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Introduction
One of the NR work item objectives for URLLC is [1]:
· Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
· Identify techniques to meet the URLLC requirements set forth by [TR38.913] starting after RAN#76
· Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms [1]. For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.
In this contribution, we discuss some of the issues of HARQ-feedback bits reporting for URLLC and necessary adjustments to the NR HARQ-ACK feedback framework for URLLC.
Discussion
The latency requirement limits the number of HARQ based transmission opportunities (which is a function of subcarrier spacing) [4]. The larger subcarrier spacing will have a higher number of transmission opportunities due to the shorter symbol length. With more transmission opportunities the resource utilization at the gNB can be optimized both for downlink control and data channels with relaxed reliability [2][3]. 
[bookmark: _GoBack]Observation-1: More transmission opportunities provide better control and data resource utilization
The current HARQ-feedback transmission framework forms the bottleneck to increase the number of transmission opportunities within the latency constraint. The current framework for the transmission of HARQ-feedback bits is based on codebook and two types are available currently [6]:
· Type 1: Semi-static codebook
· Type 2: Dynamic codebook
Both codebook based methods use a single PUCCH resource for the transmission of HARQ bits accumulated over previous transmissions and/or monitoring occasions. The PUCCH resource identification is based on the number of UCI bits (selecting the PUCCH resource set) and ARI bits (selecting a resource from the selected PUCCH resource set) that are indicated in the DCI scheduling PDSCH [6]. This framework is not suitable for URLLC, as there is only one UL opportunity for the HARQ-feedback bits to be transmitted in an UL slot. 
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[bookmark: _Ref513570317][bookmark: _Ref513570311]Figure 1: Two examples showing the delay introduced in the current HARQ-feedback bit reporting framework
A typical URLLC UE’s is expected to have:
1. Aggressive UE processing timing, N1 [4] 
2. Configured with frequent CORESET monitoring
3. The values used for K1 indicated using HARQ-feedback timing will be small to reduce the latency
In the typical scenario mentioned above, the UE is configured to monitor CORESET as shown in the Figure 1. The parameter N1 represents the minimum UE PDSCH processing procedure time as specified in [7] and K1 represent the PDSCH-to-HARQ feedback timing indicator [6]. Following the current framework, the PUCCH resource for the HARQ-feedback bits transmission are pushed to the end of the slot as shown in Figure 1. The potential issue with the current framework can be with latency as shown in the above example. In order to reduce the latency of the HARQ-feedback bits of URLLC, we propose to have an option of reporting of HARQ-feedback bits of URLLC in a separate PUCCH resource.
Below are the table providing maximum number of HARQ transmissions that are permitted within the URLLC latency of 1ms. The UE processing time of 4OS for 15KHz/30KHz and 8OS for 60KHz is assumed. Table 1 gives the maximum number of HARQ transmission opportunities with the current framework. We have assumed the HARQ-feedback timing, K1=1, since there is no guarantee that gNB can assure K1=0 due to the constraint of allowing only one PUCCH transmission opportunity for HARQ feedback bits in a UL slot. 
[bookmark: _Ref513796806][bookmark: _Ref513796799]Table 1 Maximum number of HARQ transmissions permitted with the current framework for HARQ feedback
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[bookmark: _Ref513796986]Table 2 Maximum number of HARQ transmissions permitted with separate PUCCH resource for HARQ feedback
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Table 2 gives the maximum number of HARQ transmission opportunities when separate PUCCH resources are used for HARQ feedback. Here, we assume that UE would be configured with PUCCH resources such that gNB indicates the earliest PUCCH resource for the transmission of HARQ feedback. As seen from the tables, when separate PUCCH resources are allowed, the number of HARQ transmission opportunities are increases as a function of subcarrier spacing.
Another important aspect is the reliability of the URLLC HARQ feedback bits. With the current framework all the HARQ feedback bits are combined in the same codebook and hence all the bits will have the same reliability. However, the reliability requirement for HARQ feedback bits of URLLC can be much more stringent based on application. Having separate PUCCH resource for URLLC can give more flexibility to modify the reliability of HARQ feedback bits. 
Observation-2: The current reporting framework uses a single PUCCH resource per slot for HARQ-feedback bits and hence can have issues with both latency and reliability
Proposal-1: The HARQ-feedback bits of URLLC packets are to be reported using separate PUCCH resource(s)
PUCCH resource selection for the HARQ-feedback bits of URLLC is an important aspect. In order to reduce latency, the gNB should have the flexibility to select a PUCCH resource that occurs right after the UE processing of the packet. This requires a larger number of PUCCH resources to be configured for URLLC UE’s and hence more ARI bits to indicate them. It was proposed in [5] to remove ARI bits and let the UE choose the earliest configured PUCCH resource for the transmission of HARQ-feedback bits. However, reliability of the PUCCH channel is compromised as gNB loses PUCCH resource scheduling capability, and also it does not address the latency issue that shown in the examples above. 
Some of the options are proposed to address this issue: 
Option-1: In this option ARI bits are used for indicating PUCCH resource however, the resource is assumed to be indexed from the end of UE processing time as shown in Figure 2. The flexibility of PUCCH resource indication at gNB is a function of number of ARI bits (lesser the ARI bits, lesser the gNB flexibility in indicating resource). 
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[bookmark: _Ref513649751][bookmark: _Ref513649746]Figure 2: PUCCH resource selection based on only ARI bits
Option-2: Since URLLC requires HARQ-feedback bits to be transmitted earlier in time, the values that are configured for HARQ-feedback timing indicator (which maps to K1) takes only few values such as K1=0, K1=1. In order reduce latency we need to get better granularity in HARQ-feedback timing indicator, the values of K1 can be interpreted in number of symbols. In this option, a combination of HARQ-feedback timing indicator and ARI bits can be used to indicate the PUCCH resource as shown below, where the value of HARQ-feedback timing indicator specifies the ‘start’ and ‘length’ in terms of symbols and the ARI bit indicates the resource in this window. When more than one resource indications points to the same PUCCH resource then they are combined in the predefined codebook. The combination of K1 and ARI can give more flexibility at gNB for PUCCH resource indication without adding extra overhead in signalling.
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Figure 2: PUCCH resource selection based on K1 (interpreted in symbols) and ARI bits
Observation-3: Interpreting K1 in terms of symbols can provide more granularity in indicating PUCCH resource 
Proposal-2: Interpret K1 in terms of symbols and jointly use K1 and ARI bits to indicate the PUCCH resource
Conclusion
Observation-1: More transmission opportunities provide better control and data resource utilization
Observation-2: The current reporting framework uses a single PUCCH resource per slot for HARQ-feedback bits and hence can have issues with both latency and reliability
Observation-3: Interpreting K1 in terms of symbols can provide more granularity in indicating PUCCH resource 
Proposal-1: The HARQ-feedback bits of URLLC packets are to be reported using separate PUCCH resource(s)
Proposa1-2: Interpret K1 in terms of symbols and jointly use K1 and ARI bits to indicate the PUCCH resource
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