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1 Introduction

In RAN #80, a SI [1] was approved for NR URLLC including following objectives: 

· “Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)”
· “UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements”

To improve the DL transmission efficiency, HARQ based retransmission can be considered and UCI needs to be enhanced in both latency and reliability. In this contribution, a number of UCI enhancements are discussed and proposed.
2 Discussion
To achieve the overall target reliability of 10-5, two PDSCH BLER targets were defined for NR URLLC in Rel-15, i.e., 10-1 and 10-5, and considering the tight latency requirement, in most cases there is only one chance for retransmission (two attempts in total). It is our understanding that the gNB may schedule the initial PDSCH transmission with a target BLER of 10-1 and the retransmission with a target BLER of 10-5. Reliabilities of relevant channels are analyzed in this section.  
2.1
UCI reliability

Since there is only one chance for retransmission, no ACK/NACK needs to be sent after a retransmission therefore it is assumed that ACK/NACK feedback is sent after the initial transmission. The PUCCH reliability needs to be at least 10-4 with 10-1 PDSCH BLER. Link level simulation was done to evaluate its reliability with assumptions as shown in Table 1 below. 
Table 1 PUCCH link simulation assumptions

	Payload
	1 bit ACK/NACK

	Resources
	2 OFDM symbols by 1 PRB, with frequency hopping

	Channel model
	Independent channel response after frequency hopping

	Antenna setting
	1TX 2RX


Symmetric decision is used between ACK and NACK so N2A and A2N, N2D and A2D, D2A and D2N are equal in each pair respectively. Among them, N2A is the most important one as each single event will cause one packet loss and according to the analyses above, N2A needs to be less than 10-4. 
Both N2A and N2D are determined against a threshold which is selected according to a target false alarm rate (= D2N + D2A). In Figure 1, both N2D and N2A are simulated with 3 different D2N assumptions. For D2N = 10-2, the SNR needs to be at least 0 dB so that N2A could be ~10-4 with N2D ~= 10-2. When a N2D event happens, the gNB will schedule a retransmission by assuming the DCI of the initial transmission is lost which is actually not. With DCI assumed lost, the gNB has to use RV 0 for the retransmission but as well known, a different RV is better for the link performance with soft combining used in the case of PDSCH failure. Additionally, for PDSCH failure, a compact DCI can be used in the retransmission after a NACK is received as discussed in our companion contribution [2] and obviously, compact DCI can be used more often when N2D can be reduced. So both PDSCH and DCI performance can be improved with a smaller N2D. A2D results in unnecessary retransmissions and is same as N2D in value so about 10-2 TBs will be retransmitted unnecessarily when actually they were received after the initial transmission.  To use a smaller D2N will slightly increase N2D and decrease N2A, for instance, N2A is 3*10-5 and N2D is 2*10-2 at 0 dB SNR with D2N = 10-3.  
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Figure 1 PUCCH link simulation results
It can be observed that for PUCCH, N2A should be less than 10-4 and it could be acceptable for N2D to be around 10-2. 
2.2
DCI reliability

Considering PDSCH BLER is 10% and DCI should be much reliable than PDSCH, similar as eMBB, DCI BLER around 1% is acceptable for URLLC. Assuming a DCI is lost, the UE will not indicate either ACK or NACK but the gNB will still try to detect the PUCCH and if a false alarm happens with an ACK decision, the gNB will stop further retransmission with the corresponding TB lost. As a result, D2A needs to be less than 10-3 but it is also possible to have a relaxed D2A such as 10-2 by reducing the DCI BLER to 10-3. 
It can be concluded that DCI reliability needs to be between 10-2 and 10-3 for initial transmission and no more than 10-5 for retransmission. All reliabilities discussed above are summarized in Table 2 below. 
Table 2 Reliability summary of relevant channels

	
	D2A = 10-2
	D2A = 10-3

	PDSCH
	Initial transmission: 10-1; 

Retransmission: 10-5

	DCI
	Initial transmission: 10-3; 

Retransmission: <10-5
	Initial transmission: 10-2; 

Retransmission: <10-5

	UCI
	N2A: < 10-4

N2D: ~ 10-2


2.3
UCI transmission opportunities
If PUCCH is transmitted after the end of TTI plus a processing time, the target latency of 1ms may not be achievable. Actually at the beginning of NR, it was agreed for REs to be mapped in the order of frequency first and time next to enable pipeline processing and when PDSCH is transmitted with rich redundancy, it is possible for the UE to decode the TB before the end of TTI and feedback ACK/NACK earlier. 
In the example of Figure 2, a code rate less than 1/6 is assumed and theoretically, the PDSCH is decodable after the first OFDM symbol. The gNB can configure multiple PUCCH resources in time for the same TTI, and the UE can try to decode the PDSCH at each configured point. Too many points may increase the UE complexity and PUCCH overhead too much, and the gNB can do the configuration by balancing between the increased UE complexity and the reduced latency. In the example of Figure 2, two PUCCH resources in time are configured for one TTI, ACK/NACK feedback is indicated first with PDSCH decoding result of the first 3 OFDM symbols and then with all 6 OFDM symbols. If a NACK is indicated in the first opportunity, the gNB can start the retransmission 3 symbols earlier. It may happen that the PDSCH is decoded successfully with 6 symbols after a NACK with 3 symbols is indicated and in that case, the retransmission scheduled by the gNB is wasted. The probability is the PDSCH BLER of the first 3 symbols so the amount of wasted resource can be minimized by selecting the first feedback point with a proper BLER.   
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Figure 2 PUCCH transmission opportunities
It can be configured to use multiple feedback resources per TTI to reduce the latency with the cost of decreased resource efficiency. 
Proposal 1: it can be considered to configure multiple PUCCH resources per TTI to reduce the latency. 
3 Conclusion
In this contribution, reliabilities of relevant channels for DL transmission are analyzed and a number of enhancements were discussed and proposed for consideration. 
Based on above discussions and simulation, we have the following proposal: 

Proposal 1: it can be considered to configure multiple PUCCH resources per TTI to reduce the latency. 
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