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1 Introduction

Enhanced configured grant operation is one of the objectives of the URLLC SID [1]. It was agreed at RAN1 #94 to further study whether/how to introduce multiple active configured grants for a BWP of a serving cell, whether/ how to ensure K repetitions, and further study on PUSCH repetitions within a slot. At RAN1#94bis, it was agreed to study further from at least the following:
Agreements:
· 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 

· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 

· Note: Switch grant free to grant based retransmission which is available in Rel.15

This contribution is an update to R1-1810553 providing more analysis on support of mini-slot-based multiple configured grant configurations taking into account the prioritized use cases of factory automation, remote driving, electric power distribution and AR/VR. A related contribution [2] discusses general PUSCH enhancements that are also applicable to scheduled (grant-based) PUSCH.
2 Enhancements to PUSCH repetitions
2.1 Overview of Rel-15 NR configured grant operation
From a scheduling perspective, the Rel-15 configured grant operation has the following attributes:

· Synchronous HARQ operation: the HARQ process ID for a configured grant is determined by a first transmission occasion (TO) within a configured grant period, P, as described in TS 38.321.
· A UE may be configured by RRC signaling for a bundle of K PUSCH repetitions according to a configured RV sequence, where K ϵ {2, 4, 8}. 
· Repetitions are slot-based, wherein the time domain allocation is the same for each slot of the bundle.

· PUSCH transmissions in a bundle (repetitions) must end within a window defined by the configured grant period, where K ≤ P.
· If a UE determines from the slot configuration of a slot that one or more symbols of the PUSCH time domain allocation are DL, the PUSCH transmission in that slot is discarded (and not carried over). 

· The RV sequence is one of {0, 2, 3, 1}, {0, 0, 0, 0} or {0, 3, 0, 3}. For {0, 2, 3, 1} initial transmission of a TB starts at the first TO of the K repetitions, whereas for {0, 0, 0, 0} it can start at any transmission occasions except the last TO when K=8. For {0, 3, 0, 3}, it can start at any TO with RV = 0.

During the Rel-15 study phase, PUSCH repetitions were discussed for both coverage and interference mitigation/randomization. The latter motivation addressed the scenario where a network configured multiple UEs with a shared UL resource. It should be noted that reliability and latency are somewhat conflicting performance objectives as achieving one is typically accomplished at the expense of the other.  Thus, the RV sequences can be seen as prioritizing different metrics. When reliability in terms of coverage is more important than latency, the RV sequence {0, 2, 3, 1} is configured, whereas when latency is more important (and coverage not an issue), RV sequence {0, 0, 0, 0} can be configured. When both reliability and latency are desired as for URLLC, K repetitions may be configured to achieve a target BLER. Unfortunately K repetitions cannot be guaranteed because of random data arrival and, furthermore, UE processing time may extend beyond the first symbol of the first TO of a repetition bundle, reducing the number of transmissions in a bundle. Here we will consider the case where a network configures K repetitions primarily to achieve a target BLER.

2.2 Potential enhancements
2.2.1 On support of multiple active configured grant configurations

Assume a UE needs a PUSCH duration of X symbols to meet the BLER target subject to a latency budget and a transmit power constraint. A single PUSCH duration of roughly X symbols is clearly preferable for energy accumulation compared to multiple mini-slot repetitions since each transmission requires DMRS. Moreover, it is well suited to periodic and deterministic traffic as is observed for factory automation and remote driving, where UL video transmission and the corresponding DL steering control commands are periodic. 
On the other hand for random data arrival, the maximum alignment delay is equal to the period of the configured grant, when data arrival and UE processing delay extends beyond the first symbol of a configured transmission occasion as shown in Figure 1. 
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Figure 1 Worst case alignment delay for slot-based configured PUSCH and period P > 1 slot

Therefore, a finer scheduling granularity is desirable for configured grant operation. Note that although Rel-15 supports configured grant configuration periodicities of 2 and 7 symbols, the same TB cannot be repeated across boundaries of a configured period since the HARQ process changes.

One possible solution to the problem depicted in Figure 1 is to support multiple starting positions within a configured period. The same problem was observed in the LTE HRLLC WI and the solution was to introduce multiple SPS configurations with independent periods and starting offsets. The main details of the LTE HRLLC feature are as follows:

· Multiple UL SPS configurations are configured simultaneously for a serving cell.
· Each UL SPS configuration may include a periodicity P, a sTTI offset with respect to the subframe boundary, number of repetitions K, where K ϵ {2, 3, 4, 6} and K <= P.
· The initial transmission of a TB for different UL SPS configurations is on different (s)TTIs.
· The HARQ process ID of a UL SPS configuration is given by its activation DCI.
· To avoid conflict between the first transmission of a new TB and a repetition of a previous TB, a UE should wait with a SPS transmission of another TB till having finished the repetitions of an ongoing UL SPS repetition transmission.
Multiple active configured grant configurations can also be supported in NR for the same reasons as in LTE, i.e. to reduce alignment delay for bursty traffic. Secondly, it can be used to support services with different latency and reliability requirements e.g. voice, periodic URLLC traffic and bursty URLLC traffic, which cannot all be supported with the same configured grant configuration. 

Proposal 1: consider support of multiple active configured grant configurations for Rel-16.

