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1 Overview

This document lists all the agreements related to Work Item on Enhancements to LTE operation in unlicensed spectrum since the start of the WI until RAN1#92. The agreements in RAN2 and RAN4 are also included in the Appendix as a reference. The agreements are sorted according to the RAN WG meeting, and according to the sub-feature, i.e. “Additional starting and ending points for DL and UL”, and “Autonomous UL Access”. 
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List of agreements in RAN1
2.1
RAN1#88bis

In RAN1#88bis in Spokane, US, the Work Item on Enhancements to LTE operation in unlicensed spectrum was started and 20 contributions were submitted to or during this meeting. The work plan in [1] was presented for information. The progress and discussions in the meeting are summarized below.

RAN1 discussed additional starting and ending points for DL and UL and reached the following conclusions:
Additional starting and ending points for DL and UL
Agreement:

No additional DL ending positions are introduced in this WI

Agreement:
At least one additional UL ending point is introduced

-
The ending point is indicated with a UL grant allocating the resources for the subframe
Agreement:
At least one additional UL starting point is introduced

 FFS: details, including whether the starting point is indicated with an UL grant or not 

2.2
RAN1#89

In RAN1#89 in Hangzhou, P.R. China, RAN1 continued discussions on additional starting point of DL and UL. 26 contributions were submitted to or during this meeting and the following conclusions were reached:
	Additional starting and ending points for DL and UL
 Agreement:

· UL partial subframe transmission starting at symbol #7 is supported with both following modes  Mode 1 and Mode 2

· Mode 1. The UE may start at a Rel-14 starting point or at symbol #7 depending on e.g. the outcome of LBT

· The TBS is determined as for the full subframe regardless of the starting point (i.e. no TBS scaling)

· FFS: channel access within shared COT

· FFS: how to indicate to which UL subframes this applies

· FFS: UCI mapping, if supported
· Mode 2. The UL grant indicates starting position at number #7

· FFS: additional starting points between symbols #7 and #8 

· The TB(s) is rate matched into the second slot

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported
Agreement:

For Mode 1:

· When transmission starts at symbol #7, the first slot of a subframe is punctured
· FFS: new MCS table and when that would be applicable
Agreement:
· UL partial subframe transmission ending in the end of symbol #6 is supported (in addition to #12 and #13 already supported)
· FFS: #3 and #10 
· The ending position is indicated with the UL grant

· The TB(s) is rate matched into the allocated symbols

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported

· FFS: whether the starting symbols is always #0 or as in Rel-14
· SRS transmission is not supported in these cases


2.3
RAN1#90

In RAN1#90 in Prague, Czech Republic, RAN1 concluded on benefits of autonomous UL access and started the work on related technical details. The discussions additional starting points of DL and UL continued with no further agreements. The progress and discussions in the meeting are summarized below.

	Autonomous UL Access

Conclusions:
· RAN1 observes the following for autonomous uplink access
· UL latency can be lowered due to reduced scheduling control signalling compared to a fully scheduled UL transmission
· UL throughput performance can be significantly better than scheduled UL at least for low cell loads, where few nodes contend for the channel
Agreement:
· The support of autonomous uplink access with frame structure type 3 is specified within the scope of Release 15 FeLAA WI.
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 

Agreement:
· Additional HARQ processes are not introduced for AUL transmission (i.e. AUL supports 16 HARQ processes just like Re-14 eLAA) 

· The HARQ process IDs allowed for AUL operation are UE specifically RRC configured
· All 16 HARQ-processes can be used for scheduled transmissions

Working assumption:   (Rapporteur’s note: this WA was confirmed in RAN1#90bis)
· Both scheduled and autonomous retransmission are supported for AUL transmissions.
R1-1715191
WF on channel access for Autonomous UL in FeLAA
Nokia, BlackBerry, Broadcom, Ericsson, Huawei, HiSilicon, Intel, LG Electronics, Nokia Shanghai Bell, Panasonic, Qualcomm, Samsung, WILUS


