Agreement: 

AUL subframes are indicated to UE with an RRC-configured bitmap

Agreement:

AUL supports both TM1 and TM2

Agreement: 

For TM1, DCI format 0A is used for AUL activation / deactivation  

- FFS: whether to use DCI format 0A or 4A with TM2 (note: if DCI 0A is used, the contents will be redefined)

Agreement: 

The same DCI is used for activation and deactivation

Agreement: 

The same DCI size is used for AUL activation/deactivation and AUL-DFI 

Agreement: 

The same RNTI used to scramble the CRC parity bits of AUL-DFI is used to scramble the CRC parity bits of AUL (de) activation DCI.

Agreement: 

A flag to differentiate between AUL activation/deactivation and AUL-DFI is included into the “AUL DCI” 

Agreement: 

For TM2 with AUL, PMI and MCS for the 2nd CW are included into AUL activation / deactivation DCI [0A or 4A]

Agreement: 

UL DMRS Cyclic Shift and OCC can be indicated for an AUL user: 

FFS: UE specific RRC configuration or by using AUL activation / deactivation DCI.

Agreement: 

AUL transmissions are not allowed in the subframes belonging to the DMTC window of the serving cell irrespective of the RRC configured bitmap. 

FFS: RMTC

Agreement:

HARQ-ACK AUL-DFI for a PUSCH transmitted at subframe n is expected at earliest at subframe n+4. 

Agreement:

AUL-DFI does not include a field indicating MCS

Agreement:

For a AUL-DFI received  in subframe n,   

· PMI  (if included in AUL-DFI) in subframe n is applied after subframe n+3 

· TPC in AUL-DFI in subframe n is applied in the same way as if it had been received through DCI format 3/3A

Agreement:

Default HARQ-ACK value in AUL-DFI is NACK.

Note: after the eNB has reported an ACK/NACK for a given HARQ process once, the HARQ-ACK is set again to the default value, NACK.

Agreement:

AUL-DFI only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.

Agreement:

AUL retransmission timer is RRC configured.

Some further agreements were made based on the email discussion [91-LTE-11]: 
Proposal 1-1: DMRS Cyclic Shift and Carrier Indicator Field (when present) are valid in the AUL activation DCI
-          FFS: TPC
-          FFS: what to do with the remaining bits in activation / deactivation DCI
 

Proposal 2-1: Spatial bundling is not applied in AUL DFI
Proposal 2-2a: For TM2, TPMI is included into AUL DFI
-                   The UE is not expected to receive a PMI that changes the number of transmission layers
-                            FFS A-CSI
Proposal 2-2b: AUL-DFI is zero-padded to match the size of activation/deactivation DCI
Proposal 3-1: If AUL COT can be shared with the eNodeB, (at least) remaining COT is included into AUL-UCI
Proposal 3-2a: AUL is mapped to UCI the same way as CQI/PMI
-          FFS starting symbol
Proposal 3-2b: A new beta offset parameter is defined for AUL-UCI:
In this contribution, we discuss possible enhancements to UL LAA operation to enable autonomous UL access, focusing especially on AUL activation/deactivation, and configuration. 

2. Resource allocation for autonomous access
2.1
AUL activation and release DCIs 

Based on the agreements so far, most of the contents of the AUL activation and release DCIs are already clear. There are a couple of remaining points:

TPC 
It has been agreed that TPC for AUL is included into the AUL-DFI. The question is if TPC should also be included into AUL activation. We do not see a great need for TPS in the AUL activation DCI and our slight preference is not to include that into the AUL activation DCI.
Proposal #1: TPC is not included into AUL activation DCI
MSB of the MCS field
Moreover, in UL SPS activation DCI the MSB MCS field is set to '0'. The rationale for this has been to increase robustness of the activation signaling, while acknowledging that highest MCSs would seldom be used with SPS anyway. On the other hand, in unlicensed band operation, the UL geometry and the interference scenario can often be quite favorable, allowing for the use of high MCSs too. Therefore, we see that full range of MCSs should be supported with AUL operation.

