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Introduction
This contribution discusses some of the remaining HARQ related items and address some of the FFS items from [1].
Discussion 
Interaction of Timer X and DRX mode
In the last RAN2 meeting, it is agreed that Timer X is per HARQ process and is (re)started after after the initial AUL transmission or subsequent AUL retransmission.  Since connected mode DRX may or may not be configured, the configuration of Timer X and DRX should be kept separate.
Proposal 1: Configuration of Timer X and DRX should be kept separate
Although Timer X is a separate timer to the DRX timers, in DRX operation, it would be desirable to align the time duration of UL-HARQ-RTT + drx-ULRetransmission and Timer X.  If the timers are not aligned, the following 2 possibilities may happen:
Case 1: If Timer X value is shorter than UL HARQ RTT_Timer value + drx-ULRetransmissionTimer value, it reduces the opportunity for the network to perform HARQ feedback and/or schedule SUL retransmission grant to the UE. This may result in UE unnecessary retransmits on AUL opportunity and waste UE power.
Case 2: If Timer X value is longer than UL HARQ RTT_Timer value + drx-ULRetransmissionTimer value, it may unnecessary delay the AUL retransmission. Also the network is not able to perform HARQ feedback and/or schedule SUL retransmission grant to the UE after the drx-ULRetransmissionTimer expiry.
To prevent both cases from happening, one simple way is to restrict Timer X value to be the same as UL HARQ_RTT_Timer value + drx-ULRetransmissionTimer value. 
Alternatively, it may be by design that Timer X can be longer than the DRX timer (as in case 2), in order to control the amount of AUL retransmission of a HARQ process. In this case, the constraint should be that Timer X can have value greater or equal to UL HARQ RTT_Timer value + drx-ULRetransmissionTimer value
Such network constraint can be added in the field description as follow (an example below for the case to set Timer X the same as UL HARQ RTT Timer):
Example text for 36.331
retransmissionULTimer 
This timer is used to restrict both new transmission and retransmission for the same HARQ process for AUL operation as described in TS 36.321 [6]. Value 0 corresponds to 0ms etc. E-UTRAN configures the retransmissionTimer equals to  UL_HARQ_RTT_Timer value plus drx-ULRetransmissionTimer value if DRX-Config is present. 
Proposal 2: RAN2 discuss whether to include such network constraint and if so, decide whether the constraint should be:
- restrict Timer X value to be the same as UL HARQ_RTT_Timer value + drx-ULRetransmission value, or
- restrict Timer X value to be greater or equal to UL HARQ RTT_Timer value + drx-ULRetransmissionTimer value

Need of Number of HARQ retransmissions
From RAN2 99bis agreements, it is agreed that RLC reordering issue should be avoided:
	HARQ retransmissions of a certain transport block shall avoid issues with the RLC reordering procedures. FFS on how to solve this issue.



There are two ways to limit the number of retransmission, one way is to use a counter, similar to synchronous HARQ that set a limit based on a configurable counter maxHARQ-Tx. Another way is to use a configurable timer. Due to the asynchronous nature of AUL with all transmissions are subject to LBT, we believe the timer option is more appropriate. When this AUL HARQ retransmission timer expired, the UE will flush the HARQ buffer to prevent subsequent AUL retransmission. This timer should covers both retransmission due to HARQ NACK and no AUL-DCI for a HARQ process. 
Proposal 3: Introduce ae timer to limit the number AUL retransmission. This timer is configured by RRC and should start after the first AUL transmission for a particular HARQ process and stop when the transmission is ACKed. When the timer expires, the HARQ buffer is flushed to prevent subsequent AUL retransmission. The range of value is FFS.
The text proposal for introducing the timer to limit the AUL retransmissions are in Annex 5.1.
Modelling of the LBT feedback
In UL LAA, MAC assumes the UL transmission is always successful, regardless of the LBT status. But in RAN2#101, RAN2 agreed that 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:
	· 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.
· 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.



