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1.
Introduction

In previous RAN2 meetings, whether the HARQ process has to flush the HARQ buffer in NR raised some online and offline discussions but without any consensus. Meanwhile, the same issue was discussed in LTE as well. This paper intends to further investigate the “error case” of UL HARQ procedure in NR and provide our view on how to handle this in specification.
2. Discussion
In NR, synchronous UL HARQ is not supported and no PHICH is introduced. Therefore, the HARQ process doesn't flush the HARQ buffer except for cases, e.g. ra-ContentionResolutionTimer exipires, TA timer expires and SCell is deactivated. However, as introduced in [1], if the UE skips the configured grant, but receives a dynamic grant on PDCCH addressed to CS-RNTI later. In this case, according to current MAC spec [2], the HARQ entity will handle this dynamic grant in the following two options. 
1. Ignore the dynamic grant addressed to CS-RNTI (when the HARQ buffer is empty)

2. Trigger a retransmission (when the HARQ buffer is not empty)
Then, when “the HARQ buffer is not empty with a previously transmitted MAC PDU”, the UE will retransmit the out-of-dated MAC PDU as a result of misunderstanding between UE and gNB. Due to the fact that the periodicity can be configured to be very small for URLLC, it is likey that the UE ignores a grant frequenctly. In addition, because the resources of configured grant can be shared among multiple UEs, gNB may decode one TB but mismakes for another UE thereby cauing the “error case”. If the MAC PDU contains some control information, it will negatively impact the gNB scheduling.
Observation 1: It is beneficial for UL HARQ procedure to address the error case that the gNB mistook for a transmission from the UE even though previous configured grant is skipped.

With the introduction of flushing HARQ buffer, the error case can be resolved becasue the HARQ entity will never enter the retransmsion branch. Generally, there are two possible alternatives regarding when to flush the HARQ buffer:
· Alt 1. The configruedGrantTimer associcated with the HARQ process expires. 
· Alt 2. The HARQ entity skips the configured grant.
For a configured grant, configuredGrantTimer is introduced to “protect” potential retrasnmission. It was agreed that when the timer expires, the UE assumes “ACK”. Then, the UE shall use configured grant of the same HARQ process for new transmissions. Actually, we see some similarity in flushing HARQ buffer in LTE synchronous UL HARQ as follows with the only difference that the “maximum number of transmissions” is replaced by a “timer”,
-
if CURRENT_TX_NB = maximum number of transmissions – 1:
-
flush the HARQ buffer;

Actually the similar mechanism has already been in RA procedure where the HARQ process will flush MSG3 HARQ buffer when the ra-ContentionResolutionTimer expires. So Alt 1 is more aligned with LTE. Moreover, the timer is started/restared due to an actual transmission, so “time exipires” means there is an actual MAC PDU in the buffer, which avoids unnecssarially frequent flushing even when no MAC PDU avialble as in Alt 2, especially for repetitions. 
Proposal 1: For a configured grant, the HARQ process shall flush the corresponding HARQ buffer when the associated configuredGrantTimer expires.
In the last RAN2 meeting, some companies intended to apply HARQ buffer flushing to dynamic grant as well to align with configured grant. Due to lack of a timer, the HARQ buffer can be only flushed when the UE skips a dynamic grant. However, according to the current HARQ procedure, if the HARQ buffer is empty, when receiving a grant on PDCCH, the HARQ entity will always trigger a new transmission even if the NDI indicates a retransmission request as follows. As a result, the UE behaviour is not with configurd grant case where the grant addressed to CS_RNTI shall be ignored,


Observation 2: When receiving a retransmission grant addressed to C-RNTI, the UE behaviour is not aligned with that for a grant addressed with CS-RNTI if HARQ buffer flushing also applies to a dynamic grant.
We recalled the original intention of that is to handle error case of a lost UL grant, if the UE misses a dynamic grant after flushing the buffer, it may happen to receive two consecutive grants with the same NDI value even though the latter attempts to trigger new transmission [3]. For this case, the UE should assume that a grant was lost and shall consider the next transmission a new transmission to use the following valid grant (actually it is for new transmission). However, when the UE skips a dynamic grant, the NDI value can be still kept of this grant, and therefore the UE will not mistake the NDI toggling. However, the gNB may not know timing of flushing the HARQ buffer due to skipping an uplink grant. Hence it is very likely for the gNB to schedule a retransmission when the “error case” occurs as analyzed. Therefore, it is more reasonable for the UE to ignore the retransmission grant if the transmission of the same HARQ process was skipped or ignored as for CS-RNTI. Otherwise, the UE may even trigger a new transmission with the stored TBS (if RV is not 0 in retranmission DCI) while the intention of NW is to trigger a retransmission, which causes misunderstanding between UE and gNB, so the UE will send another “wrong” packet again.  
Proposal 2: For a dynamic grant, the HARQ entity shall ignore the grant addressed to C-RNTI when the HARQ buffer is empty and the previous transmission of the same HARQ process is skipped or ignored, as for a configured grant. 
3. Conclusion
This paper further discussed the “error case” for UL HARQ procedure in NR, and made the following observation and proposal by giving detailed analysis.
Observation 1: It is beneficial for UL HARQ procedure to address the error case that the gNB mistook for a transmission from the UE even though previous configured grant is skipped.

Observation 2: When receiving a retransmission grant addressed to C-RNTI, the UE behaviour is not aligned with that for a grant addressed with CS-RNTI if HARQ buffer flushing also applies to a dynamic grant.
Proposal 1: For a configured grant, the HARQ process shall flush the corresponding HARQ buffer when the associated configuredGrantTimer expires.

Proposal 2: For a dynamic grant, the HARQ entity shall ignore the grant addressed to C-RNTI when the HARQ buffer is empty and the previous transmission of the same HARQ process is skipped or ignored, as for a configured grant. 
In addition, a CR can be found in [4]. 
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3>	if the uplink grant received on PDCCH was addressed to CS-RNTI and if the HARQ buffer of the identified process is empty; or


3>	if the uplink grant is part of a bundle of the configured grant and if no MAC PDU has been obtained for this bundle:


      4>	ignore the uplink grant.








3>	else:


     4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process;


     4>	instruct the identified HARQ process to trigger a retransmission;








2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or


4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;








