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Introduction
In RAN2#97bis, the following agreements were made in the chairman’s notes[1]:
Agreements on grant-free
=>	From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UEs.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.  

Agreements on SPS:
-	Like in legacy LTE, at least SPS period is configured by RRC. FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion. 
-	UL skipping for dynamic grant should be configurable.  FFS if UL skipping for SPS is configurable
-	Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.

In this paper, we discuss an enhancement HARQ feedback mode for data with high reliability requirement, such as URLLC data. General HARQ aspects of SPS UL in NR are provided in [2], our views on skip uplink are in [3] and some further SPS enhancements are in [4].

[bookmark: _Ref178064866]Discussion
UL feedback – assuming NACK
In the companion paper [2], we propose that as in LTE SPS UL, UE assume ACK unless a UL grant for retransmission is received. In another companion paper [3], we discuss the configuration of transmission behaviour similarly as in LTE, i.e. “SkipUplink”, where a UE does not transmit if it has an empty buffer. It should be noted that, with SkipUplink being configured, the network (gNB) does not expect a transmission in every resource specified by the SPS UL grant, and thus does not react if a transmission is not detected at the gNB. Therefore, no feedback from the network can imply either ACK, or that the transmission was not detected in gNB. Therefore, when SkipUplink is configured, resorting only to the UL grant for retransmission would bring an ambiguity to the transmitter (UE). This may be undesirable, as it leads to data loss if UE does not retransmit when a transmission is not detected. Such an error case can be recovered by higher layers but at the cost of increased latency.
[bookmark: _Toc478143073]When SkipUplink is configured, relying only on UL grant for retransmission can result in that the UE is unaware of transmission failure.
On the other hand, if the UE is configured so that it assumes NACK and waits for ACK feedback, the error case that the UE is unaware of the transmission failure can be mitigated. 
This mode of SPS feedback may lead to resource inefficiency in case of frequent uplink transmissions. For instance, ACK feedback would need to be sent for most of the UL transmissions since the BLER is low. And if the ACK is lost, then a redundant retransmission is triggered. However, this might be needed for packets that requires a very high reliability but in general has a lower traffic rate.
For SPS UL, a configurable feedback mode is introduced where the UE assumes NACK and waits for ACK feedback.
Since the feedback is one-bit information (DCI received or not received), this can be easily configured for a UE. For example, if DCI feedback is received, then this is interpreted as ACK and vice versa. 
The interpretation of a DCI feedback as NACK or ACK can be configured for a UE.
Retransmission 
This mode of operation is also connected to other concepts as laid out in the companion paper [2]. One is that a  maximum feedback time T is explicitly configured for the UE to wait for feedback, due to asynchronous HARQ operation. In this NACK-assumed mode of operation, this means that SPS retransmits the packet unless ACK is received from the network with the maximum feedback time T. 
In this NACK-assumed mode of operation for SPS UL, UE retransmits the packet unless ACK is received from the network within the maximum feedback time T.
The retransmission of the packet will be on the SPS UL resources. Since the frequency resources, MCS and etc. are configured for SPS by other means, for example by PDCCH, the re-transmission follows the configuration by SPS and hence, it is non-adaptive. Moreover, the initial re-transmission might be missed by the gNB and we should keep the same redundant version for the re-transmission. In addition, the retransmission should happen with the same HARQ process. This is in-align with SPS UL operation in LTE.
As in LTE SPS UL, re-transmission is non-adaptive with the same RV as the initial transmission, and on the same HARQ process.
In the companion paper [2], we have discussed PID handling for aysnchrnous HARQ in NR. As discussed there, there is no fixed timing on which HARQ process ID will be used for SPS UL as it is the case in LTE. Therefore, retransmission on the same HARQ process can be carried on the immediate next available SPS UL resource. 
Re-transmission can happen at the immediate next SPS UL resource. 

Repetition
This configurable feedback mode fits into the repetition framework. In RAN1, it has been agreed that for an UL transmission scheme with/without grant, K repetitions including initial transmission (K>=1) for the same transport block are supported. One of the main use cases for repetition is data with high-reliaibilty requirement. In this case, to satisfy the extreme reliability requirement, the number of repetitions is in general over-provisioned. In SPS UL, more repetitions might be needed than dynamic scheduling, because of the lack of dynamic MCS adjustment from the UL-grant. Hence, it is resource efficient if the remaining repetitions can stop once the gNB receives the data. This can further reduce excessive interferences due to the unnecessary repetitions. As a matter of fact, in RAN1, it has been agreed for further study that ”a UE may continue repetitions for a TB until one of the following conditions is met: an ACK is successfully received from gNB or the number of repetitions for the TB reaches K”. 
More precisely, a UE can be configured with a large number of repetitions, and it repeats the transmission until the ACK is received from the gNB and this ACK effectively stops the repetition.
For SPS UL configured with repetitions, UE stops sending the repetitions once an ACK feedback is received. 
This means that gNB should continuously try to decode, along with more repetitions are received in the UL. The gNB sends the ACK feedback once the decoding returns success. Noteworty, this is different from TTI-bundling in LTE where the HARQ feedback can only be sent after all the configured number of bundlings are received.
Unlike TTI-bundling in LTE, gNB can send an early ACK feedback before all repetitions are received. 
Starting from the first correctly decoded repetition, gNB can choose to transmit ACK-feedback for every subsequent repetition that has not been stopped yet. This should be independent of the decoding results of the subsequent repetition. It leads to a natural HARQ-ACK feedback repetitions and should be configurable at the gNB so that a reliabile ACK feedback is achieved. For example, the receiver performs a logical OR of the received ACK feedback, i.e., as soon as one ACK is received the repetition is stopped. 
For SPS UL configured with repetitions, UE stops sending the repetitions once one ACK feedback is received for any of its repetitions. 
Similar to the case without reptitions, if nothing is received from the network within the maximum feedback time T, then the UE assumes NACK and performs the retransmission.  
In SPS UL with repetitions, UE also retransmits unless ACK is received from the network within the the maximum feedback time T.

Conclusion
In section 2 we made the following observations:
1. When SkipUplink is configured, relying only on UL grant for retransmission can result in that the UE is unaware of transmission failure.
The interpretation of a DCI feedback as NACK or ACK can be configured for a UE.
Re-transmission can happen at the immediate next SPS UL resource. 
Unlike TTI-bundling in LTE, gNB can send an early ACK feedback before all repetitions are received. 
In SPS UL with repetitions, UE also retransmits unless ACK is received from the network within the the maximum feedback time T.

[bookmark: _GoBack]Based on the discussion and observations in section 2 we propose the following:
1. For SPS UL a configurable feedback mode is introduced: UE assumes NACK and waits for ACK feedback.
In this NACK-assumed mode of operation for SPS UL, UE retransmits the packet unless ACK is received from the network within the maximum feedback time T.
 As in LTE SPS UL, re-transmission is non-adaptive with the same RV as the initial transmission, and on the same HARQ process.
For SPS UL configured with repetitions, UE stops sending the repetitions once an ACK feedback is received. 
For SPS UL configured with repetitions, UE stops sending the repetitions once one ACK feedback is received for any of its repetitions. 
[bookmark: _In-sequence_SDU_delivery]
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