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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

· NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL

· FFS detailed for both contiguous and non-contiguous resource allocation schemes




2 Semi-static Resource Configuration
In this section we discuss resource units, resource pools, transmission patterns, and transmission parameters which are parts of semi-static resource configurations of UL grant-free transmission schemes.

2.1 Resource Units

For low latency communications, the basic time resource unit for resource configuration should be a mini-slot which is a time unit shorter than the slot, with the exact duration being configurable. The basic frequency resource unit could be a resource block, however for URLLC the typical bandwidth is wider than for eMBB due to stricter reliability requirements. Therefore, it may be beneficial to configure a group of resource blocks as a frequency resource unit.
Note, that due to possibility of usage of OFDM waveform in NR uplink, it is beneficial to configure distributed transmissions rather than localized only. For these purposes, the resource units may rather logically divide the bandwidth while the physical mapping could be either distributed or localized.

Proposal 1

· NR should support granularity shorter than one slot (i.e. “mini-slot”) in time and a group of PRBs in frequency for grant-free resource configuration.

2.2 Resource Pool Configuration

Resource pool can be defined as a subset of resources from a common transmission resource set (e.g. from all uplink shared channel resources). The transmission resource pool may be used to allocate exclusive or partially overlapped resources for grant-free transmissions in a cell or to organize frequency/time reuse between different cells or parts of a cell (e.g. cell-center and cell-edge). The resource pool may also indicate resources which will not be used for eMBB transmissions in order to avoid collisions.

Note, that resource pool configuration may not be known to UEs. It may only need to be coordinated between different cells for interference coordination. However, if the resource pools are going to be known to UEs, those can be semi-statically configured by non-UE-specific signaling.
Observation 1

·  Configuration of overlapped/shared resources for UL grant-free transmissions can be transparent to the UEs. 

·  If a shared resource pool configuration for UL grant-free transmissions is signalled to the UE, this is achieved via semi-static non-UE-specific RRC signaling.
2.3 Transmission Patterns

The transmission patterns can be configured to UEs in order to indicate which resources within resource pools it can use for grant-free transmission. For URLLC we consider the following two main types of transmission patterns can be applicable in different situations:

· Type-1: Orthogonal Transmission Patterns (OTP) – a set of transmission patterns that do not overlap with each other. This set may be cell-specific or cell-group specific. The benefits of this type of patterns is the possibility for fully orthogonal resource allocation between associated UEs if there is sufficient number of resource and a relatively small number of UEs.

· Type-2: Quasi-orthogonal Transmission Pattern (QTP) – each pattern may have an overlap with other patterns. The overlapping order N (i.e. overlap with at most N resources of other patterns) may be limited to a small value e.g. 1 or 2. Note, that if N = 0, then the set becomes a Type-1 transmission pattern.

The transmission patterns compose from frequency-domain components and time-domain components.
2.3.1 Frequency-domain Transmission Patterns
The frequency patterns may be both Type-1 and Type-2. For further description of frequency-domain transmission patterns, we introduce the following variables:

· NF – number of frequency resource units in a resource pool.

· KF – number of frequency resource units in a transmission pattern.

The number of orthogonal patterns in such notation is floor(NF/KF). The number of quasi-orthogonal patterns with at most KF-1 overlapping resources is nchoosek(NF, KF). Considering a realistic example: Resource pool size is 24 PRBs. One frequency resource unit is 3 PRBs, therefore there are NF = 8 units in the resource pool. Each transmission pattern has two resource units, i.e. KF = 2. In this case, the number of orthogonal patterns is 4 (there are multiple combinations how to select these 4 patterns) and the number of quasi-orthogonal patterns is 28. Current agreements on non-contiguous UL transmission in CP-OFDM provides a possibility to configure such patterns if flexible resource allocation mechanism will be introduced, e.g. similar to LTE resource allocation type 0 or 1 for DL.
The frequency hopping between retransmissions may be realized by changing the frequency pattern index. The UE-specific and cell specific hopping function may be beneficial to randomize inter-cell and intra-cell collisions.