Proposal #2: Full range of MCSs is supported in AUL operation, i.e. MSB of the MCS field in the AUL activation DCI is not set to ‘0’. 
DCI with TM2
Regarding TM2, one open question is whether to use DCI 0A or 4A. DCI 0A has a smaller payload and correspondingly smaller overhead and better coverage, while DCI 4A allows for optimizing the monitoring of PDCCH (a UE in TM2 can be configured to monitor DCI 4A only, i.e. no need to monitor 0A). Our slight preference is to optimize the payload of activation / release DCI, and therefore propose to use DCI 0A also for the TM2 case. 
Proposal #3: In TM2, DCI 0A is used for AUL activation / release.
Correspondingly, the contents of AUL activation and release DCIs can be summarized as in Table 1 and Table 2, respectively. Moreover, it needs to be further discussed whether additional starting and ending points are supported with AUL.
Table 1. Bitfields in the AUL activation DCI

	AUL activation DCI (20 MHz)
	TM1
	TM2
	

	
	
	
	

	
	DCI 0A
	DCI 0A or 4A
	

	Bitfield
	# of bits
	# of bits
	comment

	A flag to differentiate between AUL activation/release and AUL-DFI
	1
	1
	set to "1"

	CIF
	0 or 3
	0 or 3
	CIF corresponds to the carrier which is activated

	Resource allocation
	6
	6
	 

	TPMI
	0
	3 or 6
	 

	MCS for the 1st Codeword
	5
	5
	 

	MCS for the 2nd Codeword
	0
	5
	If MCS is equal to 29, this TB is disabled

	UL DMRS Cyclic Shift and OCC 
	3
	3
	 

	 
	 
	 
	 

	TPC
	?
	?
	FFS

	Other bitfields 
	 
	 
	all set to "1"


Table 2. Bitfields in the AUL release DCI

	AUL release DCI (20 MHz)
	TM1
	TM2
	

	
	DCI 0A
	DCI 0A or 4A
	

	Bitfield
	# of bits
	# of bits
	comment

	A flag to differentiate between AUL activation/deactivation and AUL-DFI
	1
	1
	set to "1"

	CIF
	0 or 3
	0 or 3
	CIF corresponds to the carrier which is released

	Resource allocation
	6
	6
	all bits set to "1"

	TPMI
	0
	3 or 6
	all bits set to "1"

	MCS for the 1st Codeword
	5
	5
	set to "111"

	MCS for the 2nd Codeword
	0
	5
	set to "111"

	UL DMRS Cyclic Shift and OCC 
	3
	3
	set to "000"

	 
	 
	 
	 

	TPC
	FFS
	FFS
	set to "00"

	Other bitfields 
	 
	 
	all set to "0"


2.2
Remaining details for RRC signaling for AUL resource allocation 
Indication of the candidate subframes for AUL has been agreed to be done with and RRC configured bitmap. What remains still open is the length of the bitmap. In our view, since the signaling overhead is anyhow insignificant, the length of the bitmap can be chosen as 80.

Proposal #4: AUL candidate subframes are indicated with a length-80 bitmap.  
Another open question relates to the transmission mode for AUL. There are two basic options: either using the same TM for AUL and scheduled transmissions, or to allow for TM1 for AUL combined with TM2 for scheduled PUSCH. In our view it is rather likely that for robust operation, rank = 1 transmissions are preferred for AUL, even if TM2 is enabled for the UE. For this reason, we see that the TM for AUL should be RRC configured, and does not need to be the same as that for scheduled transmissions.

Proposal #5: Transmission Mode Applied for AUL is RRC configured independently from the TM of scheduled transmissions. 
Another open question relates to the indication of the starting position for AUL transmissions. Two related agreements were reached in email discussion [91-LTE-03], where the following proposals were agreed:
Proposal 1:   
When an AUL UE is allocated to occupy the full channel bandwidth, i.e., all the interlaces, the UE is configured with AUL-specific PUSCH start offset value range for AUL transmission. The randomly generated offset within a specific range is supported for an AUL UE.
         UE can be separately configured with different value ranges for the AUL transmission outside of eNB’s obtained MCOT and for the AUL transmission inside of eNB obtained MCOT.
         For AUL transmissions outside of eNB obtained MCOT, an AUL UE can randomly select an offset value from the following set: {16, 25, 34, 43, 52, 61, OS #1}.
         For AUL transmissions inside of eNB obtained MCOT, an AUL UE can randomly select an offset value from the following set: {34, 43, 52, 61, OS #1}.
Note: The specific offset that is randomly selected by the UE is not signaled to the eNB.
 Proposal 2: 
When an AUL UE is allocated to occupy partial channel bandwidth, i.e., not all the interlaces, the UE is RRC configured with exact AUL-specific PUSCH start offset value for AUL transmission. 
•       UE can be separately configured with different value offset for the AUL transmission outside of eNB obtained MCOT and for the AUL transmission inside of eNB obtained MCOT.
•       The set of values for AUL transmission outside of eNB obtained MCOT and for the AUL transmission inside of eNB obtained MCOT are the same as those defined for AUL UEs configured to occupy the full channel bandwidth.
 

