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1 Introduction

In the previous RAN1 WG meetings, grant-free UL transmission schemes in application to URLLC were discussed. In this contribution, we continue discussion on uplink grant-free transmission aspects taking into account the following agreements made by RAN1 WG:

Agreements:
	RAN1 #88
· For UL transmission without grant,

· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly

· Reference signal parameters

· FFS: Details

· FFS: The number of repetitions K

· FFS: Whether multiple number of K can be configured to one UE

· FFS other parameters

· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met

· If an UL grant is successfully received for a slot/mini-slot for the same TB

· FFS: How to determine the grant is for the same TB

· FFS: An acknowledgement/indication of successful receiving of that TB from gNB

· The number of repetitions for that TB reaches K

· FFS: Whether it is possible to determine if the grant is for the same TB

· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)

· Note that other termination condition of repetition may apply

RAN1 #89
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 

· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied

· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.


The contribution mainly discusses grant-free resource configuration aspects. The related physical layer procedures are presented in our companion contribution [6]. Other aspects related to support of URLLC services in NR are discussed in [1]-[5].
2 Resource Configuration
The semi-static resource configuration was agreed to be supported for grant-free UL transmissions. The resource configuration include:
1) Time-frequency resources, i.e. transmission patterns;
2) Modulation and coding scheme;
3) Power control parameters;
4) Reference signals;
5) Bundling, i.e. number of automatic / blind retransmissions K and associated redundancy versions;
All these parameters are discussed separately in subsections below.
2.1 Transmission Patterns

Current agreements on frequency resource allocation for UL transmission for both DFT-s-OFDM and CP-OFDM allow UE to be configured with both localized transmission and distributed transmission. Additionally, frequency hopping was agreed to be supported. Both UE-specific and UE-group common hopping mechanisms should be supported.

A set of frequency allocation sizes may be configured to accommodate different transport block sizes under given channel quality conditions. Each resource should be associated with at least one MCS and transmission pattern. In case of CP-OFDM waveform, a distributed resource allocation can be configured while a single-cluster allocation should be used for DFT-s-OFDM.
Proposal 1
· Grant-free uplink resource configuration includes type of waveform, resource allocation type (distributed or localized), frequency allocation bandwidth, and frequency hopping pattern.

As for time domain part of transmission patterns, a default option could be that every time unit in the resource pool is available upon packet arrival at UE and the possible collisions are resolved by frequency domain partitioning. However, time domain patterns may be useful in order to randomize interference and collisions in both intra-cell and inter-cell.
The flexible time domain patterns may be realized by different ways. For example, multiple periodic patterns characterized by a period and an offset may be configured to compose a quasi-periodic pattern. Alternatively, a bitmap approach may be used similar to the one used for D2D.
In Figure 1, we illustrate the K repetitions for grant-free transmission in generalized interpretation, where [K0, K1 … KM-1] are the number of repetitions for each group of acknowledged “bundles”. Note, that when NACK transmission is illustrated, it is assumed that this may either be virtual NACK (i.e. no feedback is sent assuming this as NACK), or explicit grant with retransmission scheduling. Also it is assumed, that at least 3 mini-slots are needed for HARQ RTT.
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Figure 1. Illustration of non-consecutive transmission patterns.
Proposal 2
· NR grant-free uplink transmission scheme should support non-consecutive transmission time patterns with K repetitions.

2.2 Modulation and Coding Scheme
The exact setting of MCS may not be efficient since some services may require transfer of packets of different sizes. Further, segmentation of these packets onto fixed transport blocks may introduce additional latency, and may not be desirable. Therefore, gNB may need to configure a set/range of MCS corresponding to particular allocation size.

The MCS may be reconfigured based on changed propagation conditions. The RRC configuration may be triggered, which however may imply tens of milliseconds application delay. Therefore, a dynamic L1 reconfiguration of MCS may be beneficial.
The need for different MCS on different repetitions may be justified if the number of resource elements in repetitions vary significantly because of change of the bandwidth. However, the bandwidth adaptation is more a gNB decision based on instantaneous conditions and available UE power headroom. Therefore, there is a limited use case to apply different MCS / different bandwidth to repetitions without any guidance from gNB, i.e. without explicit scheduling of transmission parameters.

Proposal 3
· At least one MCS per frequency allocation size is configured.

· Different MCS on grant-free retransmissions should not be supported.

2.3 Power Control Parameters

Grant-free uplink transmissions should be power controlled as all other uplink transmissions. The open loop power control parameters should be configured differently considering the different service requirements associated with particular grant-free resource configuration. As it is also discussed in [4], independent power control parameters for grant-free transmissions may help to overcome interference from already scheduled eMBB transmissions.
Proposal 4
· Open loop power control parameters for grant-free are configured independently from grant-based power control.