2.3.2 Time-domain 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.

Similar to the frequency patterns, the time patterns may be orthogonal and quasi-orthogonal. Considering the SPS-like configuration, the regular patterns may be characterized by a period and offset. In order to obtain quasi-periodic patterns, multiple SPS configurations with different time occasions or other L1 parameters can be supported. The UE may be pre-configured with multiple SPS profiles and use activated SPS profile for URLLC transmission w/o expecting grant from gNB.
In RAN1 NR AH#1 meeting, it was agreed that K repetitions including the initial transmission are supported for grant free/based uplink. It is FFS how K is determined and configured. 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 explicit NACK, or 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 redundant transmissions in case of feedback delay.
In order to better understand the performance tradeoffs between different schemes illustrated in Figure 1, we analyze them by system-level evaluations in Figure 2. The different values of K per transmission bundle are analyzed: K = 1, 2, and 3. The retransmissions are possible until the end of latency budget.
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	Figure 2. Comparison of different time resource patterns.


From the results it can be observed, that intelligent setting of K instead of just relying on consecutive retransmissions until ACK is a better approach since it may provide better performance. The way how K is determined may 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.
Proposal 2
· NR grant-free uplink transmission scheme should support non-consecutive transmission time patterns with K repetitions.
· Transmission of all TBs of the UE follows a common pattern.
· A UE may be configured with multiple values of K and time transmission patterns.

· Pattern to use may be reconfigured by dynamic grant scheduling a retransmission.

2.4 Transmission Parameters

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:

· Potential need for RV detection at gNB side. 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, an indication or 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. Alternatively, the RV may be encoded into DM-RS or an uplink control channel.

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
· NR should support different redundancy versions for grant-free repetitions.
· The RV cycling sequence can be configured by higher layer UE-specific signaling.
· Different MCS on grant-free retransmissions should not be supported.

3 Activation and Deactivation Mechanisms

At the last RAN1#88bis meeting the need for dynamic activation / deactivation signaling for grant-free transmission was discussed. Such operation is supported in the framework of semi-persistent scheduling (SPS) in LTE. However, since NR targets new use cases such as URLLC, the additional activation signaling may cause additional delay for URLLC and lead to potential service interruption / unavailability for the period of applying and requesting the activation. Both activation and deactivation may need to be discussed separately since those may have different implications on support of different services.
Activation
The need for activation may depend on actual service types. If a service does not require high reliability and latency and rather may benefit from reduced signaling overhead and power consumption of grant-free / SPS, then the dynamic activation may work in combination with the deactivation to control network resource load and utilization. However, for low latency services, the delay to request and to signal the activation may cause service interruptions. Therefore, the dynamic activation either should not be supported or be configurable based on service and traffic considerations. In other words, it should be possible to activate grant-free operation as soon as resource configuration and transmission parameters are processed. Someone can argue that dynamic activation signaling may take into account actual channel conditions, i.e. adapt to link quality. However, for grant-free it is always possible to schedule a dynamic retransmission, which can reflect the changes in transmission parameters.
Proposal 4
· The presence and monitoring of dynamic activation signaling may be configured in a UE-specific manner, in order to support different services and traffic types.

Deactivation
The deactivation may be useful for all services in order to release resources as fast as possible and use them to provide other services. In that sense, support of deactivation signaling may be needed even for grant-free operation.
Proposal 5
· Dynamic L1 deactivation signaling should be supported for grant-free operation.
4 Repetitions Termination Conditions
One of the agreed termination conditions for the repetitions is a reception of a grant which schedules transmission for the same TB. This behavior can be classified as a switching from grant-free to grant-based operation. In this case, a gNB may assign dedicated resources for retransmission in order to ensure it is delivered within the latency budget. However, there are many details to be decided regarding such behavior.
First of all, a UE needs to be able to link the received grant with the transmitted transport block in order to understand which TB to be retransmitted in case there are multiple ongoing transmission processes at a UE. For these purposes, the UE and gNB need to have the same notion of TB counting for the UE. For grant-free operation, TB-counting may not be possible since gNB may not be able to detect some TBs due to collisions. In order to associate the DCI with a TB, the following options can be considered:
· In case there is no other transmission process at the UE side, it can directly associate the DCI with a TB which is being transmitted.