In this section, we discuss how the above agreement can be modelled in TS36.321. In eLAA, MAC just assumes the PUSCH transmission is always successful, regardless of LBT failure. If LBT is passed, this behaviour shall still be assumed by the MAC as before (i.e. the MAC HARQ entity will start the DRX timers for the HARQ process etc.).  In addition, for AUL transmission, the retransmissionULTimer (i.e. Timer X) is also started. As for the LBT failure case, L1 needs to indicate for this TB to the HARQ process that the TB has not be transmitted. This is similar to performing a non-adaptive retransmission for the HARQ process, as though the Timer X expires or stop without SUL grant. 
Proposal 4: If LBT is successful, there is no indication from the L1. UE MAC entity assumes that the PUSCH AUL transmission is successful and performs the necessary behaviour for DRX and HARQ operation. 
Proposal 5: If LBT is unsuccessful, L1 indicates the LBT failure to UE MAC entity. The UE MAC entity will model the receiving of the LBT failure indication as if it needs to perform a non-adaptive retransmission, as though the Timer X expires or stop without SUL grant.
The text proposal for introducing such mechanism is illustrated in Annex 5.2

Conclusion and proposals
Proposal 1: Configuration of Timer X and DRX should be kept separate
Proposal 2: RAN2 discuss whether to include such network constraint and if so, decide whether the constraint should be:
-  restrict Timer X value to be the same as UL HARQ_RTT_Timer value + drx-ULRetransmission value
- restrict Timer X value to be greater or equal to UL HARQ RTT_Timer value + drx-ULRetransmissionTimer value
Proposal 3: Introduce an AUL HARQ retransmission timer to limit the number AUL retransmission. This timer is configured by RRC and should start after the first AUL transmission for a particular HARQ process and stop when the transmission is ACKed. The range of value is FFS.
Proposal 4: If LBT is successful, there is no indication from the L1. UE MAC entity assumes that the PUSCH AUL transmission is successful and performs the necessary behaviour for DRX and HARQ operation. 
Proposal 5: If LBT is unsuccessful, L1 indicates the LBT failure to UE MAC entity. The UE MAC entity will model the receiving of the LBT failure indication as if it needs to perform a non-adaptive retransmission, as though the Timer X expires or stop without SUL grant.
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[1] R2-1804139 - Introduce feLAA in TS 36.321_v2, Ericsson, Mar 2018
Annex: Text Proposal

[bookmark: _Ref510380179]Changes for Number of HARQ retransmission
--------------------------< Start of text proposal for TS36.321>--------------------------
< Unchanged parts are omitted >
5.4.2.2	HARQ process
If the HARQ entity requests a new transmission, the HARQ process shall:
-	if UL HARQ operation is synchronous:
-	set CURRENT_TX_NB to 0;
-	set HARQ_FEEDBACK to NACK;
-	set CURRENT_IRV to 0;
-	else:
-	if UL HARQ operation is autonomous asychronous:
-	set HARQ_FEEDBACK to NACK.
Editor´s note: FFS on whether to set CURRENT_IRV to 0 when a new AUL transmission is requested.-	set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information.
· start the maxRetransmissionTimer

