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Introduction
[bookmark: _Ref378529477]In RAN #80, a new study item on Physical layer enhancements for NR URLLC was approved.  The objective of the study item is to investigate different URLLC L1 improvements to further improve reliability/latency. In the RAN1#94 meeting, the following agreements were made.
Agreements:
Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Further evaluate PDCCH reliability 
· Further evaluate PDCCH blocking 
· Companies describe the resource utilization 
· Complexity should be considered
· Latency of the enhancement(s) should be considered

Agreement: 
· Study further how to enable more than one PUCCH for HARQ-ACK transmission within a slot.

Agreements: 
Study further whether/how to enable enhanced reporting procedure/feedback for HARQ-ACK.
· Enhanced HARQ-ACK multiplexing on PUSCH and PUCCH
· Finer indication for HARQ feedback timing, e.g. symbol-level, half-slot, etc.
· Note: this may be related to more than one PUCCH for HARQ-ACK tx within a slot
· Other enablers are not precluded

Agreements:
Study the need for enhanced CSI reporting/measurement mechanisms. E.g.,  
· DMRS based CSI
· A-CSI on PUCCH
· Trigger by DL assignment
· Enhanced CSI reporting mode
· Other approaches are not precluded

In this contribution, we provide detailed analysis of HARQ enhancements for NR URLLC.
More than One HARQ-ACK within a slot
As agreed in the previous meeting, we strongly support having more than one HARQ-ACK within a slot for URLLC service.  In our view, we need separate resources for HARQ-ACK for URLLC. That is one HARQ-ACK and PUCCH resources for eMBB and another set for URLLC. Since a new DCI is needed for supporting URLLC services, we can reuse the same structure as that of legacy to indicate the PUCCH resources for URLLC. However, in our view Release 15 PUCCH performance is not sufficient to support NR URLCC service requirements as explained in the next section. 
Proposal 1:  Support more than one HARQ-ACK in a slot
[bookmark: _GoBack]
Proposal 2: A dedicated DCI is recommended for URLLC applications 
Motivation for HARQ Enhancements for NR URLLC
In this section we provide mathematical analysis for HARQ-ACK reliability assuming a single link.  

Let  PR is the reliability or the probability  of correct reception of the NR URLLC packet at the application layer. Then for downlink packets transmission, the PR depends on 
a. Probability of correct reception of downlink control channel
b. Probability of correct reception of PDSCH 
c. Probability of correct reception of HARQ-ACK

Since these three events are independent dent from the network point of view, the ioint probability of correct reception at the application layer is given by

[image: ]

Where Pdci is the probability of error for DCI, Ppdsch is the probability of transport block error for PDSCH and PHARQ-ACK is the probability of error for HARQ-ACK 
Since we are interested in the probability of error for downlink control channel Pdci   

[image: ]
                                 
Table 1 shows the PHARQ-ACK          for a given Ppdsch and Pdci is set to 10-5. It can be observed that for a reasonable performance to meet the NR URLLC target requirements the HARQ-ACK performance has to be enhanced significantly. 
Table 1 Required probability of block error rate for HARQ-ACK 
	PR in percentage

	                                     Pdci      


	
	                    Ppdsch

	
	0.1
	0.01
	0.001
	0.0001
	0.00001
	0.000001
	0.0000001

	99.99
	NA
	NA
	NA
	NA
	0.00008
	0.000089
	0.0000899


Figure 1 shows the FER for HARQ-ACK using PUCCH formats 0 and 1 with 2 receiving antennas.  Typically the cell edge UE in NR will have the SNR of -7 dB. Hence for that SNR, it can observed that NR URLLC services can’t be satisfied with the conventional PUCCH control channel.   In the next section, we explain a technique to improve the PUCCH performance for URLLC scenarios. 
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Figure 1 BLER performance of PUCCH formats 0 and 1 with 2 receiving antennas
Enhanced HARQ-ACK Reporting for NR-URLLC
One way to improve the performance of Release 15 PUCCH is to repeat the same information within a slot as shown in Figure 2 for PUCCH format 0. 
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Figure 2 An example depicting the HARQ-ACK repeated over multiple PUCCH resources for PUCCH format 0

Note that similar to Release 15, the network configures the UE with multiple PUCCH resources such that the UE can repeat the HARQ-ACK information over these elements within a slot. Note that this is different compared to the multi slot PUCCH where the same information is repeated over multiple slots. However in this case the same information is repeated over multiple resources as shown in Figure 2. 
It can be observed that same HARQ-ACK is repeated 4 times for PUCCH format 0 over multiple PUCCH resources. At the receiver, gNB determine the HARQ-ACK by taking into consideration of all these PUCCH resources thereby improving the reliability.  Note that the minimum gain is given by 10Log(N), where N is the number of times the HARQ-ACK is repeated within a slot. 
Similarly Figure 3 shows the HARQ-ACK repetition over multiple symbols for PUCCH format 1.  In this case we show only 2 repetitions and in this case too repetition provides gain.  
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Figure 3 An example depicting the HARQ-ACK repeated over multiple PUCCH resources for PUCCH format 1
Hence we propose 

Proposal 3:  HARQ-ACK repetition within am slot is recommend to increase the reliability 


[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on HARQ-ACK enhancements for NR URLLC.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1:  Support more than one HARQ-ACK in a slot

Proposal 2: A dedicated DCI is recommended for URLLC applications 

Proposal 3:  HARQ-ACK repetition within am slot is recommend to increase the reliability 
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