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1. Introduction
In RAN#76, the revised WID was approved with the following objectives related to the support of ultra-reliable part of URLLC [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


In this contribution, we discuss several aspects on UL control to meet URLLC requirements. 

2. PUCCH design for ultra-reliability
For ultra-reliable and low-latency communication, reducing the retransmission will be one of essential issues to be resolved. In one DL packet transmission for URLLC, it generally includes control, PDSCH, HARQ-ACK (particularly for NACK) and possibly more control and data for retransmission. Reliability of HARQ-ACK is critical. For example, high NACK-to-ACK error will lead higher latency as the network may miss retransmission at physical layer, and RLC recovery may need to be kicked in for data recovery. Moreover, high ACK-to-NACK error may cause unnecessarily retransmission and may affect new transmission due to less spectral efficiency. In this sense, the enhancements on PUCCH in terms of reliability and latency should be taken into account. Between NACK-to-ACK error and ACK-to-NACK error, it is more critical not to have high NACK-to-ACK for URLLC at least when traffic rate is not so high.  
In order to pursue ultra-reliability for PUCCH design, some solutions for enhancing detection performance of PUCCH can be taken into account. One possible approach is to configure multiple PUCCH resources for a single UCI to a UE and only one PUCCH resource is used to transmit the UCI in a time where the selected resource can also carry the information. Multiple resources can be configured for HARQ-ACK and other UCI(s) with ultra-reliability requirement, and one of the resources can be chosen for the UCI transmissions based on channel quality and/or UCI state. The repetition of UCI over multiple frequency resources can be also considered as mentioned below, particularly, when the UE cannot increase the power too much on a given resource due to multiplexing with other UEs. However, when a UE can increase the power on a given resource, it can be more efficient to select one resource and increase PSD instead of repeating over multiple resources. 
To verify the benefit of multiple resources configuration simply, we present the evaluation results of the scheme which the sequence-based 2-symbol sPUCCH carrying 1 bit HARQ-ACK is transmitted over multiple resources partitioned depending on HARQ-ACK state. In other words, PUCCH resource would be different depending on the HARQ-ACK state, that is, ACK resource for ACK state and NACK resource for NACK state are different each other. The network can determine the transmitted HARQ-ACK as ACK state only in case that ACK state is decoded in ACK resource, and as NACK state except for that case. Also, DTX is regarded as NACK. Figure 1 shows the performance of proposed scheme in terms of the ACK-to-NACK error and the NACK-to-ACK error, compared to conventional scheme which both ACK and NACK are transmitted over the same single resource. Simulation assumptions are listed in the appendix.
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Figure 1. ACK-to-NACK and NACK-to-ACK error rate performance of 2-OS sPUCCH for 1 bit HARQ-ACK

In Figure 1, it is shown that proposed scheme has about 2dB gain higher than conventional scheme with respect to the NACK-to-ACK error, while the ACK-to-NACK error is slightly degraded at about 0.5dB. In spite of the above results, this scheme usually needs to reserve additional resource for HARQ-ACK.
Observation 1: Based on the simulation results, the HARQ-ACK transmission configured on partitioned resources depending on HARQ-ACK state enhances the NACK-to-ACK error performance, while the ACK-to-NACK error performance difference is marginal.

Another approach is to transmit UCI over multiple PUCCH resources simultaneously where the PUCCH resources can be mapped onto different carriers and/or bandwidth parts and/or times, which may provide frequency/time diversity gain. In case of non-power-limited case and a UE cannot increase PSD, the UE can allocate more PUCCH resources across multiple carriers or bandwidth parts to transmit UCI. On the other hand, in case the transmit power is not sufficient to utilize multiple PUCCH resources over different carriers or bandwidth parts, a UE also can use more PUCCH transmissions over multiple slots/mini-slots. Considering that slot aggregation is already supported, mini-slot aggregation also can be considered in order to meet ultra-reliability requirement. Further investigation on how to map UCI on multiple PUCCH resources is necessary. 
Proposal 1: NR support for a UE to be configured with multiple PUCCH resources for UCI and one of the resources can be indicated to the UE for the UCI transmission.
Proposal 2: A UE can transmit UCI over multiple PUCCH resources simultaneously where the PUCCH resources can be mapped onto different carriers and/or bandwidth parts and/or times.

