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1 Introduction

In RAN2#100 meeting, we discussed the handling on HARQ timers and achieved the following agreements [1]. 

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.
In this contribution, we will discuss about these remaining issues in detail and give corresponding proposals.
2 Discussion
2.1 Definition of Timer X

In last RAN2 meeting, we achieved several agreements on Timer X as mentioned above, however, it is not clear whether the timer is maintained per HARQ process or per UE. It is obvious that the Timer X should be operated per HARQ process and the Timer X of a given HARQ process should not restrict the transmission of another HARQ process. Therefore, we ask RAN2 to clarify that the Timer X is maintained per HARQ process. 
Proposal 1: Timer X is maintained per HARQ process.

In addition, we only agreed that UE shall not retransmit before the timer X stops/expires. However, we think UE shall not perform new transmission for this HARQ process on AUL resource as well when the timer is running. Actually the motivation to introduce this timer is to request the UE waiting for the HARQ feedback or scheduled grant during this period. If the UE is allowed to perform new transmission on AUL resource for this given HARQ process when the timer is running, the HARQ buffer is flushed and it is not possible to retransmit this packet. Therefore, we ask RAN2 to clarify that UE shall not use the AUL resource perform both new transmission and retransmission for a HARQ process before the Timer X stops/expires.   
Proposal 2: UE shall not use the AUL resource to perform both new transmission and retransmission for a HARQ process before the Timer X stops/expires.
In addition, RAN1 already agreed AUL-DFI shall contain HARQ-ACK feedback for SUL transmissions using AUL-enabled HARQ IDs in order to avoid this HARQ process being blocked from new data transmission via AUL resource. And 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
However it seems not clear whether a timer was also introduced for a SUL transmission/retransmission of a given HARQ process if the SUL is using a HARQ process associated with AUL. There are three options listed as below:
Option 1: No timer is introduced 

For this option, after UE preforms SUL transmission/retransmission using AUL-enabled HARQ process, no timer is started/restarted. UE keeps waiting for explicit ACK feedback or scheduled dynamic uplink grant for retransmission. In this case, this HARQ process may be blocked from new data transmission via AUL resource. However since the transmission is scheduling-based, the eNB is aware of this ongoing transmission and is able to provide the HARQ feedback in time, in order to avoid blocking this HARQ process. 
Option 2: Timer X for AUL is reused

For this option, after UE preforms SUL transmission/retransmission using AUL-enabled HARQ process, Timer X is started/restarted. UE keeps waiting for explicit ACK feedback or scheduled dynamic uplink grant for retransmission before the timer stops/expires. When the timer is running, UE is not allowed to use the AUL resource to perform new transmission and retransmission for this HARQ process. In addition considering the motivation to introduce a timer is to avoid blocking the HARQ process from new transmission, UE shall assume ACK for this transmission when Timer X expires but no indication is received from the eNB (neither rescheduling UL grant nor AUL-DFI) and is allowed to perform new transmission with this HARQ process. Therefore, the handling on Timer X is different between AUL and SUL since for AUL the HARQ feedback is assumed as NACK when the Timer X expires and this will introduce additional complexity on the specification. 
Option 3: A new timer Y is introduced

For this option, a new timer Y is introduced for SUL transmission/retransmission using AUL-enabled HARQ process. The operation of this new timer is the same as that in option 2 except a new separate timer is introduced and maintained. The benefit is that this option is more simple compared with option 2 considering the specification aspect but the drawback is that additional complexity on UE implementation is introduced since one more timer needs to be maintained.

Actually in NR we have similar discussion and the final conclusion is one common timer is used for both AUL and SUL. Therefore we propose RAN2 to adopt option 2 and clarify the different handling on Timer X for AUL and SUL transmission/retransmission.

Proposal 3: A common Timer X is used for both AUL and SUL transmission/retransmission. 
Proposal 4: UE assumes the HARQ feedback as ACK when the Timer X expires if the previous transmission is SUL transmission/retransmission. 
2.2 Start of Timer X
In last RAN2 meeting, we agreed to add a new separate timer X to support the AUL retransmission and discussed when to start the timer X but without conclusion. Generally speaking, there are three options based on the online discussion as listed below. 
Option 1: Timer X is started after UL HARQ RTT timer expires
For this option, Timer X is started after UL HARQ RTT timer expires, this is mainly because when UL HARQ RTT timer is running, no UL HARQ retransmission grant is expected by the MAC entity. However, this will introduce additional complexity on the handling of HARQ timers. 
Firstly, the value of the Timer X depends on the value of UL HARQ RTT timer based on current RAN1 agreement that UE may sutonomously transmit after no indication is received from eNB for X subframes since the transmission. However, the value of ULHARQ RTT timer is not fixed but depends on the transmission mode. For LTE FDD, this value is set to 8 subframes, and for TDD, this is set to k + 4 subframes where k is the interval between the downlink transmission and the transmission of associated HARQ feedback. Therefore, the value of the Timer X also depends on the transmission mode and for TDD, the value is set to X-8 subframes, while for TDD, this is set to X-k-4 subframes, which introduces complexity when capturing the specificaiton. 