2.4
RAN1#90bis

In RAN1#90bis in Prague, Czech Republic, RAN1 reached the following agreements:

	Additional starting and ending points for DL and UL

   Conclusion: no consensus to introduce additional DL starting points 

Autonomous UL Access

Agreement:

· Only Asynchronous HARQ is supported for AUL
Agreement:

· Asynchronous AUL HARQ feedback and retransmissions are supported for AUL transmissions.
· Timing relationship between AUL transmission and corresponding UL HARQ feedback is not fixed 
· Timing relationship between UL HARQ feedback and corresponding retransmission  is not fixed.
· NOTE : UE does not expect HARQ feedback earlier than 4 subframes after the corresponding AUL transmission 

Agreement:

· AUL downlink feedback information ("AUL-DFI") is specified to carry at least AUL HARQ feedback
· Bitmap with one HARQ-ACK-bit for each AUL-configured HARQ process per TB (FFS: whether spatial bundling is used)
· The HARQ feedback includes pending feedback for several uplink transmissions from the same UE.

· RV are not included in the AUL-DFI
· Align size of DFI with e.g. DCI 0A, or DCI 1C (FFS)
· Support transmission of AUL-DFI on unlicensed cell as well as any other scheduling cell
· AUL-DFI shall contain HARQ-ACK feedback for SUL transmissions using AUL-enabled HARQ IDs
· AUL is not allowed for SUL retransmission

· AUL-DFI includes a field indicating TPC for PUSCH (2 bits), applicable for both AUL and SUL transmissions

· e.g. applied similarly as TPC in DCI 3/3A in terms of timing

· FFS: RNTI for AUL-DFI
Agreement:

· Any HARQ process that is transmitted by SUL is not eligible for AUL retransmissions
· Applies to SUL first transmissions as well as for scheduled retransmissions of an earlier AUL transmissions of the same TB
· UE may only use such a HARQ process for AUL if the corresponding AUL-DFI indicated ACK
Agreement:

· Confirm the working assumption that both scheduled and autonomous retransmission are supported for AUL transmissions.

· Scheduled retransmission is triggered by: 

· Reception of UL grant indicating same HARQ process ID, same TBS, and NDI non-toggled.
· FFS: the UE behaviour in case of TBS mismatch 
· FFS: timing relationship between SUL retransmission grant and AUL-DFI 
· UE may autonomously retransmit after:

· Reception of NACK feedback via the AUL-DFI for explicit AUL HARQ feedback
· No indication is received from eNB (neither rescheduling UL grant nor AUL-DFI) for X subframes since the transmission of a given HARQ process
· FFS:  value of X
· FFS:  whether X is fixed or configurable
· Note: X is not related to CWS update procedure
Agreement:

· UE determines the HARQ process ID, NDI and RV for Autonomous UL transmissions.
· FFS RV sequence followed by the UE

Agreement:

· New UCI for AUL operation: 

· includes at least: HARQ ID, new data indicator, and redundancy version.

· FFS: CRC attachment and scrambling
· FFS: indication of UE specific ID

· is transmitted together with every PUSCH in AUL transmission.


2.5
RAN1#91

In RAN1#91 in Reno, US, RAN1 reached the following agreements:

	Additional starting and ending points for DL and UL

Agreement:
In case the 1st subframe of a reference UL burst based on Type 1 channel access is Mode 1 partial UL subframe, the partial subframe as well as the next subframe are considered for CWS adjustment.
· If at least one of the TBs in the partial UL subframe and the next subframe is received correctly, the contention window is reset. Otherwise, it is increased.

Agreement: 

In case the partial subframe is the only subframe included in the reference UL burst, the partial subframe is used for CWS adjustment.
Agreement:
If the UE is allowed Mode 1 UL partial subframe transmission, the number of possible Type 2 LBT attempts by the UE within the shared COT shall be limited to n+1, where n is the number of consecutively allocated UL subframes.