Instead of exploiting additional resources for HARQ-ACK feedback, it can be considered to allocate the transmit power differently according to HARQ-ACK state to be sent. For instance, to improve NACK-to-ACK error performance, UE can use more power for NACK transmission compared to ACK transmission. However, it can cause changes on PSD for a given resources. Alternatively, network could adjust the decision boundary for HARQ-ACK states to reduce HARQ-ACK error or adapt ACK-to-NACK and NACK-to-ACK error probabilities. The decision boundary can be adjusted by the network depending on which is more prioritized, for example, reliability or spectral efficiency. In this case, further investigation is needed to adapt the decision boundary for ACK/NACK, based on what information can be utilized. 
Meanwhile, we should consider transmit diversity scheme for UCI with ultra-reliability. For up to 2 bits UCI, since it is expected that multiple PUCCH resources can be CDMed on given resources, SORTD scheme as in LTE system could be simply reused. On the other hand, for more than 2 bits UCI, it is needed to discuss further what transmit diversity scheme could be used.
It is however noted that URLLC use cases/applications have various spectrum in terms of reliability and latency requirements. Thus, depending on the requirements, configurability on the required reliability/latency for PUCCH is also necessary. Particularly, when the UE supports multiple use cases, the capability to transmit PUCCHs with different reliability/latency requirements should be supported. Different requirements may be configured for PUCCH corresponding to different scheduling unit, or dynamic indication by scheduling DCI can be also considered. 

3. UCI piggyback for ultra-reliability
If UCI with ultra-reliability is to be piggybacked onto PUSCH, some issues need to be taken into consideration. Firstly, the number of coded symbols (i.e., resource elements) needs to be figured out by a UE, and in LTE it depends on coding rate and beta offset configured by higher layer. For UCI with ultra-reliability, independent beta offset can be configured to meet more stringent requirement. More generally, it can be considered that the number of coded symbols for UCI with ultra-reliability or the related information is given to the UE via higher layer signaling and/or DCI. 
It should be discussed how to handle the case where latency and/or reliability requirement between UCI and UL channel to carry the UCI is different. Simply, some restriction can be considered such that UCI with ultra-reliability requirement can be only carried via UL channel with similar requirement. Or, it can be allowed to carry UCI with ultra-reliability requirement via UL channel with lower reliability requirement. In such case, some additional protective techniques can be taken into account such as extra CRC, PUCCH format adaptation, different piggyback mapping rule, etc., depending on whether or not to carry UCI with ultra-reliability requirement via UL channel with lower reliability requirement. 
Proposal 3: How to piggyback UCI with ultra-reliability should be further investigated such as the number of coded symbols for UCI with ultra-reliability and handling method in case of different requirements between UCI and UL channel to carry the UCI. 

4. Conclusion
In this contribution, we discussed several aspects on UL control to meet URLLC requirements. Based on the above discussions, our observation and proposals are as follows:
Observation 1: Based on the simulation results, the HARQ-ACK transmission configured on partitioned resources depending on HARQ-ACK state enhances the NACK-to-ACK error performance, while the ACK-to-NACK error performance difference is marginal.

Proposal 1: NR supports for a UE to be configured with multiple PUCCH resources for UCI and one of the resources can be indicated to the UE for the UCI transmission.
Proposal 2: A UE can transmit UCI over multiple PUCCH resources simultaneously where the PUCCH resources can be mapped onto different carriers and/or bandwidth parts and/or times.
Proposal 3: How to piggyback UCI with ultra-reliability should be further investigated such as the number of coded symbols for UCI with ultra-reliability and handling method in case of different requirements between UCI and UL channel to carry the UCI. 

5. Reference
RP-170855, “New WID on New Radio Access Technology,” NTT DOCOMO, INC.


Appendix. Simulation assumptions
	Simulation parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2-symbols

	Channel model
	ETU

	UE speed
	3km/h

	UCI payload 
	1 bit HARQ-ACK

	CP length
	Normal

	Antenna configuration
	1 Tx, 2 Rx

	Channel estimation
	Practical

	Transmission scheme
	ACK/NACK are indicated by different cyclic shifts, with the same cyclic shift on all symbols
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