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Enhancements to configured UL grant operation are currently being studied under the Rel-16 URLLC SI [1]. At the RAN1 #94bis meeting it was agreed to further study the following options:
· Option 1: multiple active configured grant configurations for a BWP of a serving cell
· Option 2: repetition(s) across the boundary of a period P
· Option 3: one transmission cross boundary of a period P 

Subsequently, the following preliminary agreements were reached at the RAN1 #95 meeting [2]
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing

· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant

· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant
· Study how to resolve gNB’s missed detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered
This contribution progresses the discussion on further details of single and multiple active configured grant configurations to support the URLLC scenarios targeted for Rel-16. Furthermore, we discuss the necessity of explicit HARQ-ACK for configured PUSCH including evaluation results of PUSCH missed detection.

Discussion
On support of single and multiple active configured grant configurations
As a first step we list some design goals to meet the Rel-16 URLLC/IIOT requirements:
· Minimize alignment delay for random packet arrivals.
· The aggregate configured grant (CG) transmission duration (across all repetitions) should be sufficient for desired reliability.
· Unambiguous determination of a PUSCH from a CG if a UE is configured with multiple active CGs.
· Unambiguous determination of HARQ process IDs.

For random arrivals, the alignment latency is minimized by providing multiple configured transmission opportunities within a slot. In addition, roughly the same total transmission duration across repetitions is required to ensure reliability. In other words, if configured, K repetitions should be transmitted regardless of slot boundaries. 
One way to achieve these objectives is by providing a UE with multiple CG configurations. In contrast to Rel-15 slot-based repetitions, it should also be possible to configure mini-slot-level granularity depending on the target end-to-end latency.
Proposal 1: both slot-based and mini-slot-based repetitions should be supported in Rel-16.

Comparison of scheduling formats for multiple active CG configurations
There are two possible scheduling formats to ensure the configured number of mini-slot based repetitions or more precisely the same total duration across all repetitions in a bundle. Figure 1(a) shows a first case where the UE is configured with at most 2 repetitions depending on the starting symbol within the slot and the possibility that for a fixed total duration the PUSCH would cross a slot boundary. This is similar to one of the options agreed for further study for dynamic UL grants [2], and for which we provide some analysis in a companion contribution in [3]. The downside of this approach is when multiple CG configurations are provided to a UE to minimize the UL alignment delay. Based on Rel-15 specification the TBS is determined by the PUSCH duration in the first repetition and it would be difficult to ensure similar PUSCH performance across all CG configurations as the first repetition is of different sizes as shown in Figure 1(a).


[bookmark: _Ref534999618]Figure 1 Illustration of mini-slot-based repetitions: (a) Option 1: Up to 2 mini-slots across a slot boundary, (b) Option 2: equal mini-slot durations

Another option is to configure equal PUSCH durations, shown as Option 2 in Figure 1(b). This option addresses the shortcomings of Option 1 in Figure 1(a). However, one disadvantage could be the increased DMRS overhead since each PUSCH within a slot requires DMRS. One way to mitigate the overhead penalty is DMRS sharing across repetitions in a slot provided the repetitions are contiguous in time and frequency. A second issue with Option 2 is that the total latency depends on the starting offset within a slot for the first PUSCH repetition because if a PUSCH would cross the slot boundary it is delayed to the next slot. A third issue is with detection of a transmitted CG configuration if the gNB misses the first PUSCH repetition. As also discussed during the LTE HRLLC standardization it is possible to configure different DMRS configurations for each CG configuration enabling the gNB to determine which CG is being transmitted. This is not possible for Option 2 shown in Figure 1(b) since the starting symbol of PUSCH repetitions across CG configurations are only aligned at slot boundaries.  
A different alternative to Figure 1(b) that addresses these shortcomings is to use a pre-defined mini-slot structure similarly to the LTE sTTI pattern. An example is shown in Figure 2 where a slot is partitioned into four mini-slots of length (4, 3, 4, 3) symbols. This facilitates gNB determination of the transmitted CG configuration in case multiple CG configurations are provided to a UE.


[bookmark: _Ref534936238]Figure 2 Mini-slot-based PUSCH repetitions with pre-defined mini-slot structure
Observation: a configurable mini-slot pattern within a slot can facilitate receiver detection of the transmitted CG configuration in case of a missed initial transmission when a UE is configured with multiple active CG configurations.