· Note: This applies regardless of the type or number of grants that were used to schedule the consecutively allocated UL subframes and for cases where there maybe gaps of one symbol or less between the consecutively allocated subframes as in Rel-14

Agreement: 

For a UE which is allowed to apply Mode 1 UL partial subframe outside the MCOT acquired by the eNB, there is no restriction on LBT attempt number or position, i.e. the UE is allowed to continue Type 1 channel access before any slot of the UL burst if the LBT attempt for the previous slot fails.
Agreement: 

If a UL grant schedules a UL burst by multiple-subframe scheduling operation with Mode 1, Mode 1 is applied for all subframes of the UL burst.
Agreeement: 

The TBS of the Mode 2 partial UL subframe is scaled by the factor of 0.5.
Agreement: 

Re-interpret the legacy bit field in 0A/0B/4A/4B for indicating the starting positions of {#7, #7+25us, #7+25us+TA, #8} when a Mode 2 partial subframe is scheduled.
Agreement: 

When UCI is sent along with UL-SCH, the UCI is rate-matched in the 2nd slot of a subframe with Mode 1 operation, regardless this Mode 1 subframe is actually full or partial.
Agreement: 

UCI is rate-matched in the 2nd slot of the Mode 2 partial UL subframe.
Agreement: 

The TBS of a subframe ending at symbol #6 is scaled by a factor of 0.5 

Agreeement: 

UCI is rate-matched in the 1st slot of a subframe ending in symbol #6.
Autonomous UL Access

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.
Agreement:
· If the UE receives a UL grant or an AUL-DFI, the contention window size for all the priority classes is adjusted as following:

· The contention window size at the UE is reset for all the priority classes if: 

·  A UL grant is received and the NDI bit for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref is toggled ; OR

· An AUL-DFI is received and indicates ACK for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref

· The contention window size of all priority classes at the UE is increased to the next higher value if:

· A UL grant is received and the NDI bit(s) of all the active HARQ processe(s) for the reference subframe are not toggled; OR

· A UL grant is received and does not schedule any active HARQ process (i.e. TB not disabled) for the reference subframe; OR

· An AUL-DFI is received which does not indicate ACK for at least one of the active HARQ processes for the reference subframe.

· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts. 

· K is selected by UE implementation from the set of values from (1, …,8).

· The NDI value(s) received in the UL grant or the HARQ-ACK value(s) received in the earliest AUL-DFI after n_ref+3 is used for adjusting the CWS, where n_ref is the reference subframe.

· HARQ_ID_ref is the HARQ ID of n_ref.

· RAN1 shall specify the CWS adjustment for the case of no A/N reception until which the UE is not allowed to perform Cat.4 LBT and transmit AUL in case of no A/N  or UL grant reception.

· FFS: Handling of ACK/NACK or UL grant in case multiple consecutive recent Cat.4 LBT AUL bursts were transmitted without waiting for any AUL-DFI or UL grant.

Agreement:
CP extension is transmitted from the AUL starting position until the start of symbol #1, and is less than one symbol long.

· FFS: if starting at subframe boundary

Agreement:
The reference subframe is the first subframe of the most recent UL (SUL/AUL) burst of contiguous subframes that is transmitted after performing a category 4 LBT procedure with the following timing:

· At least 4 subframes prior to a UL grant reception or an AUL Downlink feedback information 

· FFS: multiple reference subframes can be supported


The following two proposals was agreed based on email discussion [91-LTE-03]:
Autonomous UL Access

Proposal 1:   (Rapporteur’s note: This agreement is partially superseded by another agreement in RAN1#92)
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.
The following proposals was agreed based on email discussion [91-LTE-11]:

Autonomous UL Access

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:
2.6
RAN1#92

In RAN1#92 in Athens, Greece, RAN1 reached the following agreements:

Additional starting and ending points for DL and UL

Agreement:
The following DCI fields are included for feLAA operation if the UE is configured on the LAA SCell with multiple starting or ending positions - i.e. feLAA PUSCH Mode 1, feLAA PUSCH Mode 2 (i.e. partial UL starting SF) and/or feLAA PUSCH Mode 3 (i.e. partial UL ending SF)
· DCI format 0A/4A

