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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #89, the following agreements on grant-free transmission were achieved for URLLC [1] [2]:
Agreements in RAN1#89:
1. For UL transmission without grant,
0. If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signaling 
0. If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
0. “semi-static resource configuration in RRC” agreed by R1-1709537 includes UE-specific semi-static configuration for RS.
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
1. 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
2. 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
2. FFS: An acknowledgement/indication of successful receiving of that TB from gNB
2. The number of repetitions for that TB reaches K
2. FFS: Whether it is possible to determine if the grant is for the same TB
2. 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)
2. Note that other termination condition of repetition may apply

[bookmark: _Ref129681832]Based on the agreements, in this contribution, we further discuss some details on UE identification for grant-free (GF) transmission, especially on the use of DMRS for user detection. Simulation results are given to show the feasibility of DMRS based user detection solution. Moreover, we also discuss some HARQ combining related issues, including the determination of HARQ process ID and also redundancy versions (RV).
GF transmission procedure
GF transmission procedure includes GF resource configuration, GF initial transmissions (including repetitions) and possible retransmissions. Two schemes for retransmission can be considered, i.e., GF retransmission and grant-based (GB) retransmission. Figure 1 and Figure 2 show two typical GF transmission procedures with different retransmission schemes, respectively.



GF initial transmission with GB retransmission (GF2GB retransmission)


Figure 1 A typical GF transmission procedure with possible GB retransmission for UL URLLC
The procedure is further explained as follows:
· Step0: gNB configures GF resource to be used for GF transmission (more details on GF resource configuration can be found in [3]);
· Step1: when data arrives, UE shall send immediately a GF initial transmission of a TB using configured GF resource. Repetitions can be applied in this step;
· Step2: if the GF initial transmission is successfully detected but the TB is failed to be decoded, the gNB can send to the UE a UL grant to schedule a retransmission of the TB;
· Step3: after receiving the UL grant, the UE shall send a grant-based (GB) retransmission for the TB following the instruction of the grant.

GF initial transmission with GF retransmission (GF2GF retransmission)


Figure 2 A typical GF transmission procedure with possible GF retransmission for UL URLLC
The procedure is further explained as follows:
· Step0: gNB configures GF resource to be used for GF transmission (more details on GF resource configuration can be found in [3]);
· Step1: when data arrives, UE shall send immediately a GF initial transmission of a TB using configured GF resource. Repetitions can be applied in this step;
· Step2: if neither HARQ-ACK nor UL grant is successfully detected for the GF initial transmission of a TB, the UE shall initiate a GF retransmission for the TB using configured GF resource; Repetitions can also be applied in this step.
Note that GF2GB retransmission can not be performed if GF initial transmissions are not detected at gNB side. In this case, UE behavior after GF initial transmissions (including GF repetitions) should be further defined. To this end, we propose also to support GF2GF retransmission for GF transmission.

Proposal 1: Retransmission can be performed based on configured grant-free resources if neither HARQ-ACK nor UL grant is received after K repetitions.

UE identification
It is agreed that GF resource can be shared by multiple UEs. In this case, the gNB can not identify which UE are transmitting simply by the time and frequency (T/F) resources, but rely on some other distinguishable resources and/or features. To this end, the use of DMRS for user detection can be a good solution since they should be distinguishable for UEs sharing the same T/F resources to perform channel estimation, especially for scenarios with high reliability requirements, such as URLLC [4]. 
To achieve this goal, UE specific DMRS parameters that are distinguishable at the receiver (e.g., the root index if ZC sequences are adopted, cyclic shift (CS) index, FDM pattern index if any, OCC sequences or index, etc.) should be configured along with the time/frequency resources for the UE. Note that if multiple TBs of the same UE can be transmitted in parallel using GF resources, then distinguishable DMRS may be needed for each TB.
The DMRS design should consider both the user detection performance and the channel estimation performance. The DMRS design discussed for UL MIMO can be used as starting point. Note that when orthogonal DMRS sequences are not enough for user detection, extension to non-orthogonal DMRS should be considered. 
Figure 3 and Figure 4 show the user detection performance of DMRS based solution using the different design alternatives and the corresponding BLER performance, respectively. In the simulation, four users with random packet arrivals share the total 6 RBs. Detailed simulation parameters and DMRS patterns are given in Appendix.
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Figure 3 User detection performance of DMRS based solution
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Figure 4 BLER performance of DMRS patterns with different multiplexing schemes and densities
From the simulation results we can see that DMRS based user detection serves well for GF transmission even in URLLC scenario. Given the above observation, there seems no motivation to involve other mechanisms for UE identification.
Observation 1: DMRS based user detection works well for UL transmission without grant in UL URLLC.
Proposal 2: Distinguishable DMRS parameters should be configured for UEs sharing the same T/F resource in GF transmission. Uplink DMRS design in UL MU-MIMO can be a starting point.