-	store the MAC PDU in the associated HARQ buffer;
-	store the uplink grant received from the HARQ entity;
-	generate a transmission as described below.
If the HARQ entity requests a retransmission, the HARQ process shall:
-	if UL HARQ operation is synchronous:
-	increment CURRENT_TX_NB by 1;
-	if the HARQ entity requests an adaptive retransmission:
-	store the uplink grant received from the HARQ entity;
-	set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;
-	if UL HARQ operation is synchronous; or
-	if UL HARQ operation is autonomous asynchronous:
-	set HARQ_FEEDBACK to NACK;
-	generate a transmission as described below.
-	else if the HARQ entity requests a non-adaptive retransmission:
-	if UL HARQ operation is asynchronous or HARQ_FEEDBACK = NACK:
-	if both skipUplinkTxSPS and fixedRV-NonAdaptive are configured and the uplink grant of the initial transmission of this HARQ process was performed on a configured grant and UL HARQ operation is not autonomous asynchronous; or
-	if the uplink grant is a preallocated uplink grant:
-	set CURRENT_IRV to 0;
-	generate a transmission as described below.
NOTE:	When receiving a HARQ ACK alone, the MAC entity keeps the data in the HARQ buffer.
NOTE:	When no UL-SCH transmission can be made due to the occurrence of a measurement gap or a Sidelink Discovery Gap for Transmission, or prioritization of V2X sidelink communication transmission described in subclause 5.14.1.2.2, no HARQ feedback can be received and a non-adaptive retransmission follows.
NOTE:	For asynchronous HARQ operation, UL retransmissions are triggered only by adaptive retransmission grants, except for retransmissions within a bundle.
To generate a transmission, the HARQ process shall:
-	if the MAC PDU was obtained from the Msg3 buffer; or
-	if Sidelink Discovery Gaps for Transmission are not configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI, and, in case there is a configured grant for transmission of V2X sidelink communication on SL-SCH in this TTI, the transmission of V2X sidelink communication is not prioritized as described in subclause 5.14.1.2.2; or
-	if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is no Sidelink Discovery Gap for Transmission in this TTI, and, in case there is a configured grant for transmission of V2X sidelink communication on SL-SCH in this TTI, the transmission of V2X sidelink communication is not prioritized as described in subclause 5.14.1.2.2; or
-	if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is a Sidelink Discovery Gap for Transmission, and there is no configured grant for transmission on SL-DCH in this TTI, and, in case there is a configured grant for transmission of V2X sidelink communication on SL-SCH in this TTI, the transmission of V2X sidelink communication is not prioritized as described in subclause 5.14.1.2.2:
-	instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;
-	increment CURRENT_IRV by 1; 
-	if UL HARQ operation is synchronous and there is a measurement gap or Sidelink Discovery Gap for Reception at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:
-	set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.
Editor´s note: In RAN1#90-bis it was agreed: “FFS RV sequence followed by the UE”.
FFS if the UE needs to increment CURRENT_IRV by 1 when the UE performs AUL transmissions.
After performing above actions, if UL HARQ operation is synchronous the HARQ process then shall:
-	if CURRENT_TX_NB = maximum number of transmissions – 1:
-	flush the HARQ buffer;
If UL HARQ operation is autonomous asynchronous
· if maxRetransmissionTimer expires:
· flush the HARQ buffer;
Editor´s note: FFS on the need to trigger the flushing of the HARQ buffer, e.g. when CURRENT_TX_NB reached maximum number of retransmissions, or when a timer to flush the HARQ buffer expires.