· PUSCH mode (2bits)

· ‘00’ indicating Rel. 14 PUSCH transmission (i.e. subframe PUSCH, PUSCH start [#0/#0+25us/#0+TA+25us/#1], PUSCH end after symbol #12 or 13)

· ‘01’ feLAA PUSCH Mode 1 (i.e. PUSCH starting [#0/#0+25us/#0+TA+25us/#1] or symbol #7 depending on LBT outcome, ending symbol #12 or 13) 

· ‘10’ feLAA PUSCH Mode 2 (i.e. PUSCH starting [#7/#7+25us/#7+TA+25us/#8], PUSCH ending after symbol #12 or 13)

· ‘11’ feLAA PUSCH Mode 3 (i.e. PUSCH start [#0/#0+25us/#0+TA+25us/#1], PUSCH ending after symbol #6)

· DCI Format 0B/4B

· PUSCH Mode 1 (1bit, present if configured with PUSCH Mode 1): ‘1’ indicating, if PUSCH mode 1 is applicable to scheduled PUSCH transmissions in both slots of an UL subframe. 

· PUSCH Mode 2 (1bit, present if configured with PUSCH Mode 2): ‘1’ indicating, if the PUSCH scheduled in the first subframe of the UL subframe burst is to start [#7/#7+25us/#7+TA+25us/#8]. 

· PUSCH Mode 3 (1bit, present if the configured with PUSCH Mode 3): ‘1’ indicating, that PUSCH in the last subframe of the scheduled UL burst is to end after symbol#6.  

Agreement: 

· Amount of physical resources for UCI transmission in a subframe is calculated based on two slots if that subframe is indicated as Mode 1 and is calculated based on one slot if that subframe is indicated as Mode 2 or as an ending partial SF.

· RI is mapped on symbol #1, #5 for ending partial SF, and mapped on symbol #8, #12 for a subframe indicated as Mode 1 or Mode 2. 

Agreement:
The UL ending partial subframe ending at symbol #3 is supported.

· TBS scaling factor for the partial subframe ending at symbol #3 is 1/8.

· The UL partial subframe ending at symbol #3 is signaled via Mode 3 indication and the reinterpretation of bit field for PUSCH ending position field (#3 or #6).

· UCI transmission in this case is not supported. 

Autonomous UL Access

Agreement:
· UE-specific RRC configuration per LAA SCell (per LAA carrier) 

· One bitmap per Scell indicating the applicable AUL subframes (40bits)

· AUL UL TM is configurable:

· The UE is not expected to be configured with UL TM 2 for AUL and UL TM1 for SUL on the same LAA Scell

· Activation/release DCI is LAA Scell specific and is transmitted on the UL scheduling cell for the LAA SCell
Agreement:
· For UL TM2 AUL, TB-specific NDI in AUL-UCI is supported (2 bits NDI in AUL-UCI)

· In case the UE receives in the AUL-DFI for UL TM2 Ack for one TB and NACK for the other TB, it is RAN1 understanding that the UE should retransmit for the NACK-ed TB and transmit new data on the other (i.e. Ack-ed) TB (if having data in the buffer). 

· Send an LS to RAN2 with capturing the above with the following guidelines:
RAN1 requests RAN2 to specify this in MAC for AUL LAA operation
Agreement:
· The size of DCI Format 0A is used for AUL activation/release/DFI for AUL TM1

· The size of DCI Format 4A is used for AUL activation/release/DFI for AUL TM2
Agreement:
The fields in the DCI formats for activation and release of AUL is as shown in the following table.

