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1 Introduction

In RAN1#88 [1], following agreements were achieved for resource allocation for PUCCH. 
Agreement:

· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.

· A set of PUCCH resources is configured by high layer signaling

· FFS: other mechanisms

· A PUCCH resource within the configured set is indicated by DCI.

· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE

· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling

· This does not preclude implicit resource mapping

In this contribution, some further considerations are discussed for resource allocation specifically for a more reliable PUCCH in short-duration to meet the URLLC requirements. 
2 Discussion
To achieve the very high reliability of URLLC, it is very inefficient to use a single transmission with very low coding rate and retransmission can help to improve the transmission efficiency dramatically. The overall reliability of 10-5 can be achieved by assigning it into multiple steps as shown in Table 1. In the total reliability, 3*10-3*10-3 is the packet loss due to incorrect Nack which is unrecoverable and 6*10-6 is the reliability after soft combining which is an estimated value. It can be observed that the PUCCH used by URLLC still needs to achieve a reliability around 10-3 which is still much higher than 10-2, the PUCCH reliability required by eMBB.
Table 1 Reliability to be achieved in each step
	Step
	Reliability
	Notes

	1st transmission
	3*10-3
	As explained above

	Nack feedback
	1*10-3
	Probability of a Nack is interpreted as Ack

	Ack feedback
	1*10-x
	Probability of an Ack is interpreted as Nack
No harm to reliability but will increase unnecessary retransmission

	2nd transmission
	6*10-6
	Achievable reliability with soft combining

Total reliability = 3*10-3*10-3+ 6*10-6= 9*10-6 meets the target 10-5


Self-contained structure together with PUCCH in short-duration is assumed a key design to enable at least one retransmission within the given latency requirement. As agreed in RAN1, PUCCH transmission of a short-duration may have only 1 or 2 symbols, and with about 11 dB or 8 dB energy loss, the reliability of a short-duration PUCCH is dramatically reduced when compared with the long-duration PUCCH. It is very important to improve the reliability of short-duration PUCCH to meet the URLLC requirements. 
In coverage limited scenario, a terminal normally transmits with full power and theoretically, there is no significant coverage benefit by allocating more resources to the terminal. In LTE a single PRB is allocated to PUCCH with frequency hopping at slot boundary. But frequency hopping requests more DMRS resources and meanwhile there must be at least two symbols. So for short-duration PUCCH, it is not realistic to reuse similar designs. 
For self-contained structure, it is assumed that DL and UL are operating in the same frequency in a TDD manner. Assuming the UL channel response could be obtained from DL channel estimation, it is possible for the terminal to select the PRB with the best channel response to improve the reliability. 
A number of PRBs can be pre-allocated to a terminal via high layer signaling, the terminal can select which PRB to use for the PUCCH transmission according to the DL channel estimation and a blind detection at the gNB is requested. To reduce the correlation of channel response between the allocated PRBs, it is recommended to have them separated as far as possible in frequency domain, for instance, the first PRB and the last PRB, if only 2 PRBs are pre-allocated. 

Proposal 1: it is proposed to pre-allocate a set of PRBs via high layer signaling at least for short-duration PUCCH in TDD mode to let the terminal to select the best one for PUCCH transmission according to the DL channel estimation. 

3 Simulation

A simple simulation is done to understand the potential gain with the proposed resource allocation method for PUCCH. As illustrated in Figure 1, Option 1/2/3 has one/two/four PRB(s) pre-allocated in order and all PRBs are allocated with equal power for the PUCCH transmission; Option 4/5 has two/four PRBs pre-allocated in order but each time only the one with the best channel response is selected for the PUCCH transmission. To simulate the coverage limited scenario, all options have the same total power. 
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Figure 1 Options compared with simulation
A sequence based message is used in the simulation, and as proposed in our previous contribution [2], Ack is represented by transmission a specific sequence and Nack is represented by no transmission. Sequence detection is used against a threshold which is selected for a certain false alarm probability. 
Simulation assumptions are given in Table 2.

Table 2 Simulation assumptions

	Attributes
	Values or assumptions

	Message
	Sequence based

	Channel Model
	TDL-C-1000ns

	Power distribution
	Limited and equal distribution

	Bandwidth 
	20 MHz

	Sequence length
	12 and concatenated to longer one when more than 1 PRB is used


The missed detection probabilities are compared for all options below in Figure 2. Two set of simulation results are given for 1% and 0.1% false alarms each. It could be understood that false alarm probability is the BER of Nack and the missed detection probability is the BER of Ack. According to the reliability targets in Table 1, the false alarm rate of PUCCH needs to be around 0.1%. 
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Figure 2 Missed detection probabilities. Left: 1% false alarm; Right: 0.1% false alarm
The curves of Option 2 and Option 3 are shifted by 3dB and 6dB separately to compensate the SNR degradation so the coverage performance can be directly compared in the same figure. Take the examples with 0.1% false alarm rate and 1% missed detection rate, Option 4 has 3.1dB gain and Option 5 has 4.0dB gain. 
The same set of PRBs can be pre-allocated to multiple UEs so the PUCCH capacity can be improved, and since all UEs select independently the PRB used for PUCCH transmission, the inter-UE interference is actually randomized and mitigated. A remarkable coverage gain could be obtained with the proposed resource allocation. 
Although the simulation is done with blind detection of sequence based message, it is believed that similar gains can be achieved with other designs as in the agreements. 
4 Conclusion
In this contribution, a resource allocation method is proposed for TDD mode to improve the reliability of short-duration PUCCH to support URLLC services and from the simulation results, a remarkable gain can be achieved. 
Based on above discussions and simulation, we have the following proposal: 

Proposal 1: it is proposed to pre-allocate a set of PRBs via high layer signaling at least for short-duration PUCCH in TDD mode to let the terminal to select the best one for PUCCH transmission according to the DL channel estimation. 
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