· In case there are at least two different TBs which transmission is ongoing, a UE can try to deduct that the DCI is for a particular TB by applying implicit linkage assuming only one TB is transmitted in one transmission interval. In this case, if the interval between detected UE transmission and a grant is fixed, it may unambiguously determine which TB should be retransmitted. If the timing between a detected transmission and a retransmission grant is not preconfigured, then an explicit indication of the retransmitted TB should be carried by DCI. 
If a UE detects that grant for one TB overlaps with transmission of another ongoing TB it should assume precedence of the grant comparing to the grant-free retransmissions.
In case a grant is received for a new TB (e.g. for aperiodic CSI reporting) and overlaps with the grant-free transmissions, then the grant-free transmissions may be dropped in these resources. Alternatively, a prioritization rule whether to transmit a triggered report or grant-free data may be introduced depending on priority of the associated services. For example, if URLLC services is assumed, then the CSI reporting may be dropped in this example.
Proposal 6
· NR should support mechanisms to determine for which TB a particular retransmission grant is received.

· If a granted resource overlaps with transmission resources for another ongoing TB, the granted retransmission should be prioritized.
· If a granted resource for a new TB overlaps with an ongoing grant-free transmission, a decision to drop one of the transmissions should be based on service priority.
Another repetition termination condition currently on the table is the potential introduction of a dedicated PHICH-like channel for early termination. In our view, current agreements on termination by receiving a dynamic grant or by reaching the maximum number of repetitions are enough to support low latency services. Note, that there is a small implication on potential reliability since missing of the termination grant will not reduce the reliability of currently transmitted transport block. The only reason to introduce such PHICH-like channel is to optimize the control channel capacity and system capacity. Therefore, the benefits from introducing the additional early termination signaling should be carefully assessed.
Observation 2
· Current agreements on termination conditions for grant-free are enough to support low latency services.
5 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

· NR should support granularity shorter than one slot (i.e. “mini-slot”) in time and a group of PRBs in frequency for grant-free resource configuration.

Proposal 2
· NR grant-free uplink transmission scheme should support non-consecutive transmission time patterns with K repetitions.
· Transmission of all TBs of the UE follows a common pattern.
· A UE may be configured with multiple values of K and time transmission patterns.

· Pattern to use may be reconfigured by dynamic grant scheduling a retransmission.

Proposal 3
· NR should support different redundancy versions for grant-free repetitions.
· The RV cycling sequence can be configured by higher layer UE-specific signaling.
· Different MCS on grant-free retransmissions should not be supported.

Proposal 4
· The presence and monitoring of dynamic activation signaling may be configured in a UE-specific manner, in order to support different services and traffic types.

Proposal 5
· Dynamic L1 deactivation signaling should be supported for grant-free operation.
Proposal 6
· NR should support mechanisms to determine for which TB a particular retransmission grant is received.

· If a granted resource overlaps with transmission resources for another ongoing TB, the granted retransmission should be prioritized.
· If a granted resource for a new TB overlaps with an ongoing grant-free transmission, a decision to drop one of the transmissions should be based on service priority.
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Appendix A – System Level Evaluation Assumptions

	Parameters
	Urban Macro

	Reliability and latency targets
	1 ms with 99.999% reliability

	Layout
	Macro layer: Hexagonal Grid

	Inter-BS distance 
	500 m

	Carrier frequency 
	4 GHz

	Simulation bandwidth
	20 MHz

	Channel model
	36.873 3D UMa

	UE Tx power control
	23 dBm, P0 = -90, α = 1

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	Traffic model
	URLLC: FTP Model 3 with packet size 50 bytes 

	UE distribution
	20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector

	Channel estimation
	Ideal channel estimation

	Admission control
	120 dB DL MCL is used for admission control
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