	Field
	Format 0A / AUL
Activation
	Format 0A
AUL Release
	Format 4A
AUL Activation
	Format 4A

AUL Release

	CIF (0/3)
	Used
	Used
	Used 
	Used

	Flag 0A/1A (1bit)
(reuse as DFI flag)
	Reuse as DFI flag: set to 0 
	Reuse as DFI flag: set to 0 
	NA
	NA

	PUSCH Trigger A (1bit)
	 set to 0 
	 set to 0 
	Reuse as DFI flag: set to 0 
	Reuse as DFI flag: set to 0

	Timing offset (4bit)
	 set to ‘0000’ for activation
	 set to ‘1111 for release
	 set to ‘0000’ for activation

 
	set to ‘1111 for release

	RB assignment (5/6bits)
	Used
	set all ‚1‘s 
	Used
	set all ‚1‘s 

	HARQ ID – 4bit
	 set to ‘0000’
	 set to ‘0000’
	set to ‘0000’
	set to ‘0000’

	RV – 2bits
	 set to ‘00’
	 set to ‘00’
	 set to ‘00’
	 set to ‘00’

	MCS 1 – 5bits
	Used
	set to ´11111‘ 
	Used
	set to ´11111‘

	MCS 2 – 5bit
	NA
	NA
	Used - MCS29 indicates CW disabling
	set to ´11111‘

	NDI 1 – 1bit
	Set to ‘0’
	Set to ‘0’
	Set to ‘0’
	Set to ‘0’

	NDI 2 – 1bit
	NA
	NA
	Set to ‘0’
	Set to ‘0’

	TPMI (3 – 6bits)
	NA
	NA

	Used
	Undefined

	TPC – 2bits
	set to ‘00’
	set to ‘00’
	set to ‘00’
	set to ‘00’

	CS & OCC – 3bits
	Used
	Set to ´000‘
	Used
	Set to ‚000‘

	CSI – 1 to 3 bits
	 set all to ‘0’
	 set all to ‘0’
	Set all to ‘0’ 
	Set all to ‘0’ 

	SRS – 1 / 2bits
	 set to ‘0’
	 set to ‘0’
	set to ‘00’ 
	set to ‘00’ 

	PUSCH start – 2bit
	set to ‘00’
	set to ‘00’
	set to ‘00’
	set to ‘00’

	PUSCH end – 1bit
	set to ‘0’
	set to ‘0’
	set to ‘0’
	set to ‘0’

	Channel access type – 1bit
	set to ‘0’
	set to ‘0’
	set to ‘0’
	set to ‘0’

	Channel access priority class – 2bits
	set to ‘00’
	set to ‘00’
	set to ‘00’
	set to ‘00’


Agreement: 

· The AUL DFI contains the following bit fields (in this order):

· CIF (0 or 3 bits)

· AUL DFI flag (1bit): set to ‘1’ to differentiate from AUL activation/release

· HARQ-Ack bitmap

· TPC for PUSCH (2bits)

· TPMI (3 or 6 bits, only present for AUL TM2) 

· Zero padding is applied to Format 0A (for UL TM1 AUL DFI) or Format 4A (for UL TM2 AUL DFI) aligned with the agreement on sizes. 
Agreement: 

· AUL-UCI has 16 bits CRC

· 16 bits UE ID is explicitly included in AUL-UCI payload in the form of UE-specific RNTI which is the same as RNTI defined for activation DCI and AUL-DFI.

· The AUL PUSCH scrambling sequence initialization uses n_RNTI = [0x0000]
· Note: it only depends on the slot number, cell ID, and the codeword number q

Agreement:

eNB configures the PUSCH ending symbol (i.e. 12 or 13) of the last AUL subframe in an AUL burst through RRC configuration 

Agreement:
The AUL-UCI contains the following fields: 
· HARQ ID (4 bits)

· NDI (1bit for TM1, 2 bits for TM2)

· RV (2 bits)

· UE ID (16 bits)

· PUSCH starting point (1 bit: indicating symbol 0 or 1)

· PUSCH ending point (1 bit: indicating symbol 12 or 13) 

· COT Sharing indication (1 bit: indicating if subframe n+X is an applicable subframe for UL to DL sharing)
· X is configured by the eNB as part of AUL RRC configuration and 1 < X < 5

· If the UE indicates a subframe as being applicable for UL to DL COT sharing, the UE will stop its AUL PUSCH transmission in the preceding subframe at symbol #12 irrespective of the RRC configuration for the PUSCH ending symbol
· CRC (16 bits)

Agreement:
Mode 1, mode 2, and mode 3 (ending) partial subframe are not supported for AUL transmission.

