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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 this contribution, we discuss necessary enhancements to UL LAA operation to enable autonomous UL access, focusing especially on HARQ operation. 

2
AUL-DFI
In the last few RAN1 meetings there have been several agreements related to AUL-DFI. Here we discuss the remaining issues related to AUL-DFI contents and HARQ-operation 
AUL-DFI contents:
There have already been a few AUL-DFI related agreements, and based on those the contents of AUD-DFI can be summarised as shown in Table 1. In our view there is no need to add further bitfields into AUL-DFI.
Proposal #1: The contents of AUL-DFI are as shown in Table 1. 
Table 1. Contents of AUL-DFI
	AUL-DFI (20 MHz)
	TM1
	TM2
	

	
	DCI 0A
	DCI 0A or 4A
	

	
	# of bits
	# of bits
	

	Bitfield
	 
	 
	comment

	A flag to differentiate between AUL activation/deactivation and AUL-DFI
	1
	1
	set to "0"

	CIF
	0 or 3
	0 or 3
	

	Bitmap with one HARQ-ACK-bit for each AUL-configured HARQ process per TB 
	1 … 16
	2 … 32
	the length of the bitfield depends on the number AUL-enabled HAR processes. Unused bits are set to “0”

	TPC for PUSCH 
	2
	2
	 

	TPMI
	0
	3 or 6
	 

	
	
	
	

	Other bitfields are set to "0"
	
	
	


Another open issue related to AUL-DFI is the timer, based on which the UE may determine that the eNodeB has missed a given AUL transmission. However, in our view the final details of timer design (e.g. values, when the timer starts, etc.) can be left for RAN2 to decide.
3
AUL-UCI

The following fields have been agreed to be included into AUL-UCI:

· HARQ ID 

· NDI

· Redundancy version

In the following we discuss further remaining open issues related to AUL-UCI.
NDI and RV:

Regarding NDI and RV, one open question is how to indicate those in the TM2 case. Our preference is to follow the same approach as in Rel-14 eLAA, where RV is common for both TBs:
Proposal #2: In the case of TM2, 
-
NDI: 1 bit, if one transport block is configured; or 2 bits if two transport blocks are configured

-
RV: 2 bits, (in case of two TBs, the RV is common for both as in Rel-14 eLAA)

UE identification:
For optimized UE operation in case of contention, one needs to consider how an AUL UE is identified in case multiple UEs share the same AUL resources. DMRS Cyclic shifts can at least provide certain degree of orthogonality amongst AUL users, and allow for which UE performed the AUL transmission in a given subframe. As for any UL-SCH transmissions, the UE identification can be done based on the PUSCH transmission itself. However, including the UE ID into AUL-UCI either explicitly, or in the form of CRC scrambling can be considered.

Proposal #3: Consider including the UE ID into AUL-UCI either explicitly, or in the form of CRC scrambling.
COT related information:
Additionally, there is an ongoing discussion on whether a UE-initiated COT can be shared with eNodeB. If such operation is allowed, some COT related information should also be included into AUL-UCI. At least the duration of the remaining COT should be indicated to the eNodeB to ensure that MCOT duration is not exceeded. Also, channel access priority class might need to be signalled to the eNodeB unless the lowest priority class is always assumed.
Proposal #4: If UE initiated COTs can be shared with eNodeB, consider including into the AUL-UCI at least the duration of the remaining COT.

Redundancy version for AUL retransmissions
Another open issue is which RV should the UE use for AUL retransmissions. It was already agreed in RAN1#90bis that the RV will be included into UCI transmitted along with AUL PUSCH. Therefore, the selection of the RV could be left up to UE implementation. 
Proposal #5: The selection of RV for AUL retransmissions is left to UE implementation.

4
Summary

In this section, we summarize the proposals made in this contribution:
Proposal #1: The contents of AUL-DFI are as shown in Table 1, 
Table 1. Contents of AUL-DFI
	AUL-DFI (20 MHz)
	TM1
	TM2
	

	
	DCI 0A
	DCI 0A or 4A
	

	
	# of bits
	# of bits
	

	Bitfield
	 
	 
	comment

	A flag to differentiate between AUL activation/deactivation and AUL-DFI
	1
	1
	set to "0"

	CIF
	0 or 3
	0 or 3
	

	Bitmap with one HARQ-ACK-bit for each AUL-configured HARQ process per TB 
	1 … 16
	2 … 32
	the length of the bitfield depends on the number AUL-enabled HAR processes. Unused bits are set to “0”

	TPC for PUSCH 
	2
	2
	 

	TPMI
	0
	3 or 6
	 

	
	
	
	

	Other bitfields are set to "0"
	
	
	


Proposal #2: In the case of TM2, 
-
NDI: 1 bit, if one transport block is configured; or 2 bits if two transport blocks are configured

-
RV: 2 bits, (in case of two TBs, the RV is common for both as in Rel-14 eLAA)

Proposal #3: Consider including the UE ID into AUL-UCI either explicitly, or in the form of CRC scrambling.
Proposal #4: If UE initiated COTs can be shared with eNodeB, consider including into the AUL-UCI at least the duration of the remaining COT.

Proposal #5: The selection of RV for AUL retransmissions is left to UE implementation.

References 
[1] RP-170848, “New Work Item on Enhancements to LTE operation in unlicensed spectrum”, Nokia, Ericsson, Intel, Qualcomm

[2] R2-1709967 “LS on RAN2 agreements on Enhancements to LTE operation in unlicensed spectrum “, RAN2
