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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 Ad Hoc and RAN1#88, the following agreements on grant-free resource configuration were achieved for URLLC [1] [2]:
Agreements in RAN1 Ad Hoc:
1. For an UL transmission scheme without grant
0. at least semi-static resource (re-)configuration is supported
0. FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
0. Higher-layer signaling could be similar to Rel-8 LTE SPS
0. FFS: MCS
Agreements in RAN1#88:
1. For UL transmission without grant,
1. The resource configuration includes at least the following
0. Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
0. Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
0. Reference signal parameters
· FFS: Details
0. FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
0. FFS other parameters
1. FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
1. An ACK is successfully received from gNB
1. The number of repetitions for the TB reaches K

And also, the following agreements on grant-free repetitions were achieved [1] [2]:
Agreements in RAN1 Ad Hoc:
1. For an UL transmission scheme with/without grant
2. K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported
0. FFS the way K is determined
0. FFS: hopping mechanisms over the transmissions
Agreements in RAN1#88:
1. 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
3. If an UL grant is successfully received for a slot/mini-slot for the same TB
0. FFS: How to determine the grant is for the same TB
3. FFS: An acknowledgement/indication of successful receiving of that TB from gNB
3. The number of repetitions for that TB reaches K
3. FFS: Whether it is possible to determine if the grant is for the same TB
3. 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)
3. Note that other termination condition of repetition may apply

[bookmark: _Ref129681832]Based on the agreements, in this contribution, we further discuss some details on grant-free resource configuration and the behavior of grant-free (GF) repetitions. We also discuss the requirements to facilitate stopping of the GF repetitions of TBs by switching to grant-based (GB) retransmissions, i.e., GF2GB switching. Furthermore, we compare the URLLC system capacity of the GF2GB switching schemes with that of the GF scheme stopping repetitions on receiving ACK.

Grant-free Resource Configuration
In LTE SPS, resource is configured in a two-stage manner, i.e., the periodicity of the resource in time domain is configured via RRC signaling, while the activation and deactivation of SPS, as well as resource in frequency domain and other transmit parameters such as MCS are configured via DCI. This kind of two-stage resource configuration method in LTE SPS is suitable for periodic traffic without tight latency requirement, in which case, the LTE eNB could predict the start of the service and activate the SPS resource via DCI after the service is started. Moreover, an SPS UE needs to continuously monitor the DCI for potential overriding allocations.
However, this is not applicable to general scenarios for grant-free transmission in NR, where the services for sporadic and infrequent UL small packets are of our most interest. In such case, the two-step configuration may not be efficient as, for example, the single resource periodicity parameter will limit the grant-free transmission flexibility required to suit the sporadic and unpredictable traffic nature while the dynamic resource activation through DCI will not be really necessary. Moreover, when used in the URLLC scenario, the latency bound is extremely tight and demands a packet to be sent immediately after it arrives; this may make the two-stage resource configuration not timely enough.
Observation 1: Resource configuration method in LTE SPS is not suitable for grant-free transmission, especially when the packet arrival is sporadic and with stringent latency requirement.
Taking the above into consideration, for UL grant-free transmission, at least semi-static resource configuration should be supported by higher-layer signaling (e.g., broadcast and/or UE-specific RRC signaling), as already agreed in [1] [2], whereas the dynamic DCI activation/deactivation to grant-free resources is not necessary as a grant-free TB can be allowed to switch to grant-based retransmission as needed [1]. 
In order to make grant-free transmission to work, at least the following information can be configured via higher-layer signaling.
· Time domain resource, i.e., the resource in time domain can be within the life span of the whole grant-free transmission (not for one TB transmission)
· Frequency domain resource and potential hopping patterns/selection rules over TTIs if multiple frequency resource units are available (per TB transmission)
· Number of repetitions, K, which should be configurable, e.g., depending on the latency requirement of the service, and/or the UE channel conditions
· Transmit parameters such as MCSs, RV versions and the potential rule to map different RVs over repetitions (if different RV version is supported)
· DMRS for UE activity detection as well as channel estimation, for which orthogonal RS is more preferred for the UEs sharing the same time and frequency resource.
Proposal 1: Using physical layer signaling to activate/deactivate grant-free transmission is not necessary. 

