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Introduction
Supporting new usage and deployment scenarios in NR demands enhancement of scheduling related procedures compared to LTE. In this context, several HARQ-ACK feedback methods were proposed and discussed in RAN1 NR adhoc meeting in January 2017, the following agreements have been made [1],
· HARQ-ACK feedback with one bit per TB is supported.
· RAN1 will down select between the following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting
· Option 1: CB-group based re-transmission (Samsung) 
· Option 2: Decoder state information feedback (Nokia)
· Option 3: CB-level outer erasure code (Qualcomm)
· Option 4: Any combination of Option 1-3
· Other options are not precluded
· Note that if RAN1 cannot reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15.



According to [2], option 2 defines multi-level NACK based on the information “how close” the decoder is to a successful decoding.  Multi-level NACK could be used for both eMBB and URLLC. CB-group based re-transmission method listed as option 1, on the other hand, targets on eMBB [3]. This contribution discusses further on multi-level NACK and its possible combination with CB-group based re-transmission. Performance investigation, from system level simulation point of view, gives some solid evidence that multi-level NACK scheme shows high benefits, enabling to meet URLLC requirements.

Discussion
Multi-level NACK
Multi-level NACK is used to inform how much additional signal power or redundancy is needed for correct decoding. According to this information, the scheduler selects the resource size and/or MCS of retransmission more properly. The level of NACK is determined by quantizing the deficit in SINR or mutual information from the amount required to correctly receive the scheduled MCS. Table 1 shows an example for three-level NACK. 
Table 1 Example of multi-level NACK
	Information bits
	Meaning
	Difference between actual SINR and SINR required to correctly receive the scheduled MCS

	“00”
	ACK
	-

	“01”
	NACK1
	<= 3dB

	“10”
	NACK2
	<= 6dB

	“11”
	NACK3
	> 6dB



One of the main motivations to use multi-level NACK is to make the decoding process successful in the next re-transmission with sufficient resource size and/or MCS. Due to the aperiodic nature of URLLC traffic in general, traditional CQI reports cost too much resource overhead. Therefore, multi-level NACK is one of suitable solutions to satisfy the URLLC requirements.
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Fig. 1 Outage UE ratio of URLLC UEs and throughput of eMBB UEs

Fig. 1 shows the system level simulation results of multi-level NACK. Three-level NACK as defined in Table 1, corresponding to 2 bits ACK/NACK, is used for URLLC traffic while one-level NACK corresponding to 1 bit ACK/NACK for eMBB traffic. The multi-level NACK gives a precise SINR offset for selecting MCS. Simulation assumptions are based on TR38.802 Annex A.2.4. Typical parameters are also shown in Annex of this contribution. A UE in outage is defined as the UE cannot be served within a latency bound of 1.0 ms and BLER bound of 10-5. It can be seen that multi-level NACK can reduce outage UE ratio while maintain throughput of eMBB UEs.

Proposal 1: NR supports multi-level NACK at least for efficient transmission of DL URLLC traffic.

Combination of multi-level NACK and CB-group based re-transmission
As discussed above, multi-level NACK is beneficial for URLLC. Meanwhile, CB-group based re-transmission can be useful in the case that many CBs are included in a TB. In addition, it can be beneficial for eMBB data as well if it may be punctured by URLLC data randomly [4]. Considering that only small packet is assumed for URLLC, multi-level NACK method and CB-group re-transmission method can be adopted to support case (1) single CB per TB and case (2) multiple CB per TB, respectively. If CB-group re-transmission method were supported at least with the option of 2 bits ACK/NACK per TB, then the multi-level NACK method has minimal impact on RAN1 specification. This is because the same transmission method for these 2 bits, e.g. PUCCH format and coding scheme, can be applied to the three-level NACK method. On the other hand, supporting both methods simultaneously for the same TB with multiple CBs may cost significant time on evaluation and standardisation. In summary, supporting both CB-group based retransmission and multi-level NACK but not for the same data transmission as shown in Table 2 is a reasonable way forward in consideration of the tough schedule of NR Phase 1.

Table 2 Supporting CB-group based retransmission and multi-level NACK for different scenarios
	Number of Ack/Nack bits per TB
	eMBB data
	URLLC data

	1
	Agreed option as same as LTE

	2
	CB-group based re-transmission
	Multi-level NACK

	>=3
	
	N/A



Proposal 2: NR supports multi-level NACK only for the case of single CB per TB, if CB-group based re-transmission is also supported.


Combination of multi-level NACK and CB-group based re-transmission
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(a) QPSK                                 (b) BPSK + 3PAM
Fig. 2 Constellation of ACK and 3-levels NACK
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Fig. 3 Mis-detection rate of multi-level NACK

From the viewpoint of system efficiency, similar to LTE, the scheduler is likely to select a MCS targeting BLER of at least equal to or less than 10%. Considering different probabilities of occurrence and different requirements of miss detection rate between each pair of ACK and NACKs, further optimization on constellation(s) for two bits ACK/NACK may be performed. Fig. 2(a) shows a constellation of QPSK while Fig. 2(b) shows a constellation of BPSK+3PAM. The miss detection rates of (Ack->Nack), (Nack->Ack), (Nack(i)->Nack(j)) of these two constellation are shown in Fig. 3. It can be seen BPSK+3PAM outperforms QPSK for all of the three indices. Note that the required SNR gets lower if the occurrence probability of NACK gets lower. 

Proposal 3: Consider further optimization on the constellation diagram of multi bit HARQ-ACK feedback.

Conclusions
This contribution discussed the introduction of multi bit HARQ-ACK feedback in NR. The observations and proposals made from the discussion are summarized as follows,

Proposal 1: NR supports multi-level NACK at least for efficient transmission of DL URLLC traffic.
Proposal 2: NR supports multi-level NACK only for the case of single CB per TB, if CB-group based re-transmission is also supported.
Proposal 3: Consider further optimization on the constellation diagram of multi bit HARQ-ACK feedback.
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Annex: Simulation assumptions for Fig. 1
	Parameter
	Value

	Scenario
	Urban Macro

	Carrier frequency
	4GHz

	Simulation bandwidth
	20MHz 

	BS antenna configurations
	M=1, N=1, P=2

	UE antenna configurations
	M=1, N=1, P=2

	BS TX power
	46dBm

	Traffic model
	Unidirectional (DL)
URLLC: FTP Model 3 (packet size = 32 bytes, arrival rate = 100 packets/second)
eMBB: Full buffer 

	TTI length
	URLLC: 1/7ms; eMBB: 1ms

	MIMO method
	LTE closed-loop precoding, 2x2 (eMBB: rank adaptation, URLLC: rank 1 fixed)

	Channel estimation
	Ideal

	UE distribution
	Follow Urban Macro user distribution for both URLLC and eMBB UEs
20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector
eMBB: 10 UE/sector

	Channel Model
	36.873 3D Uma
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