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Introduction
In RAN1-NR, RAN1#88 and RAN1#87 meetings, following agreements were made [1-3]:
	Agreements:
· 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
Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
Agreements:
· For an UL transmission scheme with/without grant
· 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, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions


In this contribution, we provide consideration points of design for grant-free transmission. We discuss UE detection, TB determination and uplink synchronization in uplink grant-free transmission. Especially, we focus on UE detection using DM-RS, necessary procedure to support HARQ combining and synchronization method for grant-free uplink transmission. 

A possibility of UE detection using DM-RS
Considering sporadic URLLC traffic, it would be beneficial in terms of resource efficiency to share grant-free resources among a few UEs. One mechanism to allow resource sharing is to allocate different DM-RSs where there can be potential collision if more than one UEs are transmitting simultaneously on the same time/frequency resource. In this contribution, we evaluate performances based on DM-RS assuming LTE DM-RS sequences to see whether DM-RS sequence based resource sharing can be beneficial and potential issues to support it. In this case, gNB can distinguish received DMRS by using different cyclic shift and/or orthogonal cover code. It is assumed that DMRS detection is used to distinguish UE transmitting PUSCH. It is compared that the UE detection performance using DMRS for a variety of scenarios in terms of arrival rates, maximum number of UE to be multiplexed, power control assumptions, and TA alignment assumptions. For performance metrics, two types of metrics are considered: One is miss-detection rate and the other is false alarm rate. Not to impact on latency significantly, we measure miss detection rates with fixed false alarm rates to 0.01. 
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Figure 1: Miss detection rate for a various arrival rates (8 UE case)
According to the evaluation results shown in Figure 1, it is observed that UE detection performance varies depending on traffic arrival rate. Since actual DMRS sequence will be a form of circular repetition of CAZAK sequence, DM-RS detection of a certain UE can be affected by other DMRS with different cyclic shift. Meanwhile, depending on the number of UEs sharing the same time/frequency resource which will be configured by gNB, interferences between DMRS with different cyclic shift can be changed (e.g., the CS gap between two DM-RS sequences allocated to UEs can be smaller or larger depending on the number of CSs allocated to the same resource). In the evaluation, we assume maximum 8 UEs share the same time/frequency resource regardless arrival rate. In the results, it is observed that the miss detection rates increases as the arrival rate. To enhance the performance we can consider that, when the arrival rate is high, the maximum number of UE for a certain time-and-frequency resources is reduced. 
Observation 1: The performance of resource sharing can be degraded with the increased arrival rate. 
Proposal 1: Resource sharing among multiple UEs based on DM-RS sequences is supported.
Next, we compare false alarm rates for a various conditions on UE transmit power. In case of grant-free UL transmission, dynamic power control may not be feasible. In case, even though gNB configures target receive UL power to a certain value, the actual received UL power of UEs will be varying. Table 1 shows false alarm rates for a certain UE when DMRS powers of other UE are different and varying. 

Table 1. False alarm rate with power fluctuations of other UE.
	Power fluctuation 
	0 dB
	[-1, 1] dB
	[-3, 3] dB
	[-6, 6] dB

	False alarm rate
	9.950e-3
	1.099e-2
	1.861e-2
	4.354e-2



According to the results in Table 1, it is observed that the false alarm rate increases according to power control inaccuracy. As mentioned earlier, DMRS of other UE can be seen as interference for DMRS detection. Furthermore, due to the power fluctuation, its interference power could be large statistically. In this point of view, as the range of power fluctuation increases, the false alarm would increases.
Observation 2: Inaccurate power control of a UE will cause false alarm to other UE.
Moreover, power control accuracy could affect to the miss detection rate of DMRS. In this stage, DMRS power of a target UE could be varying in a certain range. Figure 2 shows the UE detection performance for the case where 4 or 8 UEs are configured with the same time-and-frequency resources. In this case, the false alarm rate is set to be less than 1e-2. 
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(a) 4 UE case 				  (b) 8 UE case
Figure 2. Miss detection rate with power fluctuation
Considering power fluctuation of DMRS, when the received UL power is lower than the target power to be expected by gNB, it may increase miss detection rate. Especially, an impact of the power control is bigger when the number of configured UEs sharing the same resource is higher because the interference power of other UE become higher with the smaller CS gap.
Observation 3: Inaccurate power control of a UE degrades detection performance.
Proposal 2: It is necessary to investigate whether or how to perform UL power control for grant-free UL transmission. 