Grant-free Repetitions
In this section, we discuss the configuration of grant-free repetition number, K, the stopping conditions, as well as UE monitoring during K grant-free repetitions.
Repetition number K
In the NR agreements, an UL transmission scheme without grant supports K (K>=1) repetitions including the initial transmission (with the same or different RV and optionally with different MCS) for the same TB. The number of maximum repetitions, K, should be a configurable parameter and the configuration of the parameter can be UE-specific or cell-specific, and in a semi-static way, which allows gNB to configure or reconfigure a proper K for each UE according to the latency requirement of the service, and/or the UE channel conditions, etc.
Proposal 2: The semi-static configuration/reconfiguration of grant-free repetition number, K should be supported. 
Stopping conditions
As agreed in last meeting [1], for UE configured with K repetitions for a TB transmission, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of following conditions is met: 1) An UL grant is successfully received for the same TB; 2) The number of repetitions for that TB reaches K. In the following we discuss and compare the agreed and FFS early stopping options of GF repetitions as applied to URLLC applications.
GF to GB switching
We first consider the agreed early stopping option of grant-free repetitions. As shown in Figures 1 and 2, upon the URLLC packet arrival, the UE transmits the TB on any of the GF-configured resource units (partitions) during the immediately following slot. If the decoding fails, the gNB schedules the UE to transmit on one of the GB-configured resource partitions during the slot forthcoming after a decoding delay and a grant delay from the end of the first GF transmission. In these examples of GF2GB switching, same fixed MCS of the initial GF transmission is used for the GB re-transmission. In the GF2GB scheme shown in Figure 1, K is set to 1, i.e., the UE waits for the grant for at least RTT-1 slots from the end of its initial transmission to retransmit based on an UL grant. Whereas, in the GF2GB scheme shown in Figure 2, K is set to 6 and the UE proceeds with GF repetitions until an UL grant is received. However, due to the increased number of repetitions per TB, the latter mode of GF2GB switching requires that resources be configured with more GF partitions than for GB to reduce collisions. On the other hand, the UL grant may often be delayed if the gNB is short on GB resource units with respect to the number of TBs awaiting grants in the cell as depicted in Figure 2. 
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Figure 1: UL GF2GB with K=1 and 5 Frequency Partitions; 3 GF and 2 GB Partitions.
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Figure 2: UL GF2GB with K=6 and 5 Frequency Partitions; 3 GF and 2 GB Partitions.
Note that in order to determine whether an UL grant is intended for a given TB or not, there should be some mechanism or predefined rule to guarantee that both UE and gNB can map the K grant-free repetitions of the TB to the same HARQ process. In this case, when delivering the UL grant for the TB, the gNB can indicate the HARQ process ID related to the TB in the grant, explicitly or implicitly. Then the UE can determine whether the detected UL grant is for that TB or not by checking the HARQ process ID. At this time, if a new TB arrives, it should follow the grant-free transmission procedures and start grant-free repetitions on grant-free resources immediately, even if it is the same slot as the granted retransmission. 
As can be observed from the system capacity evaluation results in Section 4, stopping GF repetitions on ACK, which will be described in the following sub-section, provides much higher UE reliability and substantial URLLC system capacity gains with respect to the GF2GB schemes stopping repetitions by sending an UL grant. Given, the increased control overhead with respect to the small TB sizes of URLLC applications and the increased complexity to associate grants with their respective TBs at both the UE and the gNB, we observe that stopping GF repetitions by sending UL grants is not suitable as the UE ID and/or the HARQ process will have to be included in the grants. 
Observation 2: Early stopping of grant-free repetitions of each TB by sending an UL grant is not suitable for URLLC applications since it reduces the overall system capacity and increases the control signaling overhead for such small packets, especially if additional information need to be provided in the grant to indicate the HARQ process ID.

GF Stopping on ACK
In fact, the agreed stopping conditions cannot cover the natural case in which the TB is successfully received by gNB before the end of K repetitions. In this case, an acknowledgement/indication of successfully receiving that TB can be fed back from gNB to the UE to stop the repetitions before reaching the maximum number K (as illustrated in Figure 3 where the ACK delay in this case leads the two extra repetitions), which effectively reduces the potential interference to other UEs and also saves the energy of the UE. Moreover, this is the most efficient way in terms of latency to successfully transmit a TB, i.e. it has the shortest latency compared to grant-free repetitions with other stopping conditions which also results in the least queuing delays for new packets especially at higher arrival rates. This is of great importance to URLLC type of services. In light of this, to operate grant-free in a most efficient way for URLLC, we propose that the grant-free repetitions can also be early terminated by an ACK from gNB.
Observation 3: Early stopping of grant-free repetitions by an acknowledgement/indication from gNB can efficiently reduce the potential interference to other UEs, save the transmit power of the UE, and has the shortest latency to successfully deliver a TB.


Figure 3: Illustrative examples of maximum K=6 grant-free repetitions, where UE stopped transmissions of TB1 after receiving ACK and started new transmissions of TB2. Two extra repetitions are assumed due to ACK delay
Figure 3 demonstrates applications of initial grant-free UL transmissions with maximum K repetitions of 6 in support of URLLC services with 60 KHz subcarrier spacing and 7-symbolsubframes, wherein after the initial transmission, the UE is monitoring in each time slot any ACK message from gNB and to terminate the transmissions once an ACK is received. In the example, ACK for TB1 is received by UE before the fourth repetition, so in total 3 repetitions occurred for TB1.
Proposal 3: A UE configured with grant-free transmission for a TB with K repetitions shall assume ACK if an acknowledgement/indication of successfully receiving the TB is received at repetition M (M<K), and stop repetition of the TB.
For the feedback of acknowledgement/indication of successful receiving of that TB from gNB, there are many options available for further investigation, including for example
· A dedicated PHICH-like feedback channel 
· A group common DCI
· A dedicated DCI
More analysis on pros and cons is given in our contribution [3]. 
Stopping condition configuration
As discussed above, a UE shall stop the grant-free repetitions for a given TB if one of the following three stopping conditions is met:
1. An UL grant for the TB is successfully received before the number of the repetitions reaches K;
2. An acknowledgement/indication (ACK) of successfully decoding the TB is received before the number of the repetitions reaches K;
3. The number of the repetitions reaches K.
Note that, the first two conditions are applied to a UE with certain constraints, for example, when the UE is configured to monitor UL grant and ACK/NACK every TTI. Furthermore, the configuration of stopping conditions can also be traffic driven. For example, if the latency bound of the traffic is extremely tight and the maximum grant-free repetition number K is hence very small (e.g., 2 or 3), it is not efficient to monitor UL grant or ACK during the repetitions. 