HARQ combining
Considering the latency constraint and the reliability requirements, multiple HARQ processes per UE should be supported for GF transmission in UL URLLC. The exact number needs further discussion which is related to UE capability. With this in mind, in order to do HARQ combining, both gNB and UE need to know exactly which HARQ process is used for the transmissions (including GF initial transmission as well as possible GF or GB retransmission) of the TB.
In current LTE, when asynchronous HARQ operation is applied, HARQ process ID is calculated based on the subframe index of the initial transmission for a TB. gNB and UE follow the same rule to calculate the HARQ process ID which guarantees the consistence at both sides. For GF transmissions (including GF initial transmission, GF repetitions, and GF retransmissions), similar mechanism can be used, i.e.,  the HARQ process ID of a TB can be calculated based on the distinguishable GF resources (e.g., time and/or frequency resource, DMRS, and etc.) used for that TB. 
Moreover, if repetition is configured, then HARQ process ID should be calculated based on the first transmission within the repetitions, so that the subsequent repetitions for that TB use the same HARQ  process ID. In light of this, it is important for the gNB to identify the first transmission in the GF repetitions. One possible way is to use distinguishable RSs for the first transmission and subsequent repetitions.
If GF2GF retransmission is configured, the HARQ process ID used for GF retransmission should remain the same as that for the initial transmissions (including repetitions), if to support combining.
Another possible mechanism to identify HARQ process of the GF transmission at the gNB is to allow the UE to transmit the HARQ process ID along with the data. But in this case, the HARQ process ID needs to be decoded before the data in order to do the combining, which implies new design of a separate control channel for GF transmissions. 
While for GB retransmission, the calculation of the HARQ process ID can use the same mechanism as described above. Then the HARQ process ID can be carried in the UL grant for the UE to identify which TB(s) to be retransmitted. And in this case, NDI in the UL grant can be set to a fixed or pre-configured value for retransmission indication.
Furthermore, in order to do HARQ combining, gNB should know exactly the RV used for each transmission. To achieve this goal, if different RVs can be used for different transmissions in the repetition, there should also be mechanisms to identify the correct RV of each transmission. 
Proposal 3:  For UL transmission without grant, RS can be used to differentiate the first transmission and subsequent repetitions, FFS mechanisms on RV determination.
Proposal 4: For UL transmission without grant, HARQ process ID can have a predefined association rule with GF resources (e.g., time and/or frequency resource, DMRS, and etc). 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss some details on UE identification and HARQ combining for GF transmission in UL URLLC. 
Observations and proposals are as follows:
Observation 1: DMRS based user detection works well for UL transmission without grant in UL URLLC.
Proposal 1: Retransmission can be performed based on configured grant-free resources if neither HARQ-ACK nor UL grant is received after K repetitions.
Proposal 2: Distinguishable DMRS parameters should be configured for UEs sharing the same T/F resource in GF transmission. Uplink DMRS design in UL MU-MIMO can be a starting point.
Proposal 3:  For UL transmission without grant, RS can be used to differentiate the first transmission and subsequent repetitions, FFS mechanisms on RV determination.
Proposal 4: For UL transmission without grant, HARQ process ID can have a predefined association rule with GF resources (e.g., time and/or frequency resource, DMRS, and etc).   
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Appendix
Table 1 summarizes the simulation parameters, and Figure 5 shows the four DMRS patterns with different multiplexing schemes and densities used in the simulation.

[bookmark: _GoBack]Table 1 Simulation parameters
	Parameters 
	Values 

	Carrier frequency 
	4GHz 

	Waveform 
	CP-OFDM 

	System bandwidth 
	10MHz 

	Subcarrier spacing 
	60KHz 

	Channel model 
	TDLA 30ns 

	Transmission slot length 
	7 symbols 

	Number of allocated PRB 
	 6 

	BS antenna configuration 
	4Rx 

	UE antenna configuration 
	1Tx 

	UE velocity 
	3km/h 

	Power control accuracy 
	±0 dB 

	TA accuracy 
	±0 CP 

	Channel estimation 
	Real estimation 

	UE detection mechanism 
	Time-domain correlation 

	Modulation order/Code rate 
	QPSK, 1/6 CR 

	DMRS pattern 
	Front-loaded (1 symbol, as shown in Fig. 5)





Figure 5 DMRS patterns with different multiplexing schemes and densities used in the simulation
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