· UE-specific open loop power control parameters are supported for grant-free uplink transmissions.
As for the closed loop power control adjustment, the main purpose is to compensate fast time scale channel and interference variations. In case of grant-free, the TPC commands may be conveyed in a DCI scheduling retransmission or be a part of reconfiguration signaling.
2.4 Reference Signals
The configuration of DM-RS is an important part that should be carefully considered since the DM-RS are going to be used for reliable UE identification which may be challenging due to possibility of sharing resources by multiple UEs as well as “skipping” of transmission opportunities by UEs with no data to transmit.
NR supports both DFT-s-OFDM and CP-OFDM waveforms. The grant-free transmission should also be designed to support both waveforms. According to current discussions in MIMO, different DM-RS sequences may be used in order to optimize performance and overhead.
ZC sequence-based DM-RS and DFT-s-OFDM based waveform can be considered as a starting point. PN sequence-based DM-RS for CP-OFDM waveform can be further investigated with considerations on DM-RS detection and channel estimation performance in case when multiple UEs may share the same physical resource for grant-free transmission. Furthermore, additional DM-RS symbol can be configured to improve UE identification, channel estimation and time/frequency tracking performance.
· For ZC sequence-based DM-RS, assuming resource specific DM-RS sequences, different cyclic shifts may be assigned to UEs with overlapped / partially overlapped transmission patterns. These cyclic shifts need to be configurable via upper layers as well as be reconfigurable. However, such approach is efficient only for aligned resource allocation sizes while for non-aligned / partially overlapped resource allocations, the orthogonality may be broken by different sequences.
· For PN sequence-based DM-RS, the gNB may still control orthogonality of DM-RS by configuring specific sequence indexes to UEs with overlapped / partially overlapped transmission patterns.
Proposal 5
· For ZC sequence-based DM-RS, a cyclic shift is assigned to UE as a part of grant-free resources configuration.

· FFS for PN sequence-based DM-RS.
Although not directly connected to DM-RS and UE-identification, the transmission patterns of SRS may need to be configured in conjunction with grant-free transmission patterns. Since grant-free is supposed to serve for infrequent traffic, semi-static configuration of periodic SRS transmissions may cause significant burden for both UE and gNB. In that case, SRS may be configured to be transmitted along with PUSCH transmission
2.5 Automatic Repetitions
In RAN1 NR AH#1 meeting, it was agreed that K repetitions including the initial transmission are supported for grant free/based uplink. The way how K is determined needs to be further discussed. First of all, the K value should be at least UE-specifically configured in order to account for different channel quality of associated UEs which may or may not be power limited. Moreover, it is beneficial to be able to change the value of K based on actual transmission environment. For example, a gNB may detect that there are persistent collisions or interference on a resource for initial set of repetitions. In order to meet the reliability until the latency budget, gNB may dynamically configure to a UE another K for the retransmission set. Moreover, in this case, the gNB may schedule the retransmissions in dedicated resources by dynamic grant.
When the multiple repetitions are configured by K, then it needs to be decided whether different retransmissions can have different redundancy versions. In general, incremental redundancy with different versions operates better than Chase combining of identical transmissions. However, there are several challenges to apply different RVs for grant-free transmissions. First of all, there may potential need for RV detection at gNB side. This may happen if gNB does not associate transmission resources and RVs. In case the first transmission is not detected by gNB, it then needs to be able to check different RVs on all other repetitions until decoding passes if there is no RV indication mechanism. Additionally, different RVs have different BLER performance due to different distribution of parity and systematic bits. In case of a missed RV, the one-shot performance may be worse comparing to the same RV case.

Considering that URLLC is one of the main use cases for grant-free operation, it is important to optimize potential achievable reliability of such transmissions. In that sense, usage of different RVs may be an important component for grant-free operation. In order to avoid the blind detection of redundancy versions, a UE-specific rule for RV selection known to gNB may be applied. For example, the rule of RV calculation based on UE identity and mini-slot/slot index may be defined.
Proposal 6 

· NR should support different redundancy versions for grant-free repetitions.

· RV cycling is defined with respect to the first transmission in the set of K automatic repetitions.
3 Conclusions

In this contribution, we discussed design aspects of UL grant-free transmission in application to low latency services. Based on the analysis, we have the following proposals:

Proposal 1
· Grant-free uplink resource configuration includes type of waveform, resource allocation type (distributed or localized), frequency allocation bandwidth, and frequency hopping pattern.
Proposal 2
· NR grant-free uplink transmission scheme should support non-consecutive transmission time patterns with K repetitions.
Proposal 3

· At least one MCS per frequency allocation size is configured.

· Different MCS on grant-free retransmissions should not be supported.
Proposal 4
· Open loop power control parameters for grant-free are configured independently from grant-based power control.

· UE-specific open loop power control parameters are supported for grant-free uplink transmissions.
Proposal 5

· For ZC sequence-based DM-RS, a cyclic shift is assigned to UE as a part of grant-free resources configuration.

· FFS for PN sequence-based DM-RS.
Proposal 6 

· NR should support different redundancy versions for grant-free repetitions.

· RV cycling is defined with respect to the first transmission in the set of K automatic repetitions.
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