Another aspect to be considered for grant-free UL transmission is UL synchronization. In a similar manner of power control, dynamic timing adjustment may not be feasible for grant-free UL transmission. In case, UL transmissions of different UEs who share the same time-and-frequency resources will have different slot boundary. Meanwhile, the uplink synchronization is important to detect cyclic shifted reference signal. A cyclic shifted RS with wrong uplink synchronization could lead false alarm. Figure 3 shows the UE detection performance when the uplink synchronization is inaccurate. 
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(a) 4 UE case 			   	   (b) 8 UE case
Figure 3. Miss detection rate with TA misalignment
When the number of configured UE on grant-free resource is small, an impact of the uplink sync is negligible. On the other hand, when the number of configured UE on grant-free resource is large, the misdetection rate could be varying depending on the range of UL synchronization differences. Depending on the multiplexing capacity of DMRS for a given resources, the time difference of cyclic shift could be changed. Therefore, as the UL synchronization timing difference increases, gNB may not detect the desired signal more frequently. 
Observation 4: When 4 UEs are multiplexed within the same resources, misalignment of uplink synchronization does not effect on UE detection performance.
Observation 5: When 8 UEs are multiplexed within the same resources, misalignment of uplink synchronization could cause degradation on misdetection performance. 

Identification of grant-free transmission
Following above agreement, gNB can schedule a retransmission for a grant-free transmission. To align between a UE and the network, linkage between grant-free transmission and a UL grant needs to be achieved. The following information are examples for that linkage: 
· Option 1: UE ID ( ID based on RNTI or an index of UE group using grant-free)
· If the network has configured UE-dedicated resource, UE-ID can be inferred from the resource used in grant-free transmission. In this case, UL grant can be transmitted using C-RNTI (i.e., reuse grant-based scheduling)
· Option 2: Resource specific ID (ID based on resource index used in grant-free)
· If UEs sharing the resource, and thus the network cannot tie the resource with a specific UE, another approach is to use resource specific ID in retransmission grant. One example is to make RNTI based on the resource used similar to RA-RNTI mechanism.
When different options are considered, the number of HARQ processes supported by grant-free transmission needs to be clarified as well. If there can be multiple HARQ processes for grant-free transmission, further identification on HARQ process number and NDI seem necessary. Moreover, identification needs to also consider K repetition of grant-free transmission considering the network may miss one or more of repetitions. 
Proposal 3: It is necessary to investigate how to define identification of grant-free transmission. 
A UE using grant-free transmission can indicates above identifications implicitly or explicitly. At first, it can be considered to use time and/or frequency resources used for DM-RS transmission. When gNB can distinguish sufficient number of DM-RS sequence for a given time-and-frequency resources, each RS sequence can be mapped to one of the information combinations. For example, 2 HARQ process and 4 UE-ID can be indicated by 8 RS sequence. 
Alternatively, transmitting the identification on DATA region and separated self-decodable channel can also be explicit method for indicating. However it can restrict peak data rate of grant-free UL transmission or more resources needs to be reserved. For implicit method, we can consider a pre-defined rule between a grant-free UE and gNB. For example, time and/or frequency index of used grant-free resource can be mapped to information such as HARQ process number, NDI and transmission order within K repetition bundle. However, since it can restrict a transmission timing of grant-free, it is necessary a consideration of the latency requirement for a configuration of this rule.
Proposal 4: It is necessary to investigate a method for indicating identification considering latency requirement, and signaling overhead. 
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Linkage identification with UL grant 
In semi-persistent scheduling of legacy LTE system, gNB easily knows HARQ process ID from uplink timing of UE. By indicating HARQ process ID and scrambling with UE-ID (C-RNTI), a UE can receive Uplink grant and link it to own uplink transmission. In order to re-use this scheme for grant-free transmission without changes, a UE have to indicate own ID (C-RNTI or an index mapped to C-RNTI) in grant-free transmission because gNB needs a UE-specific ID to transmit UE-specific grant. If multiple HARQ processes are used for grant-free transmission, HARQ process number also has to be indicated in grant-free transmission. 
A gNB can use a group-specific and/or resource-specific UL grant for grant-free transmission. If gNB use a group-specific UL grant as response of the grant-free transmission, it may be necessary to handle the collision cases between different UEs. To be specific, two or more UE which had transmitted uplink in same resource can misinterpret a UL grant as its own UL grant. In that case, UL grant of grant-free transmission need to be designed to resolve this collision problem. For example, additional identification can be included for UL grant for grant-free transmission. Alternatively, it is also considered to a lot of a group-specific ID which are mapped to one resource and/or group in order to indicate various information.
When grant-free and grant-based transmission have separated HARQ process and/or procedure, it is necessary for UL grant to indicate HARQ process number separately. For this, same solution above can be used. For example, an additional field in grant can be used for indicating what HARQ process number is for, grant-free or grant-based. On the other hand, a gNB can assign two RNTI to a UE using grant-free transmission. One is grant-based UE ID (grant-based C-RNTI), the other is grant-free ID (grant-free C-RNTI). When a UE receive UL grant on PDCCH, the UE can use different interpretation according to CRC masking. 
Proposal 5: it is necessary to investigate whether or not to share HARQ process between grant-free and grant-based UL transmission.
Proposal 6: It is necessary to investigate a design of uplink grant for grant-free transmission.

