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Introduction
Uplink semi-persistent scheduling was discussed in the past RAN1 meetings as a solution that provides low latency UL transmission with little specification effort. In this contribution we provide further reasoning as to how this can address the use case and scenarios that is being considered in low latency communication. Also we discuss technical details of SPS design in NR. 
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URLLC use case and scenario
The low latency part of the URLLC targets scenarios where data needs to be transmitted with as little delay as possible, without a need to send scheduling request and wait to receive grant. Some examples of applications with low latency requirements are factory automation, robotics, tactile internet, vehicular traffic safety, etc.
All of these scenarios have one thing in common, that is they require data transmission with low latency, i.e. they are delay sensitive. It is however assumed that the end-to-end communication is established and there is no need for the two entities to perform handshakes. In this case the UE is in connected mode and has the resources available to send the data. From a scenario perspective, it does not matter how the resources are configured, (e.g. on which channel they are sent to the UE, etc.) as long as resources for this communication is made available to the UE.
As an example, in the factory automation scenario, low latency communication between the two ends is needed to send instructions and data back and forth. The assumption is that the two ends have already established a communication, and have the resources available. In other words, the target in this scenario is not to reduce the initial hand-shaking between the two entities, but instead it is to have the resources to send data while in operation.

A resource configuration that makes resources available to the UE so UL data can be sent without requesting a grant should be able to address the above use cases. However, it is desirable that the solution is flexible enough that the allocation and MCS can be changed if needed, and also resources can be deactivated as the UEs may move out of the cell.
UL semi-persistent scheduling
In semi-persistent scheduling in LTE, the periodicity of the resources that is being assigned for UL transmission is configured by RRC configuration, while resource allocation in frequency, MCS and activation/de-activation is signalled. 
This way of resource configuration can address different applications and use cases that were discussed in the previous section. As an example if we take the case of factory automation, the periodicity of the SPS in time is configured in advance and the activation together with the frequency allocation of the SPS resource is sent to the UE in PDCCH when the UE asks for it.  In case of V2X application where and when the UE may need to send an alarm in the UL, then the UE sends a SPS scheduling request right in the beginning. The advantage of L1 signalling is the flexibility of the method and the possibility of deactivating a UE that does not need the SPS resources.
UL SPS can address low latency requirements in URLLC services 

Some of the parameters that need to be configured for semi-persistent scheduling in LTE are periodicity, address, allocation, and MCS to be used in the SPS resources. Part of these parameters (periodicity, address) are configured semi-statically (SPS Configuration), and the rest are configured with PDCCH (SPS Activation). This allows for flexibility of the resource allocation and link adaptation, since a new SPS Activation message can be sent in any PDCCH. It can be assumed that in general a similar configuration is used for NR.
The general design for SPS in LTE can be reused in NR. Periodicity of the SPS is configured by RRC signalling, while frequency allocation, MCS and activation/deactivation can be configured by layer 1 signalling.

In semi-persistent scheduling with fast uplink access in LTE, the transmission opportunities are pre-configured with a periodicity. In addition, with Skip Uplink a UE uses the configured grant only when it has UL data to transmit to reduce unnecessary interference and battery consumption. Such features should be in NR too, and has been agreed in RAN2#97. So, it should be possible to configure whether a UE in SPS should transmit when it has empty buffer or not. With this feature, an acknowledgement is required upon receiving the SPS UL grant, to resolve misalignment of the UE status.
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The activation of UL SPS resource has to be acknowledged by UE, if the UE is configured not to transmit data when the UE buffer is empty.
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[bookmark: _Toc481487991][bookmark: _Toc481488025]For better resource utilization, the gNB may schedule several UEs on the same SPS resources. A first problem in that case is that the gNB should be able to first detect a UL transmission and also identify the UE that is transmitting the UL data. Even in the scenario where the payload is decoded but the UE is not identified, it will not be possible to signal successful reception to the corresponding UE. To address this, one could exploit diversity at PUCCH and PUSCH to have an associated transmission to assist the UE identification, since combined detection at PUCCH and PUSCH resources for UE identification could increase the detection probability. Thus, methods to increase the possibility of UE identification, even at the CRC-error cases should be investigated. This can be achieved by identification that is based on UE-specific reference signals such as DMRS. 
In ‎[2] evaluation assumptions for contention resolution based on DMRS which can be used for semi-persistent scheduling with shared resources are presented. 
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In LTE, UE assumes ACK unless a UL grant for retransmission is received. Since the UL BLER value usually would be kept within a small value, this procedure saves most of signalling overhead for feedback. 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 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 depending on the high layer configuration of the UE. Such an error case can be recovered by higher layers but at the cost of increased latency.
In SPS, the configured resources are in general reserved for fast uplink access. In addition to that, the available size and the density of resources are semi-statically configured, unable to dynamically adapt to variable network traffic conditions. Thus, the re-transmissions should be performed on dynamic granted resources, in which gNB also has the possibility to modify the grant. When the gNB fails to decode the UL transmission, it sends UL grant to UE for re-transmission. In this case, UE can interpret the HARQ feedback from whether the UL grant is received or not. 
At least retransmission for SPS UL transmission based on a dynamic UL grant is supported
Alternatively, 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. 
The risk that the UE is unaware of transmission failure is reduced by assuming NACK and waiting 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.

