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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 so far with regards to grant-free enhancements:
	RAN1#94 agreements:

· Study further whether/how multiple active configured grants for a BWP of a serving cell.

· Identify potential specification impacts and options for both type 1 and type 2

· At least Activation/deactivation mechanism for Type2

· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated

· Study how to support repetitions with multiple configurations for a BWP of a serving cell

· FFS HARQ process ID determination for both type 1 and type 2

· FFS other specification impacts for both type 1 and type 2

· Study the performance impacts

· Study further whether/how on ensuring K repetitions.

· Study further on PUSCH repetitions within a slot for configured grant.
RAN1#94bis agreements:

· To study further from at least the following:

· 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


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]-[5]
2 Multiple Configurations in a Cell
One of the main leftovers from Rel.15 is support of multiple configurations in a cell. The motivation of introducing multiple configurations is twofold:
· Support of heterogeneous traffic types where packets of different sizes may arrive with different periodicity. They may also require different reliability and latency. Note, in similar context the support of multiple activated CG-PUSCH configuration was already agreed in Rel.16 V2X study and would be natural to reuse the same principle in eURLLC.
· Support of fine transmission start time with multiple activated configurations shifted in time. It should be noted, that such a behaviour was adopted during LTE HRLLC. As illustrated in Figure 1, although number of repetitions K is configured to 4, the transmission start time granularity may effectively be two units if at least two different configurations are provided and activated to a UE. In extreme case, when K = 8 is configured and eight shifted configuration are activated, the transmission start time may be one unit with guaranteed transmission of 8 repetitions. 
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Figure 1. Illustration of multiple activated CG-PUSCH 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. Here, the problem of how to identify the different configurations using the same DCI format. 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

Although the mini-slot repetitions within a slot are heavily discussed as one of the eURLLC enhancements, there are several drawbacks of such approach:

· DMRS needs to be inserted to every mini-slot unless rules for DM-RS sharing are introduced.
· Potentially reduced coding gain since every mini-slot needs to be encoded individually.
· Intra-slot FH due to mini-slot insertion needs to be defined.

In the same time, the main motivation to introduce mini-slot repetitions is to be able to cross slot boundary by the same TB transmission, e.g. start PUSCH in the middle of one slot and end in the middle of another slot so that the strict latency budget is fully exploited as illustrated in top part of Figure 2.
A possible benefit from mini-slot-based repetitions could be for the case of CG PUSCH with conservative link adaptation whereby the UE is configured with “short PUSCH” allocations with repK value greater than one. In such a case, the average latency could be improved by facilitating early decoding at the gNB receiver using repetitions of shorter allocations compared to an equivalent longer allocation. In contrast, for dynamically scheduled PUSCH, one can expect appropriate link adaptation to be much more important and thus, an appropriate choice of PUSCH allocation instead of the semi-static and possibly conservative scheduling approach that could be pursued for CG PUSCH. 

However, such benefits would be limited to use cases with relatively small UL packets and those for which average latency as a metric may be relevant instead of, or in addition to, worst-case latency. 

Thus, as discussed in the following, defining “repetition-specific” resource allocation mechanisms that primarily aim to address handling of slot-boundaries may be the single and flexible mechanism that can achieve most of the achievable improvements to latency performance considering eURLLC design targets and current NR design.

An alternative to the mini-slot repetitions within a slot which does not have the listed drawbacks is to introduce repetition specific TD allocations. In case a UE needs a transmission crossing slot boundary, it may simply be scheduled with at least two different resource allocations (see bottom part of Figure 2). In this case, within each slot, the PUSCH transmission looks like regular PUSCH and exploits the legacy procedures for DM-RS and intra-slot frequency hopping. Furthermore, the feasibility of such an approach of indicating a joint resource allocation over a limited (e.g., two) number of slots is justified by the fact that allocations benefitting from “mini-slot repetitions” are mostly those spanning no more than two slots. For repetitions spanning multiple slots, it would be more appropriate to resort to “slot-based repetitions”.
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Figure 2. Illustration of repetition specific resource allocation.
This approach may be combined with multiple CG-PUSCH configurations in order to achieve fine granularity of start time as discussed in previous sections.

Proposal 2
· Study further repetition specific resource allocation as an alternative to mini-slot repetitions within a slot.

The proposed alternative to mini-slot repetitions within a slot is also evaluated in the way to show that keeping single-shot transmission within a slot is fundamentally better than doing mini-slot repetitions. For that purpose, a simple setup with 14-symbol single-shot transmission and 7-symbol two shot transmission and frequency hopping applied is taken into consideration. The results are showed in Figure 3, the link level evaluation assumptions are given in appendix section.
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Figure 3. BLER vs SNR, single PUSCH vs. two PUSCH within a slot.
As it can be seen from the results, there is no motivation in terms of performance to do repetitions of mini-slots within a slot. Instead, it is better to encode the TB in a single PUSCH transmission with intra-slot frequency hopping applied if needed.
4 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
Proposal 2

· Study further repetition specific resource allocation as an alternative to mini-slot repetitions within a slot.
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Appendix – LLS Evaluation Assumptions

	Parameter
	
	Value

	Carrier Frequency
	
	4 GHz

	BW, SCS
	
	40 MHz, 30 kHz

	Allocation
	
	41 RB

	Antenna
	
	1 x 2, low correlation

	DMRS
	
	Type B mapping, 1 symbol in beginning of every 7 symbols, 3 dB boosting

	MCS
	
	MCS#7 from 64 QAM Low SE table (QPSK, CR 0.15) for the case of 14 symbols

Same TBS, modulation for 7 symbols

TBS 2024 bit

	Channel
	
	TDL-A 30 ns DS

TDL-C 300 ns DS

10 Hz max Doppler shift

	Channel Est
	
	MMSE with 2 RB bundling size

	Noise Cov mtx est
	
	Perfect
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