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Introduction
In RAN1#88 meeting, the following agreements were achieved for URLLC to support grant-free transmission [1]:
Agreements:
• 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
[bookmark: _GoBack]                − 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

In addition, the following agreements were achieved for termination of K repetitions for a TB:
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

This contribution focuses on discussing whether an acknowledgement/indication of successful receiving of that TB from gNB is needed as well as the possible design. The system level simulation results are provided as well. 
[bookmark: _Ref129681832]Termination condition and ACK indication design
Termination condition
According to the agreements, it is agreed that for UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions 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
· The number of repetitions for that TB reaches K
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
It is nature that UE will stop transmitting the same TB if the number of repetitions for that TB reaches K or UE receives an UL grant and transmits the TB per the UL grant rather than continuing repetitions of that TB. In addition, an acknowledgement/indication of successful receiving of that TB from gNB is also necessary for early terminating the repetitions. 
To support URLLC service, the number of maximum repetitions can be determined according to the delay budget, numerology and slot duration.  However, it is a tradeoff to select a proper K for a UE. If K is too large, users in good quality channel may waste resources to transmit unnecessary repetitions which may cause interference to other grant-free UEs sharing the same resources. However, if K is too small, the reliability may not be satisfied. Setting K according to the latency requirement but allowing for an early termination of repetitions for the same TB might be a good solution in terms of the mentioned trade-off.

ACK indication design for UL GF
In general, ACK indication for UL GF can be conveyed by a specific channel, e.g., PHICH-like channel as discussed in [2], or included in DCI which will be discussed in details in this section.
If ACK indication is included in DCI, the DCI could be a UE specific DCI or a common DCI. 
1) ACK indication in UE specific DCI 
UE specific DCI is usually for scheduling PUSCH/PDSCH, which includes many bits for resource allocation related. One bit can be added into the DCI to indicate ACK for UL GF, however, even though there is no PUSCH/PDSCH to be scheduled, the full size DCI needs to be transmitted to convey the ACK indication. Apparently, the overhead is too large. 
Alternatively, ACK indication in UE specific DCI could be a new DCI format (e.g., ACK-DCI) different from normal DCI for scheduling data. ACK-DCI may only include one bit for ACK indication for one specific UE. However, CRC will be attached to the 1 bit payload. Therefore, the CRC overhead and the coding gain might be a concern for this option. 
In addition, many UEs may share the same resources for UL GF transmission, which may result in gNB transmitting a lot of UE specific DCIs to just confirm the successful receiving of the TB to each of UEs. 
Observation 1: UE specific DCI conveying ACK indication for UL GF is inefficient in terms of large overhead. 

2) ACK indication in common DCI 
A common DCI which address a group of UEs can include more than one bit (e.g., 10 ~ 20 bits), in which 1 bit per UE is to indicate ACK for UL GF transmission. 
A new format for the common DCI of ACK indication needs to be defined, which can be like DCI format 3/3A in LTE. UE grouping, i.e., which UEs are grouped into a common DCI needs to be configured or defined. Moreover, UE needs to identify which bit is targeting for that UE in the common DCI.  
Comparing to UE specific DCI including the ACK indication, the common DCI is desirable as it is beneficial in terms of low overhead. 
Observation 2: A common DCI conveying ACK indication for UL GF is efficient comparing to UE specific DCI.
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In this section, we compare the following schemes using system level simulations to demonstrate the advantage of early termination of K repetitions:
Scheme 1:  GF with configured K repetitions, no early stopping. 
Scheme 2:  GF configured with maximum K repetitions, but repetition is early stopped by ACK. 
Figure 1 shows the system level simulation performance of scheme 2 and scheme 1 with different configured K’s in terms of percentage of UEs that satisfies the URLLC reliability and latency requirement. The simulation assumptions are summarized in Table 1 as in appendix. 
For scheme 2, the K is set to be 7, which is the maximum number of repetitions that the UE can perform under the latency requirement of URLLC. It can be seen that the preconfigured K repetitions with ACK stopping scheme significantly outperforms all the preconfigured K repetitions without early stopping schemes. 
For scheme 1 with different K values, they may suffer from performance degradation in comparison to scheme 2 due to different reasons: A large preconfigured K (e.g. K=7) may cause too much unnecessary interference to other UEs, while a small preconfigured K may not be able to meet the reliability requirement of URLLC.  Preconfigured maximum K repetition with early stopping provide a natural way to adapt to each transmission and provide the optimal number of repetitions needed for each transmission and therefore provide the best performance.  
Observation 3: Early termination of repetitions of a GF transmission can significantly improve system performance for URLLC application. 
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[bookmark: _Ref477876652]Figure 1: Percentage of UEs satisfying the URLLC requirements