Agreement:
· AUL-UCI is always mapped using symbol #1 to #12.

· UL-SCH mapping assumes that symbol #0 to #13 are transmitted.

· Symbol #0 and symbol #13 are punctured from transmission, if not available, respectively.

· Note: interleaving procedure may be different than legacy multiplexed data+UCI.

Agreement:
Procedures (e.g. interleaver in 5.2.2.8) in 36.212 may need to be modified to reflect the agreements on AUL-UCI and Mode 1 subframe UCI mapping. 

Agreement:
· HARQ-Ack bitmap in AUL-DFI:

· AUL TM1: 16 bits (one HARQ-ACK-bit for each UL HARQ process)

· AUL TM2: 32 bits (one HARQ-ACK-bit for each UL HARQ process per TB)

· AUL-DFI additionally contain HARQ-ACK feedback for HARQ processes not configured for AUL transmissions

· Note: the feedback for those processes is only valid for CW adjustment procedure.
Agreement:
If scheduled UL is configured with TM2, and AUL with TM1, spatial bundling is used for the AUL-DFI HARQ-ACK corresponding to the HARQ processes not configured for AUL

Agreement:
The eNodeB may allow AUL within the eNodeB acquired shared COT in subframes belonging to the UL subframes indicated with C-PDCCH only if the COT is acquired using the largest priority class value.

· Enabling or disabling of AUL transmissions within an eNB shared COT is indicated via 1-bit field in C-PDCCH.

· if eNB indicates sharing allowed: for AUL transmissions the UE may send data corresponding to any priority class during the UL subframes indicated with C-PDCCH.

· if eNB indicates sharing disabled: The UE shall not transmit AUL during the UL subframes indicated with C-PDCCH.
· All UL subframes indicated with C-PDCCH within a single eNodeB acquired shared COT are contiguous*

· AUL transmissions of a UE within the shared COT are contiguous*

· Autonomous Uplink in FeLAA uses Type 2 channel access (25us LBT)

· An AUL transmission started within the subframes belonging to the UL subframes indicated with C-PDCCH shall not continue beyond the last indicated UL subframe

· DL-UL-DL switch is not allowed within a single COT

· All subframes (both scheduled and AUL) belonging to the UL subframes indicated with C-PDCCH are counted towards eNodeB COT, irrespective of whether an UL transmission occurs or not
· When there is no PDSCH transmission in the COT, AUL transmissions within an eNB shared COT is disabled via the indication in C-PDCCH.

* Short gaps (up to 2 symbols) between subframes are allowed similarly as in (e)LAA

Agreement:
A COT acquired by a UE using Cat4 LBT for AUL transmission can be shared with the eNB

· To utilize the COT acquired by the UE, the eNB shall send DL control information, including AUL-DFI or UL grant, to the UE which acquired the COT within remaining COT.

· For DL transmission within the UE acquired COT, the DL transmission is limited to a partial ending subframe of up to 2 OS length.
· The eNB may send control information to any UE.

· The last symbol of the AUL burst shall be dropped
· The eNB uses the same LBT procedure as for DRS
· CP extension up to 1OS – 25us can be transmitted by eNB before the start of the DL transmission within the UE acquired COT

· Note: UL-DL-UL sharing is not allowed.
Agreement:
Before a UE starts to transmit an AUL burst, the UE adjusts the CWS according with the following conditions:

· If there exist at least one previous Cat.4 LBT UL transmission, from the start subframe of which, N or more subframes have elapsed and neither UL grant nor AUL Downlink Feedback Information is received, where N = max (X, corresponding UL burst length+1) if X > 0 and N = 0 otherwise
· X is a RRC configured value, where

· X is equal to 0 or 5 subframes if the absence of other technologies on the same carrier cannot be guaranteed.