Although providing multiple CG configurations can reduce the alignment delay for random traffic arrival, the delay can still be significant depending on the CG periodicity, P. For instance the maximum alignment delay between CG configurations in Figure 2 is 3 symbols if TX processing of a packet (assuming no segmentation) is completed within the first symbol of CG #1 in Figure 2 for example. However if the TB is ready for transmission at the end of the first symbol of the first repetition in CG #4, the alignment delay to the next transmission opportunity depends on the periodicity of CG #1. The minimum latency is therefore achieved when P = K. In the example shown in Figure 2 the delay between a packet ready for transmission at the end of the first symbol of CG #4 and the next available opportunity, which is CG#1 is equal to 2 symbols.
Proposal 2: consider a configurable mini-slot pattern within a slot with a fixed number of symbols per mini-slot for a CG configuration.
In addition, and following similar principles as in the LTE HRLLC design, other details for multiple active CG configurations include
· The CG configurations can be distinguished by
· Different starting offsets within a slot as shown in Figure 1 and Figure 2.
· Different frequency domain resources 
· Different DMRS configurations
· The initial transmission of a TB starts from the first transmission occasion of the bundle.

On repetitions across the boundary of a CG period
One of the considered enhancements for Rel-16 CG operation is allowing repetitions to cross the boundary of a CG period. The problem with this approach is that there would be ambiguity between the gNB and UE on HARQ process determination since the HARQ process is determined as a function of the first transmission occasion within a CG period. This limitation is one of the motivations for supporting multiple CG configurations for URLLC, by allowing a sliding window of repetitions (see Figure 1 and Figure 2) such that the UE transmits all K configured repetitions without HARQ ID ambiguity and with a variable starting offset depending on the packet arrival/processing delay.
A pertinent question, therefore, is what are the benefits for allowing repetitions to cross the slot boundary? The main benefit we see is the overhead penalty of providing multiple RRC configurations to minimize alignment delay both from RRC signaling and also in terms of resources if independent frequency resource allocations are configured for each CG configuration. 
It is possible to minimize the alignment delay with a single CG configuration but only if the HARQ ID ambiguity can be resolved. An example is shown in Figure 3 where the CG period P = 14 symbols. As long as the gNB can detect the initial PUSCH transmission in a bundle it can determine the correct HARQ process. Using Figure 3 as an example, the gNB maintains the same HARQ process determined within slot n for repetitions in slot n+1 as long as the first transmission was detected in slot n.


[bookmark: _Ref534964878]Figure 3 A sliding window based approach to different starting offsets for a single CG configuration
In case of a missed initial transmission the gNB does not know whether a detected transmission in the next CG period is a repetition of an ongoing HARQ process or an initial transmission of a separate HARQ process. One way to avoid this problem is to differentiate initial transmission and retransmissions within a bundle using different DMRSs [4]. This method can be further studied.
Proposal 3: further study HARQ process determination for PUSCH repetitions crossing the boundary of a CG period based on different DMRS sequences

Necessity of explicit HARQ-ACK
The benefits of explicit UL HARQ-ACK have been discussed in the past two RAN1 meetings. The background stems from the Rel-15 HARQ operation, where the UE does not retransmit a TB for a HARQ process while the HARQ timer is running and the UE implicitly assumes an ACK if the timer expires without the UE detecting a PDCCH scheduling a retransmission.
Several reasons were mentioned in some contributions to RAN1 #94bis justifying the need for an explicit HARQ-ACK feedback scheme. We look into these reasons in this section.
Ambiguity between missed and successful PUSCH detection 
Similar to LTE, NR supports UL skipping where a UE does not transmit on a configured UL grant if there is no data in its buffer. Therefore, gNB DTX detection is necessary to determine if a UE transmitted on a configured UL grant.  A UE not receiving a PDCCH rescheduling a retransmission cannot determine if it is due to the gNB missing the PUSCH or if the gNB successfully received the PUSCH. A possible solution therefore, is that the UE retransmits on the next available CG occasion if it does not receive explicit HARQ-ACK within a configured time window.
As agreed at RAN1 #95 we first investigate the PUSCH DTX detection. We provide preliminary results in Figure X for a single user transmission, PUSCH mapping Type B and one DMRS symbol using DMRS configuration Type 1. Other simulation assumptions are described in the appendix. The detection performance depends on the DTX threshold, which in turn depends on the false alarm rate as shown in Figure 4. The choice of false alarm rate depends on the consequence of a false alarm to the system. If the gNB determines that a PUSCH is transmitted on a configured PUSCH when the UE did not transmit, the gNB would schedule a retransmission of the same HARQ process. Based on the MAC protocol in 38.321 Sec. 5.2.1 the UE would ignore the PDCCH in the event that the HARQ buffer is empty. Therefore, there is no catastrophic error for a false alarm event but simply a waste of UL resources and the corresponding PDCCH re-scheduling a phantom transmission. It can be observed in Figure 4 that relaxing the false alarm rate from 1% to 10% improves DTX performance by more than 1 dB at Pmiss = 10-4. 
[image: ]
[bookmark: _Ref534936840]Figure 4 PUSCH missed detection rate for different false alarm rates


Observation: a false alarm event for a configured UL grant does not cause a catastrophic system error, which allows a flexible selection of false alarm thresholds for PUSCH DTX detection

Observation: relaxing the false alarm rate from 1% to 10% can significantly improve DTX performance by more than 1 dB at Pmiss = 10-4.

