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Introduction
In RAN#80, the following was agreed:

	Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. 



During the RAN1#95 meeting the following agreements were made regarding the enhancements to the UL grant-free transmission schemes [1]:

	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
Agreement:
· 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, we specifically focus on discussing potential improvements on grant-free transmission schemes.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]Study of multiple configuration for UL configured-grants
Grant-free UL transmission has been considered a major feature suitable for URLLC application. As the UE uses configured resources for PUSCH transmission, the Transmission Opportunities (TO) cannot be dynamically allocated depending on data arrival time. This will also have drawbacks when different services (i.e., with different traffic requirements) exist at the UE. In this case, such a strict occurrence of the TOs of a single configuration may result in a delay. This delay (also referred to as a jitter) can be further reduced if the allowed transmission opportunities are increased. Figure 1 below highlights the need of multiple UL configured grants. 
[image: ]
Figure 1: Possible delay due to late packet arrivals (with no cross boundaries or soft starts)

Supported use-cases for multiple configured-grants
In RAN1#95, it was observed that multiple configurations could support low latency at the UE side, when multiple services are present. Hence, data arriving from different services can easily access the next possible configurations, minimizing the delay. One can observe the following use cases that may exhibit ‘racing up’ at the UE, requiring access to one or more configured grants.
I. Different URLLC services:
A UE is handling different services with different URLLC requirements, i.e., latency, reliability, and traffic types. In this case, the different services may require different time accessing the air-interface. With different reliability requirements, it may mandate different number of K-repetitions.
II. Same URLLC service with varying traffic parameters
In a factory automation scenario,  if the data arriving time is subject to a varying jitter, e.g., due to different time alignment of the different clocks resulting in a hyper-period phenomenon, then, a jittered data may arrive slightly after the TO and may lead to a delay until the next TO. Hence, in case of multiple configured active grant, the newly arriving data will be deferred to the next possible TO in another configuration.
Observation 1: Multiple configured grants can be useful for different URLLC services or one URLLC service with different transmission alignments
Proposal 1: Support multiple configured grants for different URLLC services with different parameters or same URLLC service with varying traffic conditions
Type-1 and Type-2 for multiple configured grants
In RAN1#95, both configured grants of Type-1 and Type-2 were seen as options to select from. Either configured grants Type-1 (with RRC signaling only) or Type-2 (with RRC and L1 signaling) can support multiple configured grants for different services or different traffic types. Type-1 with multiple configuration may not efficiently utilize the spectrum by activating multiple (sporadically used) configurations. In a service based active CG, for an extremely low-latency demanding application, there could be a requirement to activate more assigned configurations in a UE configured with multiple CG. It may be needed to inform the gNB to activate similar assigned configurations with specific parameters so that the ultra-low latency application continues unhindered. 
Type-2 with RRC and LI signaling, can avoid wasting resources by allowing the gNB to activate more similar configurations and simultaneously deactivate other configurations not being used. This can also reduce possible collisions between active UEs.
[bookmark: _GoBack]Hence, it may be beneficial to study whether to use Type-1 or Type-2 based on the use-case and the required latency/reliability parameters. Additionally, it may be very useful if the UE could assist activating /deactivating any of the multiple CG by sending a specific feedback to the gNB. This signaling can inform the gNB about the possible latency for different services. In this case, at least for Type 2, it is important to study the details of such a feedback signaling.
Observation 2: Selecting between configured grants of Type-1 and Type-2 may require knowledge about the use-case or the required reliability/latency 
Proposal 2: Support multiple configured grants for at least Type 2 with activation/deactivation of the multiple configured grants
Proposal 3: Support UE specific feedback for adapting the active configurations for, at least, configured grants Type-2 and study the details of the feedback signaling
K-repetitions for reliability with multiple configured-grants
In Figure 2, we show different options for multiple active configured grants. Option a) has two configurations with the same frequency resources (staggered in the figure) and different time offsets. In both configurations, i.e., CG1 and CG2, we assumed all parameters are fixed, i.e., including K-repetition with K = 4. Option b) has different time and frequency resources, even with different number of allocated RBs, different K- repetition, i.e., K0=4 and K1=2, and different periods.
For studying multiple active configured grants, it is also viable to study how to support K repetitions for high reliability. As in Figure 2 - Option a), configuring multiple configured grants with only time-shifting (sharing the same frequency resources) may require a UE to prioritize between the existing active K-repetition and the new arriving data from another service. For example, in Figure 2 - Option a), the UE may stop transmission of RV2, RV3, and RV1 of existing configuration CG1 to transmit the new transmission of CG2. In this case, only configuration-specific or UE-specific DMRS are needed to distinguish between the different configurations. Even more, it may be useful to keep the configured parameters (RB_start, RB_offset, MCS/TBS, boundary P and K value) same for each configuration. 
Observation 3: K-repetitions may have to be stopped if a new PUSCH starts on a parallel configuration for multiple CG with same frequency resources. This will have an impact on reliability.
[image: ]
Figure 2: Multiple configuration supporting different services; Option a) with common frequency resources and parameters (just time offset); Option b) with different frequency/time resources and parameters