· X is equal to 0 or 10 subframes if the absence of other technologies on the same carrier can be guaranteed.
· For each such previous Category 4 LBT (SUL/AUL) transmission from the start subframe of which, N or more subframes have elapsed and neither UL grant nor AUL Downlink Feedback Information is received

· The contention window size of all priority classes at the UE is increased to the next higher value

· Each such previous Category 4 LBT transmission is used to adjust the CWS only once

· else if the UE starts a new Cat4. LBT UL transmission before N subframes have elapsed from the previous CAT.4 LBT and neither UL grant nor AUL Downlink Feedback Information is received, the CWS is unchanged. 

· if the UE receives feedback for one or more previous Category 4 LBT (SUL/AUL) transmission from the start subframe of which, N or more subframes have elapsed and neither UL grant nor AUL Downlink Feedback Information was received, it may recompute the CWS as follows:

· Step 1: it reverts the CWS to the value used to transmit the first burst of such previous Category 4 LBT transmission(s) 
· Step 2: it updates the CWS sequentially in order of the transmission of bursts:

· if the feedback indicates ACK for the first subframe of the burst, CWS is reset

· else (if the feedback indicates NACK or there is no feedback for the first subframe of the burst), the CWS is doubled 
· If the UE contention window size changes while a category 4 LBT procedure is ongoing, the UE draws a new random backoff counter and applies it to the ongoing LBT procedure
Agreement (supersedes the agreement from [91-LTE03]:
When an AUL UE is allocated to occupy the full channel bandwidth, i.e., all the interlaces, the UE is configured with a separate AUL-specific set of PUSCH starting offset values for each of the following cases

· For AUL transmissions outside of eNB obtained MCOT, the configured set is a subset of {16, 25, 34, 43, 52, 61, OS #1}.

· For AUL transmissions inside of eNB obtained MCOT, the configured set is a subset of {34, 43, 52, 61, OS #1}.

Note: The specific offset is randomly selected by the UE from the configured set.
Note: The specific offset that is randomly selected by the UE is not signaled to the eNB.

R1-1803164
WF on channel access for consecutive AUL and SUL bursts
LG Electronics, Broadcom, Intel, Ericsson, Huawei, HiSilicon

Agreement:
The UE shall terminate a category 4 LBT AUL burst at least one subframe before a category 4 LBT cross-carrier scheduled SUL burst 

R1-1803134
Draft LS on RRC parameters for FeLAA

Nokia

Final LS approved in R1-1803168 with a change of RAN1#92 to RAN1#91 in the first row of the spreadsheet
Appendix 1: List of agreements in RAN2
RAN2#99

RAN2 has reached the following agreements on Enhancements to LTE operation in unlicensed spectrum during RAN2#99:
Autonomous UL Access

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
Agreements

1
From RAN2 perspective, both new AUL transmission and retransmission can be performed via resource for autonomous uplink access.
2
Retransmission can be switched from autonomous uplink access to grant-based uplink access.
3
HARQ feedback for autonomous uplink access is supported. FFS: the details of HARQ feedback depends on RAN1.
4
FFS: A maximum number of retransmissions for autonomous uplink access is defined.
Agreements:

1
From RAN2 perspective, the HARQ protocol for the LAA autonomous uplink access should support asynchronous HARQ retransmissions similar to legacy LAA HARQ.
2
It is FFS, the UE behavior upon reception (or not reception) of an HARQ feedback.
Agreements:

1
MAC CEs are allowed to be sent via autonomous uplink transmission
2
If there is resource for both grant-based and autonomous transmission in a TTI for different cells, it is left to UE implementation whether MAC CEs are sent through grant-based or autonomous transmission
Additional starting and ending points for DL and UL
=>
Additional starting and ending positions in a subframe for UL and DL does not seem to have any impacts to MAC. To RRC one needs to add any necessary new parameters once RAN1 has indicated those.
=>
DRX timer counting is in the unit of subframe as in eLAA. No specification changes are needed.
RAN2#99bis

In RAN2#99bis RAN2 reached following agreements:
Autonomous UL Access

Agreements:

1
The UE will send a confirmation for activation/deactivation of AUL on MAC CE. if multi-bit or zero-bit is FFS.
2
Not introduce data threshold to skip UL grant. Can be revisited if RAN1 have different understanding.