It should be noted that mini-slot based repetitions can also avoid the problem of a missed PUSCH detection since the probability that a gNB misses all K repetitions is negligible.  

Reduction in UL interference
Another motivation for explicit HARQ-ACK is potential reduction in UL interference. A UE is configured for K repetitions if on average K repetitions are required to meet a reliability (e.g. target BLER) requirement. On the other hand, the prevailing channel conditions could be such that a PUSCH transmission is successful before the end of K repetitions. Hence, indicating an ACK to the UE can allow early termination, which provides savings in power and reduced inter-cell interference. 
However, the tradeoff here is the increase in DL control overhead, which can be a major issue as URLLC scheduling is expected to utilize higher aggregation levels in general in order to keep the PDCCH BLER at or at a level compared to PDSCH/PUSCH BLER.
Regarding the specification aspects to support explicit signaling of HARQ-ACK feedback we have the following remarks:
· A UE-specific scheme would significantly increase the DL signaling overhead in proportion to the number of UEs simultaneously transmitting in a slot or mini-slot. Note that this increase is with respect to each PUSCH transmission in a bundle of K repetitions if early termination is desired.
· Worse still, the gNB may need to budget downlink control resources to send explicit HARQ-ACK for every UL transmission occasion, since the gNB doesn’t know a priori whether an uplink transmission will occur or not.
· A group-based HARQ-ACK scheme can be considered to reduce DL signaling overhead but there are additional issues to consider. For instance, to reduce DL control overhead a group-common HARQ-ACK should only be transmitted if at least one PUSCH was detected. Since UL skipping is supported, it may often be the case that only one UE is transmitting which does not justify the DL control overhead. 
· Explicit ACK implies that the UE is able to receive DL control within the time duration of the K transmissions either on a different carrier (FDD) or if DL symbols are available within the duration of K repetitions for a shared carrier. As such this mechanism is also constrained by the deployment scenario. 
In summary, we do not see clear benefits for supporting explicit HARQ-ACK for configured grant targeting URLLC operation. Scheduled retransmission on the other hand seems better suited for URLLC because the gNB can quickly reschedule a retransmission rather than waiting for timer expiration. Note that this is also helpful for the shared UL grant scenario if a gNB is able to detect a collision – and the identity of one or more colliding UEs – using the DMRS but not able to decode the PUSCH. 
Observation: no material benefits have been shown to support explicit HARQ-ACK in Rel-16. 
Conclusions
In this contribution, we discussed potential enhancements to configured grant operation for Rel-16 URLLC. The observation and proposals are summarized as follows:
· Observation: a configurable mini-slot pattern within a slot can facilitate receiver detection of the transmitted CG configuration in case of a missed initial transmission when a UE is configured with multiple active CG configurations.
· Observation: a false alarm event for a configured UL grant does not cause a catastrophic system error, which allows a flexible selection of false alarm thresholds for PUSCH DTX detection
· Observation: relaxing the false alarm rate from 1% to 10% can significantly improve DTX performance by more than 1 dB at Pmiss = 10-4.
· Observation: no material benefits have been shown to support explicit HARQ-ACK in Rel-16. 
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Proposal 1: both slot-based and mini-slot-based repetitions should be supported in Rel-16.
Proposal 2: consider a configurable mini-slot pattern within a slot with a fixed number of symbols per mini-slot for a CG configuration.
Proposal 3: further study HARQ process determination for PUSCH repetitions crossing the boundary of a CG period based on different DMRS sequences
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Appendix

Table 1 Simulation assumptions for PUSCH missed detection
	Parameter
	Values

	Carrier frequency
	4 GHz 

	Numerology
	30 KHz, normal CP

	Channel
	TDL-C, DS = 300ns

	Waveform
	CP-OFDM

	System bandwidth
	20MHz

	Allocated bandwidth
	20 PRBs

	PUSCH duration 
	8 symbols

	Number of UEs 
	1

	DMRS configuration type
	1

	Antenna configuration
	1Tx, 4 Rx

	UE speed
	3km/h

	DMRS position
	1st OS

	Target false alarm rate
	1%, 10%
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