For the scenario where multiple configurations are provided to reduce alignment delay for bursty traffic, the configured PUSCH duration may remain the same but it could mean that PUSCH transmission for one or more configurations could cross the slot boundary as shown in Figure 2 for a 12-symbol PUSCH transmission. It was also agreed at RAN1 #95 that a PUSCH transmission does not extend across a slot boundary at least for grant-based PUSCH. 
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Figure 2 Illustration of multiple configured grant configurations with slot-level PUSCH spanning a slot boundary
We do not see why it would be different for configured PUSCH because at least some of the disadvantages are the same regardless of the PUSCH type. Firstly, it inhibits multiplexing of more than one UE within the same resources (MU-MIMO) if the DMRS symbols cannot be matched to facilitate accurate channel estimation. Secondly, a timing advance update that is to be applied at a slot boundary may not take effect at least until the end of the transmission spanning the slot boundary (e.g. in Figure 2). 

Proposal 2: a configured PUSCH transmission does not cross a slot boundary.

An alternative therefore, of ensuring a sufficient PUSCH duration to meet a target reliability is to support mini-slot based repetitions. Considering the example of Figure 2, at least two slots would be required if the aggregate PUSCH duration would span a slot boundary. We note that mini-slot repetition is also beneficial for grant-based PUSCH as discussed in [2].
Proposal 3: support mini-slot based PUSCH repetitions in Rel-16.

2.2.2 On mini-slot based configured UL grant repetitions

For crossing a slot boundary and ensuring an aggregate PUSCH duration across mini-slot repetitions, the following options can be considered. 
1) Option 1: if a mini-slot would span a slot boundary, postpone this mini-slot and subsequent mini-slots to the next slot as shown below [3].
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Figure 3: Postponement of a mini-slot PUSCH transmission to next slot if it would cross a slot boundary
2) Option 2: align mini-slot transmissions using PUSCH mapping type B such that the front-loaded DMRS symbol is aligned across CG configurations. This option can be beneficial for a gNB to detect which CG configuration is utilized by a UE when different DMRS configurations are provided for each CG configuration. However, one drawback is that it increases receiver complexity, which was also discussed in LTE HRLLC. An additional consideration is the high DMRS overhead as shown below. However, the DMRS overhead can be reduced per slot. For example, in CG #1 below, DMRS in symbols #3 and #7 can be eliminated to provide more REs for data. 
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Figure 4 Align potential mini-slot transmissions across CG configurations
Proposal 4: consider Options 1 and 2 as a starting point for further study on mini-slot-based repetitions for multiple active configured grant configurations.
3 Necessity of explicit ACK feedback
In NR Rel-15 a UE may be configured with a HARQ timer, which when running, prevents the UE from retransmitting the same HARQ process on a configured grant. Furthermore, if a PDCCH scheduling a retransmission is not received before the timer expires the UE implicitly assumes an ACK. 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.
1. Ambiguity between PUSCH miss and successful reception. 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. For latency tolerant traffic, RLC-level retransmission would then be necessary, which increases end-to-end latency. 

a. It should be noted that this issue is a problem when operating in an interference-dominant regime such as in NOMA or unlicensed operation. We do not expect that URLLC operates in such an interference-heavy scenario given the stringent reliability constraints of [10-6, 10-5]. Moreover, RLC-level retransmission may not anyway be acceptable depending on the latency constraint e.g. for periodic traffic observed in motion control and remote driving.   

b. We also note that one benefit of mini-slot repetitions when a UE is in good coverage is to avoid a problem like this. The probability that a gNB misses all K repetitions of a PUSCH is quite negligible. As long as one PUSCH is detected (even if not successfully decoded) the gNB can schedule a retransmission.  

2. Delay in flushing the buffer. One argument is that the UE is not able to flush a buffer and transmit new data for a HARQ process until the timer expires incurring some delays. However, the number of HARQ processes and the configured grant timer are provisioned according to the traffic requirements (e.g. URLLC).

3. 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. This motivation is worthy of further consideration taking into account the drawback of the resulting increased DL signaling overhead (further discussion provided below).

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.
· 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. Explicit NACK 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: there is no clear benefit to supporting explicit ACK for URLLC operation. 
4 Frequency hopping
Frequency hopping is supported for Rel-15 configured UL grant operation. The same frequency allocation is used for each frequency hop of a set of K repetitions. Frequency hopping between repetitions can also be considered for interference randomization. One solution would be to introduce a pseudo-random hopping pattern as in LTE Type2 hopping. However, since hopping is UE-specific and different UEs may be configured with different values of repK, it may be simpler to configure frequency hopping offset values for each repetition. 

Proposal 5: Consider different frequency hopping offsets for each transmission in a configured bundle of K repetitions.
5 Conclusion
In this contribution, we discussed potential enhancements to configured grant operation for Rel-16 URLLC. The observation and proposals are summarized as follows:
Proposal 1: consider support of multiple active configured grant configurations for Rel-16.

Proposal 2: a configured PUSCH transmission does not cross a slot boundary.
Proposal 3: support mini-slot based PUSCH repetitions in Rel-16.
Proposal 4: consider Options 1 and 2 as a starting point for further study on mini-slot-based repetitions for multiple active configured grant configurations.

· Option 1: If a mini-slot based transmission occasion would span a slot boundary, postpone to the next slot.

· Option 2: align DMRS symbols of mini-slot transmission occasions across multiple active configured grant configurations

Proposal 5: Consider different frequency hopping offsets for each transmission in a configured bundle of K repetitions
Observation: there is no clear benefit to supporting explicit ACK for URLLC operation. 
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