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1 Introduction

In Rel.15 NR, basic support of semi-persistent scheduling in UL was introduced in a form of two PUSCH transmission types which are distinct in the aspect of providing transmission parameters and activation/release by different ways: Type 1 by RRC and Type 2 by DCI. Although very small periodicities are supported, the overall reliability may not be optimized due to several restrictions imposed by the basic design and further enhancements are envisioned.
The following initial agreements were made last meeting on grant-free enhancements:
	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

Agreements:

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

Agreements:

· 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


In this contribution the enhancements to CG-PUSCH are discussed and analysed. Other eURLLC related enhancements and discussion can be found in our companion contributions [1]-[7].
2 Multiple Configurations in a Cell
The described benefits come at expense of allocating to a UE more frequency or spatial (i.e. orthogonal DMRS) resources. It is further up to gNB how to manage the available resources between UEs and their spectrum demands depending also on gNB processing capabilities.
Assuming such behaviour, the following components are expected to be enabled:

· Providing multiple configurations. This part should be straightforward by populating the RRC signalling for configured grant PUSCH type 1 or sending L1 activation(s) with multiple sets of parameters in case of Type 2.
· Activation/deactivation of particular configuration for the case of CG-PUSCH Type 2 by dynamic DCI indication.

· First, it is assumed that each configuration has to be activated/deactivated separately (except deactivation cases when all configs are stopped due to other procedures such as BWP switching etc.). It allows to reuse the Rel.15 procedures for configured grant as much as possible. Moreover, if single DCI is used to activate more than one configuration, it needs to carry multiple transmission parameter sets and also to provide more than one time reference.

· Second, under the assumption of single DCI per configuration, the problem of how to identify the different configurations using the same DCI format needs to be solved. Clearly, introducing multiple RNTIs would lead to increased FAR which may become a bottleneck. In that case, some fields which are not used for activation, such as HARQ ID may be utilized.

· HARQ ID modelling in presence of multiple configurations. This issue was discussed in Rel.15 and the most reasonable scheme is to introduce configuration specific offset to HARQ ID.
· UE behaviour to choose a particular configuration. Once configured, a UE may be expected to take the nearest configuration for transmission in particular case. However, it may be left up to UE to decide particular approach also considering that multiple configurations may be used for different services.
Proposal 1

· For Rel.16 eURLLC, support multiple activated CG-PUSCH configurations in a cell
· Multiple RRC configuration of CG-PUSCH are provided per BWP

· Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings
· HARQ ID offset is added as part of each CG-PUSCH configuration
· UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration
3 PUSCH Repetitions across Slots

In our understanding, two of three options discussed for PUSCH repetitions enhancements are applicable to CG-PUSCH as well. As it is explained in [3], the option with enabling repetitions with different starting positions and lengths in different slots provides comparable performance under minimized impact to UE implementation and procedures.
Furthermore, the option with enhanced repetitions across slots in combination with multiple configuration provides the desirable property of flexible starting position under fixed transmission duration. For example, as illustrated in Figure 1, although starting position is every two symbols, the total duration may be set to eight symbols. When the starting position approaches symbol #8, a second repetition in next slot is added so that the total duration is the same.
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Figure 1. Multiple configurations under enhanced PUSCH repetition

Link level comparative study of the schemes for repetitions is provided in our companion contribution [3], where it is concluded that single repetition in a slot provides better performance in most of the cases. Moreover, when two repetitions crossing slot boundary are employed, two-TRP transmission provides further gains, if feasible in a given deployment.
4 HARQ Feedback

One more issue identified for configured grant is whether to introduce explicit HARQ-ACK feedback at least to improve situations when PUSCH and all its repetitions were not detected at gNB, so that there is no DCI scheduling retransmission which may be interpreted by a UE as a successful transmission.
The main contributor to the issue is potential UE detection problem based on DMRS. Someone may argue that DMRS detection performance is not sufficient. However, according to the analysis in Figure 2, under 12 PRB bandwidth assumption for OFDM-based waveform, a cross-correlation threshold (X-axis) may always be found which provides detection of NR DMRS sequence in wide SNR range down to -7 dB.
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Figure 2. DMRS sequence detection performance

Moreover, if multiple repetitions are configured, the probability of detection improves further. Thus, at this stage introduction HARQ feedback is not justified.
Observation 1

· There is no DMRS detection issue limiting performance of configured grant PUSCH
5 Conclusions
In this contribution, we discussed potential enhancements to configured grant PUSCH transmission. As a results, we draw the following proposals:
Proposal 1

· For Rel.16 eURLLC, support multiple activated CG-PUSCH configurations in a cell

· Multiple RRC configuration of CG-PUSCH are provided per BWP

· Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings

· HARQ ID offset is added as part of each CG-PUSCH configuration

· UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration
Observation 1

· There is no DMRS detection issue limiting performance of configured grant PUSCH
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