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1.
Introduction

In last RAN2 meeting, whether the HARQ process has to flush the HARQ buffer in NR raised some online and offline discussions but without any consensus. 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 MAC entity doesn't need to maintain the CURRENT_TX_NB. Consenquently, the HARQ process doesn't flush the HARQ buffer except for the cases, e.g. Contention Resolution fails, 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 

2. Trigger a retransmission

Then, we can conclude that the “tricky issue” only happens in the case that “HARQ buffer is not empty”. Then HARQ entity will trigger a retransmission with a previous transmitted MAC PDU, but the fact is that the UE didn't transmit a MAC PDU in the previous transmission opportunity. Actually, we think it should be regarded as an error case because gNB mistook for an actual transmission from UE that cannot be decoded successfully. For a configured grant, due to the fact that the periodicity can be configured to be very small for URLLC, we see it is very possible that the UE skips one configured grant. Given that the resources of configured grant can be shared among multiple UEs, it is also likely that gNB decodes one TB but mismakes for another UE thereby cauing the “error but not rare case”. From the integrity of the MAC spec point, it is beneficial to handle the error case for a configured grant. However, given that dynamic scheduling is based on BSR, skipping the dynamic grant can be a rare case, so we don't think it is worthy resolving the issue for a dynamic grant, which is indeed a “rare error case”. 
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.

It is also noted that the similar problem may arise in case that initial DCI with the HARQ process of a configured grant was “missing”. More specifically, when the “special” DCI addressed to C-RNTI is not delivered to MAC, e.g. CRC check failure in the physical layer. Then, the MAC entity will not trigger any transmission in the scheduled PUSCH with a same effect of “skipping”. Therefore, the solution should address the “initial DCI missing” for the uplink grant with the HARQ process of a configured grant as well as “skipping grant”.
Observation 2: The issue of initial DCI missing for the uplink grant with the HARQ process of a configured grant should also be addressed with the same effect of “skipping”.
Generally, there are three possible alternatives to handle the error case:
1. The HARQ entity ignores the uplink grant addressed to CS-RNTI only if no previous transmission was performed.
2. The HARQ process flushes the HARQ buffer when
2.1 The configruedGrantTimer associcated with the HARQ process expires. 
2.2 The HARQ entity skips the configured grant.
Given that the MAC entity doesn't maintain the number of transmissions for this TB, so it is no more suitable for the MAC entity to trace if no previous transmission of the same HARQ process was performed as in 2.1. 
For a configured grant, configuredGrantTimer is introduced to control the transmission of configured grant due to lack of explicit ACK. It was agreed that when the timer expires, the UE assumes “ACK”, i.e., the UE regards the PUSCH transmission is successful without waiting for “feedback” from gNB any more. Then, the UE is able to use the configured grant of the same HARQ process for new transmissions. Actually, it plays the similar role as “maximum number of HARQ transmissions” configured by RRC in LTE for synchronous UL HARQ as follows where the “number of transmissions” is replaced by the “timer”, 
-
if CURRENT_TX_NB = maximum number of transmissions – 1:
-
flush the HARQ buffer;

Similarly, if the HARQ process flushes the HARQ buffer when the configuredGrantTimer expires, if configured, for the corresponding HARQ process. Then, if the UE receives a dynamic grant addressed to CS-RNTI, the HARQ entity shall ignore the configured as a result of “HARQ buffer is empty” thereby resolving the error case without impact on HARQ entity operation, which is also more aligned with LTE procedure. Actually the similar mechanism has already supported in RA procedure where the HARQ process will flush the MSG3 HARQ buffer when the ra-ContentionResolutionTimer expires. So it is not completely new to NR. Moreover, because the timer is started/restared due to actual transmission, “time exipires” means there is an actual MAC PDU in the HARQ buffer, which avoids frequent flushing operation regardless of MAC PDU available in HARQ buffer as in 2.2, especially in consideration of repetitions. It can be seen as well that only 2.1 can be used to address the issue of “initial DCI missing” mentioned above by “early HARQ buffer flushing”. Therefore, 2.1 should be captured in the current UL HARQ procedure.
Proposal: The HARQ process shall flush the HARQ buffer when the configuredGrantTimer expires for the corresponding HARQ process.
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: The issue of initial DCI missing for the uplink grant with the HARQ process of a configured grant should also be addressed with the same effect of “skipping”.
Proposal: The HARQ process shall flush the HARQ buffer when the configuredGrantTimer expires for the corresponding HARQ process.

In addition, a CR can be found in [3]. 
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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;