In addtion, the motivation to introduce this Timer X is to restrict the UE from performing retransmision and new transmission for this HARQ process not for PDCCH monitoring. Therefore it does not make sense to start the Timer X after UL HARQ RTT timer expires. Moreover, there is a case that if there is an AUL transmission opportunity before UL HARQ RTT timer expires, since the Timer X has not been started according to this option, UE may autonomously perform retransmission on this AUL resource, which is not a desired UE behavior. 
Option 2: Timer X is started after drx-ULRetransmissionTimer expires
UE starts drx-ULRetransmissionTimer after the expiration of UL HARQ RTT timer. Therefore, all the issues mentioned above for option 1 still apply for this option and are even more serious since based on this option, Timer X is started after both UL HARQ RTT timer and drx-ULRetransmissionTimer expire. 
Option 3: Timer X is started/restarted after the initial transmission/retransmission of a given HARQ process 
This option is the most simple and straightforward option, while introducing the least impact on the specification since the start of Timer X is not associated with the expiry of any existing DRX timers. In addition, starting the Timer X after the AUL transmission of a given HARQ process is the most aligned with the motivation to introduce this timer, i.e., after the initial AUL transmission, UE is not allowed to perform retransmission or new transmission for this HARQ process for a certain period. In NR, a similar timer was already introduced and is started/restarted after the initial transmission/retransmission regardless of whether repetition is configured or not. Therefore, considering the complexity as well as the motivation, we propose to start/restart the Timer X after the initial AUL transmission/AUL retransmission of a given HARQ process regardless of whether repetition is configured or not.
Proposal 5: Start/restart the Timer X after the initial AUL transmission/AUL retransmission of a given HARQ process regardless of whether repetition is configured or not. 

In addition, as mentioned in the previous section, a common Timer X is used for both AUL and SUL transmission/retransmission, therefore, the Timer X should be started or restarted after the initial SUL transmission or SUL retransmission of a given AUL-enabled HARQ process regardless of whether repetition is configured or not. 
Proposal 6: Start/restart the Timer X after the initial SUL transmission/SUL retransmission of a given AUL-enabled HARQ process regardless of whether repetition is configured or not. 
2.3 Stop of Timer X

In last RAN2 meeting, we agreed that Timer X is stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission. Considering the above agreement, there is one usecase that the Timer X is stopped upon reception of SUL grant for retransmission of a given HARQ process “n” and is not able to prevent the UE from using a configured grant close to this dynamic grant for new transmission as shown in Figure 1. 
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Figure 1

Since the actual transmission time for the scheduled dynamic grant on LAA SCell is flexible and indicated by DCI, it is possible that during the period between the reception of dynamic grant and the actual PUSCH transmission, there is some available configured AUL resource. In this case, since the Timer X is stopped, UE is allowed to perform both new transmission and retransmission on AUL. If retransmission is performed on AUL, we need to modify the current specification to set the HARQ feedback to NACK after reception of the DCI for retransmission and then the UE can perform this non-adaptive retransmission. The next question is whether the UE performs retransmission twice on both AUL and SUL, what is the benefit? Does the UE regenerate a new MAC PDU according to the received DCI if the TBS of the AUL PUSCH and the TBS indicated by the UL grant is different? After both transmissions are performed, if HARQ feedback is received, is it associated with AUL or SUL? Many issues may arise and need to be addressed, otherwise, the UE behavior is not clear. 
In addition, if new transmission on AUL is performed, the HARQ buffer is flushed and it is not possible to retransmit for the dynamic grant. Therefore, considering the complexity on the UE implementation as well as the specification, it is better to restrict the AUL transmission during the period between the reception of dynamic grant and the actual PUSCH transmission no matter whether it is a new transmission or retransmission. The most straightforward solution is to restart the Timer X upon reception of an uplink grant. Actually in NR_AH meeting, similar issue was discussed and the final conclusion is the Timer X is restarted when a dynamic grant is received for a (re-)transmission for this HARQ process [2]. 
Therefore, we propose to adopt the same solution here for AUL, i.e. upon reception of a dynamic grant for transmission/retransmission for a given AUL-enabled HARQ process, Timer X is started/restarted to prevent the UE from utilizing the AUL resource during the period between the reception of dynamic grant and the actual PUSCH transmission. However, when explicit HARQ feedback is received, there is no need to restart the timer. UE can just stop the Timer X as we agreed in last RAN2 meeting. 
Proposal 7: Start/restart the Timer X upon reception of a dynamic grant for transmission/retransmission for a given AUL-enabled HARQ process. 
Proposal 8: Confirm that Timer X is stopped if explicit HARQ feedback is received. 
3 Conclusion

In this contribution, we discuss about issues related to the handling on Timer X including the definition, when to start and when to stop and we have the following proposals. 
Proposal 1: Timer X is maintained per HARQ process.

Proposal 2: UE shall not use the AUL resource to perform both new transmission and retransmission for a HARQ process before the Timer X stops/expires.

Proposal 3: A common Timer X is used for both AUL and SUL transmission/retransmission. 

Proposal 4: UE assumes the HARQ feedback as ACK when the Timer X expires if the previous transmission is SUL transmission/retransmission. 
Proposal 5: Start/restart the Timer X after the initial AUL transmission/AUL retransmission of a given HARQ process regardless of whether repetition is configured or not. 

Proposal 6: Start/restart the Timer X after the initial SUL transmission/SUL retransmission of a given AUL-enabled HARQ process regardless of whether repetition is configured or not. 
Proposal 7: Start/restart the Timer X upon reception of a dynamic grant for transmission/retransmission for a given AUL-enabled HARQ process. 

Proposal 8: Confirm that Timer X is stopped if explicit HARQ feedback is received. 
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