Configuration of the number of repetitions
According to the previous agreement, both of uplink with/without grant transmission support repetitions for the same transport block. First of all, we have to configure the number of repetition K for this operation. In order to configure K, semi-static configuration for the uplink without grant can be considered for simplicity. On the other hand, since gNB can consider channel status of a UE in uplink with grant, it would be beneficial to configure the number of repetition dynamically in terms of resource efficiency.
Proposal 7: For the uplink without grant, a semi static configuration of the number of repetition K can be considered.
Proposal 8: For the uplink with grant, a dynamic configuration of the number of repetition K can be considered.

Uplink synchronization for grant-free transmission
As a statement in Section 2, the uplink synchronization is essential for uplink transmission especially in multiplexed uplink resource. In legacy LTE system, TA command can be sent by gNB for uplink synchronization. Even with grant free transmission for URLLC, we can consider periodic/aperiodic uplink synchronization management via such as DM-RS or SRS and TA mechanism. However, this can lead considerable overhead, particularly for infrequent transmission. Considering performance impact from inaccurate TA and overhead, further investigation on uplink synchronization is necessary. 
Proposal 9: It is necessary to investigate on the uplink synchronization method for grant-free transmission.

Conclusion
In this contribution, we discuss on grant-free UL transmission for URLLC UL. Our proposals are as follows:
Observation 1: The performance of resource sharing can be degraded with the increased arrival rate.
Observation 2: Inaccurate power control of a UE will cause false alarm to other UE.
Observation 3: Inaccurate power control of a UE degrades detection performance.
Observation 4: When 4 UEs are multiplexed within the same resources, misalignment of uplink synchronization does not effect on UE detection performance.
Observation 5: When 8 UEs are multiplexed within the same resources, misalignment of uplink synchronization could cause degradation on misdetection performance. 
Proposal 1: Resource sharing among multiple UEs based on DM-RS sequences is supported.
Proposal 2: It is necessary to investigate whether or how to perform UL power control for grant-free UL transmission.
Proposal 3: It is necessary to investigate how to define identification of grant-free transmission.
Proposal 4: It is necessary to investigate a method for indicating identification considering latency requirement, and signaling overhead. 
Proposal 5: it is necessary to investigate whether or not to share HARQ process between grant-free and grant-based UL transmission.
Proposal 6: It is necessary to investigate a design of uplink grant for grant-free transmission.
Proposal 7: For the uplink without grant, a semi static configuration of the number of repetition K can be considered.
Proposal 8: For the uplink with grant, a dynamic configuration of the number of repetition K can be considered.
Proposal 9: It is necessary to investigate on the uplink synchronization method for grant-free transmission.
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Appendix
Table A: Link level simulation assumptions:
	Parameters
	Values

	Carrier Frequency
	2GHz

	Waveform
	OFDM

	System bandwidth
	10MHz

	Channel model
	TDL_C (Delay spread = 1000)

	Allocated PRB Number
	6

	Bandwidth Per PRB
	15 kHz * 12 = 180 kHz

	Max. No. of UEs sharing the same resources
	4, 8

	UE arrival rate
	100/s/UE, 200/s/UE, 400/s/UE

	No. of RS REs
	144

	BS antenna configuration
	2Rx

	UE antenna configuration
	1Tx

	UE velocity
	3km/h

	RS sequence
	CAZAK sequence with circular repetition

	Cyclic shift index
	{0,6,3,9} for 4 UE case
{0,6,3,9,4,10,7,1} for 8 UE case

	Target false alarm rate
	0.01
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