System Capacity Evaluation
We compare the performance of the GF scheme stopping repetitions on ACK and the two GF2GB schemes discussed earlier in an FDD framework and show the percentage (%) of UEs satisfying the latency requirement of 1ms and target reliability of 1-10-5 for different PARs per UE at 10 URLLC UEs/cell. Fixed MCS with a resource unit of 5 RBs by 7OSs at 60 KHz SCS are considered for all schemes. The reliability of each UE is determined by measuring the average residual BLER within the latency bound over all simulated packets of each UE.  If the reliability is above the target reliability threshold, the URLLC UE is considered satisfied. A target UE satisfaction of 98% is considered for calculation of the URLLC system capacity. 
 (
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Figure 5: Percentage of UEs satisfying the URLLC latency and reliability requirements for the GF scheme stopping repetitions on ACK and the GF2GB schemes under different PARs.
In GF2GB, regions for GF initial transmission/repetitions and GB re-transmissions need to be configured by gNB. Comparing the two curves of the ‘Initial GF Only’ mode (with 3 resource units for GF/2 for GB vs. 1 resource unit for GF/4 for GB) in Figure 5, it can be seen that the more resources configured for GB re-transmission, the less is the overall system capacity compared to the GF scheme stopping on ACK. In fact, configuring more resource units for GF could result in less collisions for the first transmissions, and hence, higher probability of success in these first transmissions. 
Under the ‘GF Until Grant’ mode, the GF2GB will take the best advantage of GF repetitions, where the UE proceeds with autonomous repetitions of a TB until a grant is received from the gNB, and then switches to GB transmissions of that TB; this can significantly boost the system capacity w.r.t the Initial GF only mode with the same resource configuration. However, the reduced GF resources for GB transmissions, as compared to the GF only with early stopping on ACK, results in increased collisions in the GF region as well as longer delays for new packets. The performance gaps between the GF stopping on ACK and the other schemes are even more prominent at higher packet arrival rates, as can be seen from Figure 5, where for 98% of UE satisfying the URLLC latency and reliability requirements, around 60% gain in terms of supported traffic loading (i.e., average arrival rate) can be obtained for GF only with early stopping scheme over the ‘GF Until Grant’ scheme.
Observation 4: Early stop of grant-free repetitions by an acknowledgement/indication from gNB is a straightforward way for the system parameter configuration, and also demonstrates in the simulation assumptions a better performance than the grant-free to grant-based switching scheme that requires quite involved grant-free/grant-based resource allocations and the UL grant.  

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we further discuss resource configuration for grant-free URLLC, the agreed and FFS stopping conditions of grant-free repetitions before reaching the max number, K. Moreover, the grant-free only, and the grant-free to grant-based switching schemes have been analyzed and evaluated.   The following observations are made in the discussions. 
Observation 1: Resource configuration method in LTE SPS is not suitable for grant-free transmission, especially when the packet arrival is sporadic and with stringent latency requirement.
Observation 2: Early stopping of grant-free repetitions of each TB by sending an UL grant is not suitable of URLLC applications since it reduces the overall system capacity and increases the control signaling overhead for such small packets, especially if additional information need to be provided in the grant to indicate the HARQ process ID.
Observation 3: Early stopping of grant-free repetitions by an acknowledgement/indication from gNB can efficiently reduce the potential interference to other UEs, save the transmit power of the UE, and has the shortest latency to successfully deliver a TB.
Observation 4: Early stop of grant-free repetitions by an acknowledgement/indication from gNB is a straightforward way for the system parameter configuration, and also demonstrates in the simulation assumptions a better performance than the grant-free to grant-based switching scheme that requires quite involved grant-free/grant-based resource allocations and the UL grant.  
From the above observations and discussions, we have the following proposals.
Proposal 1: Using physical layer signaling to activate/deactivate grant-free transmission is not necessary. 
Proposal 2: The semi-static configuration/reconfiguration of grant-free repetition number, K should be supported.
[bookmark: _GoBack]Proposal 3: A UE configured with grant-free transmission for a TB with K repetitions shall assume ACK if an acknowledgement/indication of successfully receiving the TB is received at repetition M (M<K), and stop repetition of the TB.
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URLLC UL OFDMA: System Capacity under (R,L) Requirements: 10 UEs/Cell
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