End of changes
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--------------------------< Start of text proposal for TS36.321>--------------------------
< Unchanged parts are omitted >
[bookmark: _GoBack]5.4.2.2	HARQ process
Each HARQ process is associated with a HARQ buffer.
For synchronous HARQ, each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer, and a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.
The sequence of redundancy versions is 0, 2, 3, 1. The variable CURRENT_IRV is an index into the sequence of redundancy versions. This variable is up-dated modulo 4. For serving cells configured with pusch-EnhancementsConfig, BL UEs or UEs in enhanced coverage see subclause 8.6.1 in [2] for the sequence of redundancy versions and redundancy version determination. For NB-IoT UEs see subclause 16.5.1.2 in [2] for the sequence of redundancy versions and redundancy version determination.
For NB-IoT UEs, BL UEs or UEs in enhanced coverage for UL_REPETITION_NUMBER for Mode B operation, the same redundancy version is used multiple times before cycling to the next redundancy version as specified in Subclause 16.5.1.2, 8.6.1 and 7.1.7.1 in [2].
New transmissions are performed on the resource and with the MCS indicated on PDCCH or Random Access Response. Adaptive retransmissions are performed on the resource and, if provided, with the MCS indicated on PDCCH. Non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt.
For synchronous HARQ, the MAC entity is configured with a maximum number of HARQ transmissions and a maximum number of Msg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For transmissions on all HARQ processes and all logical channels except for transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmission of a MAC PDU stored in the Msg3 buffer, the maximum number of transmissions shall be set to maxHARQ-Msg3Tx.
For autonomous asynchronous HARQ, each HARQ process shall maintain a state variable HARQ_FEEDBACK, which indicates the HARQ feedback for the MAC PDU currently in the buffer.
When the HARQ feedback is received for this TB, the HARQ process shall:
-	set HARQ_FEEDBACK to the received value;
-	if running, stop the retransmissionULTimer. 
When the the notification of LBT failureLBT feedback is received for this TB from lower layers, the HARQ process shall:
-	set LBT_FEEDBACK to the received valueif running, stop the retransmissionULTimer;
-	if running, stop the UL HARQ RTT Timer.
Editor´s note: FFS whether MAC starts the UL HARQ RTT Timer after LBT outcome is ACKed, or whenever there is an AUL transmission occasion (and data to send) in this TTI (i.e. irrespective of the LBT outcome).
Editor´s note: FFS the terminology to use to indicate the LBT feedback from lower layers, e.g. LBT_FEEDBACK, LBT_OUTCOME, PHY_TX_FEEDBACK.
Editor´s note: FFS whether MAC starts the retransmissionULTimer after LBT outcome is ACKed, or whenever there is an AUL transmission occasion (and data to send) in this TTI (i.e. irrespective of the LBT outcome).
If the HARQ entity requests a new transmission, the HARQ process shall:
-	if UL HARQ operation is synchronous:
-	set CURRENT_TX_NB to 0;
-	set HARQ_FEEDBACK to NACK;
-	set CURRENT_IRV to 0;
-	else:
-	if UL HARQ operation is autonomous asychronous:
-	set HARQ_FEEDBACK to NACK;.
-	start the retransmissionULTimer.
Editor´s note: FFS on whether to set CURRENT_IRV to 0 when a new AUL transmission is requested.-	set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information.
-	store the MAC PDU in the associated HARQ buffer;
-	store the uplink grant received from the HARQ entity;
-	generate a transmission as described below.
If the HARQ entity requests a retransmission, the HARQ process shall:
-	if UL HARQ operation is synchronous:
-	increment CURRENT_TX_NB by 1;
-	if the HARQ entity requests an adaptive retransmission:
-	store the uplink grant received from the HARQ entity;
-	set CURRENT_IRV to the index corresponding to the redundancy version value provided in the HARQ information;
-	if UL HARQ operation is synchronous; or
-	if UL HARQ operation is autonomous asynchronous:
-	set HARQ_FEEDBACK to NACK;;
-     if UL HARQ operation is autonomous asynchronous:
-	start the retransmissionULTimer.
-	generate a transmission as described below.
-	else if the HARQ entity requests a non-adaptive retransmission:
-	if UL HARQ operation is asynchronous or HARQ_FEEDBACK = NACK:
-	if both skipUplinkTxSPS and fixedRV-NonAdaptive are configured and the uplink grant of the initial transmission of this HARQ process was performed on a configured grant and UL HARQ operation is not autonomous asynchronous; or
-	if the uplink grant is a preallocated uplink grant:
-	set CURRENT_IRV to 0;
-	generate a transmission as described below.
NOTE:	When receiving a HARQ ACK alone, the MAC entity keeps the data in the HARQ buffer.
NOTE:	When no UL-SCH transmission can be made due to the occurrence of a measurement gap or a Sidelink Discovery Gap for Transmission, or prioritization of V2X sidelink communication transmission described in subclause 5.14.1.2.2, no HARQ feedback can be received and a non-adaptive retransmission follows.
NOTE:	For asynchronous HARQ operation, UL retransmissions are triggered only by adaptive retransmission grants, except for retransmissions within a bundle.
To generate a transmission, the HARQ process shall:
-	if the MAC PDU was obtained from the Msg3 buffer; or
-	if Sidelink Discovery Gaps for Transmission are not configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI, and, in case there is a configured grant for transmission of V2X sidelink communication on SL-SCH in this TTI, the transmission of V2X sidelink communication is not prioritized as described in subclause 5.14.1.2.2; or
-	if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is no Sidelink Discovery Gap for Transmission in this TTI, and, in case there is a configured grant for transmission of V2X sidelink communication on SL-SCH in this TTI, the transmission of V2X sidelink communication is not prioritized as described in subclause 5.14.1.2.2; or
-	if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is a Sidelink Discovery Gap for Transmission, and there is no configured grant for transmission on SL-DCH in this TTI, and, in case there is a configured grant for transmission of V2X sidelink communication on SL-SCH in this TTI, the transmission of V2X sidelink communication is not prioritized as described in subclause 5.14.1.2.2:
-	instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;
-	increment CURRENT_IRV by 1; 
-	if UL HARQ operation is synchronous and there is a measurement gap or Sidelink Discovery Gap for Reception at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:
-	set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.
Editor´s note: In RAN1#90-bis it was agreed: “FFS RV sequence followed by the UE”.
FFS if the UE needs to increment CURRENT_IRV by 1 when the UE performs AUL transmissions.
After performing above actions, if UL HARQ operation is synchronous the HARQ process then shall:
-	if CURRENT_TX_NB = maximum number of transmissions – 1:
-	flush the HARQ buffer;
if notification of the LBT failure is received for this TB from lower layers
   - initiate a HARQ non-adaptive retransmission 

Editor´s note: FFS on the need to trigger the flushing of the HARQ buffer, e.g. when CURRENT_TX_NB reached maximum number of retransmissions, or when a timer to flush the HARQ buffer expires.

End of changes