Correspondingly, four RRC parameters will be needed for the following cases:
· AUL starting position with partial channel BW, within eNB acquired COT
· possible values: {34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· AUL starting position with partial channel BW, outside of eNB acquired COT 
· possible values: {16 µs , 25 µs, 34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· The range of AUL starting positions with full channel BW, within eNB acquired COT 
· possible values: {34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· The range of AUL starting positions with full channel BW, outside of eNB acquired COT
· possible values: {16 µs , 25 µs, 34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
Proposal #6: define RRC parameters to indicate the following: 
· AUL starting position with partial channel BW, within eNB acquired COT

· possible values: {34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· AUL starting position with partial channel BW, outside of eNB acquired COT 

· possible values: {16 µs , 25 µs, 34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· The range of AUL starting positions with full channel BW, within eNB acquired COT 

· possible values: {34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· The range of AUL starting positions with full channel BW, outside of eNB acquired COT

· possible values: {16 µs , 25 µs, 34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
2.3
Simultaneous scheduled and AUL transmissions
Simultaneous scheduled (either dynamically or semi-persistently) and autonomous UL transmission may often occur unexpectedly as the eNodeB cannot have certainty of whether UE performs an autonomous transmission or not until it has taken place. This may result in issues with uplink power control, as the transmit power may need to be split between the scheduled and the autonomous transmissions. In some occasions, guaranteeing sufficient coverage for the critical scheduled licensed band signals might be compromised due to power back-off that the UE would need to do because of autonomous transmissions. Moreover, when scheduled and autonomous UL transmission occur on the same carrier, there may be a possibility for confusion in the selection of UL HARQ-process identity (i.e. the same ID could be chosen for both GUL and SUL). 

Another problem is that in the case of CA of unlicensed CCs, if a UE is scheduled in UL on one carrier (Carrier A) in subframe n, autonomous transmission on another carrier (Carrier B) in subframe n-1 or n could in some cases prevent the UE from performing the necessary channel access procedure on Carrier A (i.e. Listen-Before-Talk) and hence also block the UL transmission for carrier A. To avoid this we see that AUL transmissions should not be allowed in case they would prevent a scheduled transmission on the same or a different carrier during the same subframe or different subframe. 
Proposal #7: AUL transmissions that would prevent the UE from performing a scheduled transmission (e.g. due to lack of LBT gap or power limitation) on the same or a different carrier are dropped / stopped.
4
Summary
In this section, we summarize the observations and proposals made in this contribution:
Proposal #1: TPC is not included into AUL activation DCI
Proposal #2: Full range of MCSs is supported in AUL operation, i.e. MSB of the MCS field in the AUL activation DCI is not set to ‘0’. 
Proposal #3: In TM2, DCI 0A is used for AUL activation / release.
Proposal #4: AUL candidate subframes are indicated with a length-80 bitmap
Proposal #5: Transmission Mode Applied for AUL is RRC configured independently from the TM of scheduled transmissions. 
Proposal #6: define RRC parameters to indicate the following: 

· AUL starting position with partial channel BW, within eNB acquired COT

· possible values: {34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· AUL starting position with partial channel BW, outside of eNB acquired COT 

· possible values: {16 µs , 25 µs, 34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· The range of AUL starting positions with full channel BW, within eNB acquired COT 

· possible values: {34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
· The range of AUL starting positions with full channel BW, outside of eNB acquired COT

· possible values: {16 µs , 25 µs, 34 µs, 43 µs, 52 µs, 61 µs, OS #1}.
Proposal #7: AUL transmissions that would prevent the UE from performing a scheduled transmission (e.g. due to lack of LBT gap or power limitation) on the same or a different carrier are dropped / stopped.
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