Based above analysis and simulation results, the following proposals are given:
Proposal 1: For UE configured with K repetitions without a grant, UE should stop repetition of a TB if an acknowledgement/indication of successfully receiving that TB is received from gNB.
Proposal 2: At least a common DCI format should be supported for an acknowledgement/indication of successfully receiving TB(s) in a grant-free transmission configured with K repetitions.
Proposal 3: The common DCI design for ACK indication should at least include the following mechanisms: 1) ACKs for multiple UEs/TBs; 2) ACK mapping to corresponding UE/TB.

Conclusion
The necessity of early terminating the repetitions of UL GF transmission by an acknowledgement or indication of successful receiving of that TB from gNB is discussed in this contribution. The possible design for the ACK indication of successful receiving is given and the system level simulation is provided as well, which lead to the following observations:
Observation 1: UE specific DCI conveying ACK indication for UL GF is inefficient in terms of large overhead. 
Observation 2: A common DCI conveying ACK indication for UL GF is efficient comparing to UE specific DCI.
Observation 3: Early termination of repetitions of a GF transmission can significantly improve system performance for URLLC application. 

 The following proposals are given based the analysis and observations:
Proposal 1: For UE configured with K repetitions without a grant, UE should stop repetition of a TB if an acknowledgement/indication of successfully receiving that TB is received from gNB.
Proposal 2: At least a common DCI format should be supported for an acknowledgement/indication of successfully receiving TB(s) in a grant-free transmission configured with K repetitions.
Proposal 3: The common DCI design for ACK indication should at least include the following mechanisms: 1) ACKs for multiple UEs/TBs; 2) ACK mapping to corresponding UE/TB.
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	Attributes 
	Values or assumptions 

	Layout 
	Urban Macro: Hex. Grid, 57 cells wrap around; 500m ISD 

	Carrier Frequency 
	4 GHz 

	Duplexing Mode 
	FDD 

	System BW 
	20 MHz 

	Number of RBs 
	25 RBs 

	Number of GF RB partitions 
	5 

	Sub-carrier spacing 
	60 kHz 

	SLOT length 
	125 μs 

	MCS 
	QPSK, rate 1/3 (fixed for GF) 

	OFDM symbols per SLOT 
	7 Symbols (NCP) 

	Channel model 
	3D-UMa; user speed = 3km/h  (Following TR 36.873) 

	UE TX power 
	23 dBm 

	OL Power Control 
	P0 = -85 dBm , PL Compensation = 0.93 

	BBU Receiver Noise Figure 
	5dB 

	PHY Packet size 
	32 bytes 

	BS Antenna Configuration 
	4 Rx  (Following TR 38.802) 

	BS Antenna Pattern 
	Following TR 36.873 

	BS Antenna Gain + Connector Loss 
	Following TR 38.802 

	UE Antenna Configuration 
	2 Tx (Following TR 38.802) 

	UL Tx mode 
	SFBC 

	Traffic Model 
	FTP3 

	Fraction of Indoor UEs 
	0.8 

	RB Allocation 
	GF: Random Selection of partition (for both new and re-transmission) 

	ACK Feedback assumption 
	Ideal 

	Channel estimation 
	Ideal 

	Latency bound 
	1ms 

	Target Reliability 
	 10-5 

	Decoding Delay 
	1 SLOT ( BBU and UE) 
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