3
AUL transmissions can be restricted to a subset of logical channels. FFS introduce new IE or reuse existing signaling.
4
LCP procedure is not modified.

5
In the LAA autonomous UL access, HARQ processes are not tied to TTIs.

6
HARQ retransmissions of a certain transport block shall avoid issues with the RLC reordering procedures. FFS on how to solve this issue.

RAN2#100

In RAN2#100 RAN2 reached following agreements:
Autonomous UL Access

HARQ related topics:

Agreements

1
Add new separate RRC configurable timer X as follow:

-
When Timer X starts is FFS
-
Timer X is stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission

-
UE shall not retransmit before the timer X stops/expires.
2
UE can select the HARQ process for new AUL transmission when the following conditions are fulfilled:
-
the HARQ process for the corresponding HARQ process ID is not already being used for AUL (re)transmission in which HARQ ACK feedback has not been received for the HARQ process corresponding to the HARQ process ID 

-
The HARQ process ID is not used by a SUL grant unless it has been ACK as agreed in RAN1.
LBT and Logical channel limitation:

Agreements:

1
Channel access priority for each UL LAA allowed logical channel can be configured via RRC Connection Reconfiguration as part of the Logical Channel Configuration per DRB or all DRBs.

2
For AUL transmission, UE selects the lowest access priority class of the logical channel with MAC SDU multiplexed into the MAC PDU
3
MAC CEs have highest priority access class
RAN2#101

In RAN2#101 the following was agreed:
Autonomous UL Access

Agreements:

1
Introduce multi-bit activation/deactivation MAC CE confirmation.

2
Introduce new RNTI for activation/deactivation.

3
For the AUL confirmation MAC CE, same triggering procedures specified for the Rel.14 SPS confirmation are adopted, i.e. AUL confirmation triggered at reception of PDCCH indicating AUL release/activation.
SR:

Agreements:

1
No enhancement on SR triggering will be introduced in FeLAA. No specification changes are needed.  

2
No enhancement on SR cancellation will be introduced in FeLAA. No specification changes are needed.  

Agreements

1
When AUL is configured, the UE is allowed to retransmit a MAC PDU in a later AUL subframe (e.g. in the next AUL subframe) if the associated LBT procedure failed, without the need to wait for a SUL grant, HARQ feedback or expiry of the retransmission timer X. This agreement can be consulted RAN1 for the feasibility.

2
RAN2 understanding is that “Physical layer informs the MAC layer on the outcome of the LBT procedure (e.g., by ACK/NACK), so that MAC can trigger a retransmission in a later subframe, without the need to wait for a SUL grant or the expiry of the retransmission timer X.” How to capture the modelling can be further studied.

Agreements:

1
In FeLAA, no enhancement on BSR/PHR trigger and cancellation is introduced. 
2
It is up to UE implementation to solve issue of out of date BSR/PHR if necessary. 

FFS the impact on spec.

Agreements:
1
Timer X is maintained per HARQ process for AUL.
2
UE shall not use the AUL resource to perform both new transmission and retransmission for the same HARQ process before the Timer X stops/expires.
3
Start/restart the Timer X after the initial AUL transmission/AUL retransmission of a given HARQ process.
Appendix 2: List of agreements in RAN4
RAN4#84bis

In RAN4#84bis, following documents were approved:
Approved Documents:

R4-1711100
LTE feLAA work plan, Ericsson

R4-1711101
General RF impact analysis on FeLAA, Ericsson
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