This new mode of SPS feedback may lead to resource inefficiency. For instance, the 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 new configurable feedback mode is introduced: UE assumes NACK and waits for ACK feedback.
There can be a maximum feedback time defined for receiving ACK. This means that SPS retransmits the packet unless ACK is received from the network with the maximum feedback timer T. 
In this new mode of operation for SPS UL, UE retransmits the packet unless ACK is received from the network within the maximum feedback timer T.

HARQ Process Handling for UL SPS
Due to asynchronous feedback nature, the UE does not have an exact timing of a possible UL grant for retransmission. Thus, a maximum feedback time T can be configured for the UE. If a maximum feedback time T is configured for the UE, it can proceed to reuse the HARQ process for new data after this time. During this maximum feedback time T, data has to be kept in the HARQ buffer in case that a UL grant for retransmission is received, and no new data can be transmitted with the same HARQ process. On the other hand, multiple HARQ processes can be used to transmit the new data while waiting for maximum feedback time T.
Multiple HARQ processes are needed for SPS UL.

In LTE SPS and fast UL framework with multiple HARQ processes, the HARQ PID is not indicated. Formulas have been specified (TS 36.321) to derive the HARQ PID from the absolute system frame number (SFN) and subframe number (which is known in both eNB and UE). In other words, the HARQ PID is synchronized, and eNB and UE are in-sync on which process ID to use on each TTI. As follows from the discussion above, this synchronicity restricts either gNBs flexibility in scheduling retransmissions, or UE’s ability to send new data. A more flexible solution of process ID determination for SPS UL in NR would therefore be desirable.
A synchronized HARQ ID assignment for initial SPS UL transmission is not efficient. 

One approach is to define an extended UCI format, and transmit the HARQ process IDs in the UCI. The UCI can be sent together with the data, but must be separately decoded by gNB. The UE can decide which HARQ process ID to use on its own. This is the most flexible approach. However, the UCI has to be reliably decoded by gNB so that gNB can schedule the re-transmission for the signaled process ID. It might be particularly important for data with high reliability requirement. This also puts a limitation on the number of bits in the UCI. Moreover, this extended and reliable UCI format may lead to extra overhead in SPS UL configured with small data and mini-slots.
For SPS UL, HARQ PID can be transmitted in an extended UCI format. 
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Conclusion
In section 2 we made the following observations: 
1. UL SPS can address low latency requirements in URLLC services 
The risk that the UE is unaware of transmission failure is reduced by assuming NACK and waiting for ACK feedback.
The interpretation of a DCI feedback as NACK or ACK can be configured for a UE.
In this new mode of operation for SPS UL, UE retransmits the packet unless ACK is received from the network within the maximum feedback timer T.
A synchronized HARQ ID assignment for initial SPS UL transmission is not efficient. 

Based on the discussion in section 2 we propose the following: 
1. The general design for SPS in LTE can be reused in NR. Periodicity of the SPS is configured by RRC signalling, while frequency allocation, MCS and activation/deactivation can be configured by layer 1 signalling.
UE can be configured by higher layer whether or not to transmit on a SPS grant resource when the UE has an empty buffer. 
The activation of UL SPS resource has to be acknowledged by UE, if the UE is configured not to transmit data when the UE buffer is empty.
At least retransmission for SPS UL transmission based on a dynamic UL grant is supported
For SPS UL a new configurable feedback mode is introduced: UE assumes NACK and waits for ACK feedback.
Multiple HARQ processes are needed for SPS UL.
For SPS UL, HARQ PID can be transmitted in an extended UCI format. 
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