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1 Introduction
The following agreements have been reached in RAN1 and RAN2 on UL transmission without grant and SPS:
	RAN2#99 [1]:
-	As in LTE SPS UL, retransmission for SPS UL transmission are based only on UL dynamic grant
LS from RAN1 [2]:
-	NR supports more than 1 HARQ process for UL transmission without grant
RAN1#85 [3]:
-	NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission
RAN1-NR#3 [4]:
-	Multiple resource configurations for UL tx without UL grant can be configured to a UE 
-	For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission



In addition, the following problems were raised in RAN2#99 [1]:
	Problems to think about:
-	HARQ identification for UL SPS with repetition and without repetition
-	Do we always transmit new data on SPS occasions or not?



In this contribution, we take a closer look at the issues surrounding HARQ identification in UL SPS and propose to extend LTE’s formula based approach to account for repetitions.
2 HARQ identification with and without repetitions
The HARQ PID for asynchronous UL HARQ in SPS is determined by a formula in LTE [5]:
	For configured uplink grants, the HARQ Process ID associated with this TTI is derived from the following equation for asynchronous UL HARQ operation:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo numberOfConfUlSPS-Processes,
where CURRENT_TTI=[(SFN * 10) + subframe number] and it refers to the subframe where the first transmission of a bundle takes place.





[bookmark: _Ref494203487]Figure 1: HARQ process to SPS occasion mapping in LTE
Each SPS occasion is associated with a HARQ process. The formula defines a round-robin association of HARQ processes to SPS occasions, as shown in Figure 1.
For UL grant-free transmissions in NR, RAN1 have introduced the concept of non-feedback based repetitions of an UL transport block. Repetitions increase the reliability of UL transmissions with low latency as the UE does not wait for feedback before retransmitting the transport block. 


[bookmark: _Ref494273748]Figure 2: Issues with HARQ process determination with repetitions
An issue raised in [6] surrounds the HARQ PID determination for SPS when repetitions are configured. 
· If formula from LTE is extended for NR, such that repetitions take place on subsequent SPS occasions, initial data transmission would be delayed to align with the start of the next set of repetitions as shown in Figure 2a.
· If formula from LTE is used for NR, and repetitions are interspersed with other HARQ processes as shown in Figure 2b, the low latency advantage of repetitions without feedback is lost.

In order to work around the issues mentioned above, the formula in LTE can be retained, with an additional note that the SPS resource corresponds to the HARQ process to be used by the first transmission of a set of repetitions. An SPS configuration with repetitions would include a HARQ PID configuration (using the formula from LTE) and a repetition pattern (defined by RAN1) as shown in Figure 3.


[bookmark: _Ref494276279]Figure 3: SPS configuration with repetitions for NR
On data arrival, the HARQ process corresponding to the next free SPS resource is selected for the transmission of the transport block. Subsequent repetitions of this transport block follows the pre-defined repetition pattern. These can take place on resources that are not linked to the same HARQ process as the initial transmission. 
An example is illustrated in Figure 4. PID 0 corresponds to the SPS resource used for the initial transmission and is the HARQ process used for the transmission of data. Subsequent repetitions take place on the resources that correspond to the repetition pattern defined in Figure 3.


[bookmark: _Ref494277417]Figure 4: Transmission of repetitions using an NR SPS configuration
On reception of data at the gNB, the repetition ID of the data is determined. Several mechanisms are being discussed in RAN1 to determine repetition ID, including the use of different cyclic shifts of DMRS or different time/frequency resources [7]. Once the repetition ID is known, the gNB can work out the SPS resource on which initial transmission took place. From this resource, HARQ process ID is derived as shown in Figure 5.


[bookmark: _Ref494278086]Figure 5: Determination of HARQ process at the gNB
An SPS configuration as defined above ensures that the HARQ process to SPS resource mapping stays the same with and without repetitions. If repetitions are configured by the gNB, the repetition pattern is overlaid on the common HARQ configuration. Such a configuration helps reduce initial data latency as well as its repetition latency to aid URLLC transmissions.
Proposal 1: An SPS configuration consists of a fixed HARQ to SPS resource mapping, with an overlaid repetition pattern if configured.
3 SPS resource utilisation
[bookmark: _Ref494208042]Another issue raised in [6] concerns unusable SPS occasions. If a HARQ process is awaiting feedback from the network, the SPS occasion corresponding to the HARQ process cannot be used for new data transmission. The problem is illustrated in Figure 6. The likelihood of SPS occasions being blocked increases as its periodicity reduces below HARQ round trip time. However the impact of unusable SPS occasions on latency reduces as the SPS periodicity reduces, as a new occasion is available quickly. An SPS configuration with reduced periodicity is likely to be used for URLLC services.
Proposal 2: RAN2 to consider whether the impact of blocked SPS occasions on URLLC is significant.


[bookmark: _Ref494204363]Figure 6: Issue with unusable SPS occasions
To work around the issue of unusable occasions, SPS could be configured such that multiple resources within the same occasion in time. Each of these SPS resources would be associated with a different HARQ PID. The UE would be able to select a HARQ PID from the available PIDs for an UL SPS occasion. HARQ PIDs not awaiting feedback from the network would be considered as available by the UE. 


[bookmark: _Ref494283577]Figure 7: HARQ to SPS resource mapping with N SPS resources within an SPS occasion
The number of SPS resources within an SPS occasion ‘N’ would be part of the SPS configuration provided by the gNB. The formula linking HARQ process to SPS resource could be extended to factor in the N resources within an SPS occasion. The value of N could range between 1 (only one HARQ PID associated with an SPS occasion like LTE) and the maximum number of HARQ processes (fully-asynchronous with all HARQ processes available on all SPS occasions) as shown in Figure 7.
A configuration with multiple resources in an SPS occasion solves the issue of unusable SPS resources. However it comes at the cost of resource efficiency. For contention-based grant-free transmission, the resource overhead may not be significant as the resources would be shared between users. For contention-free SPS transmissions, the resource overhead may be significant. In URLLC deployment scenarios, it may be reasonable to sacrifice resource efficiency to achieve low latency. As the gNB is aware of the scenario, it can choose the value of N to make the right trade-off between service requirements and resource efficiency.
Proposal 3: The SPS configuration allows more than one SPS resource to be configured within an SPS occasion.
4 Conclusions
In this submission, we took a closer look at issues surrounding HARQ process ID determination for UL grant-free/SPS transmissions and propose that:
Proposal 1: An SPS configuration consists of a fixed HARQ PID to SPS resource mapping, with an overlaid repetition pattern if configured.
Proposal 2: RAN2 to consider whether the impact of blocked SPS occasions on URLLC is significant.
Proposal 3: The SPS configuration allows more than one SPS resource to be configured within an SPS occasion.
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