The other possibility is to have different frequency/time resources and configuration parameters for each specific configuration as depicted in Figure 2 - Option b). This may be more beneficial for multiple services that require multiple parameters, e.g., period, MCS/TBS, and K-repetitions. In this case, it is necessary to study if the UE still needs to pre-empt its own (previous) K-repetitions (similar to option a), i.e., a new PUSCH is sent. Furthermore, it is also possible to study the coexistence of two or more PUSCHs where transmissions do not occupy the same frequency. Finally, it is important to study how the K-repetition mechanism can be altered when multiple active configured grants are considered using either Option a) or b).
For multiple active configured grants following Option b), the different configured frequency resources can be used to identify the different configurations, i.e., rather than DMRS only. This may leave enough DMRS selections for other different purposes, e.g., different DMRS sequences can be used to identify UEs if more than 1 UE are allocated to send PUSCHs at the same configuration (time/frequency resources). When more than 1 UE is assumed, it may be also beneficial to study how UEs, with different PUSCHs, can be randomized across the multiple active configured grants. This randomization can follow certain patterns in time and/or frequency. In this case, reliability can be further enhanced by reducing collision if more than one UE would have simultaneous transmissions on the same time/frequency resources.  
Observation 4: Randomizing the UE PUSCHs across multiple configured grants may reduce collision probabilities if more than one UE is assumed.
Proposal 4: Study how K-repetition will be impacted by allowing multiple active configured grants using:
· Option 1: for same services at least over different time-shifts
· Option 2: for different services at least over multiple time/frequency configurations with individual parameters

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
In this contribution the following observations and proposals have been made:
Observation 1: Multiple configured grants can be useful for different URLLC services or one URLLC service with different transmission alignments
Observation 2: Selecting between configured grants of Type 1 and Type 2 may require knowledge about the use-case or the required reliability/latency 
Observation 3: K-repetitions may has to be stopped if a new PUSCH starts on a parallel configurations for multiple CG with same frequency resources. This will have an impact on reliability
Observation 4: Randomizing the UE PUSCHs across multiple configured grants may reduce collision probabilities if more than one UE is assumed.
Proposal 1: Support multiple configured grants for different URLLC services with different parameters or same URLLC service with varying traffic conditions
Proposal 2: Support multiple configured grants for at least Type 2 with activation/deactivation of the multiple configured grants
Proposal 3: Support UE specific feedback for adapting the active configurations for, at least, configured grants Type 2 and study the details of the feedback signaling
Proposal 4: Study how K-repetition will be impacted by allowing multiple active configured grants using:
· Option 1: for same services at least over different time-shifts
· Option 2: for different services at least over multiple time/frequency configurations with individual parameters)

References
[1] 	3GPP RAN1#95, Chairman’s Notes, Nov. 2018.




image1.emf
Sub

-

channels

P

CG

K

RV0 RV2

Slots

RV0 RV2

RV3 RV1

RV3 RV1

P

K

Packet 

1

/

service 

1 

arrival

Packet 

1

/

Service 

2 

arrival

RV0 RV2 RV3 RV1

Packet 1/service 2 - 

Transmission

Packet 2/service 1 -

Transmission

Service 2 delay

P

Service 1 delay

Packet 

2

/

service 

1 

arrival

Packet 1/service 1 -

Transmission


image2.emf
RV0

RV0

P

0

CG2

CG1

Slots

CG2

CG1

RV2 RV3 RV1

RV3

K

0

RV0 RV2

RV0 RV2 RV3 RV1

RV2 RV0

RV3 RV1

RV0 RV2

P

K

Option b)

Option a)

Slots

RV0 RV2

RV3 RV1

RV0 RV2

K

1

P

1

K

P

TO

0

TO

1

TO

0

TO

1

n

0

-RBs

n

1

-RBs

n-RBs

RV3 RV1

RV3 RV1

Frequency

Frequency

RB_start1

RB_start2

RB_start


