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1 Introduction

This contribution is revised from R1-1713847.
In 
RAN1 #90, following has been agreed for NR long PUCCH with no multiplexing capacity within a slot
Agreements:
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· If frequency-hopping is enabled,
· For each frequency-hop with less than X symbols, there is one DMRS symbol.

· X is not smaller than 4.

· For each frequency-hop with equal to or more than X symbols, there are two DMRS symbols.

· For each frequency-hop, at least one DMRS symbol is included.

· FFS: number of DMRS symbols if frequency-hopping is disabled.

· Targeting one value for X.

· FFS: The value of X

· FFS: DMRS structures
· Note:

· Continue discussion on simulation assumptions
Following simulation assumptions are agreed when evaluating the number of DMRS symbols for long PUCCH format without multiplexing capability for more than 2 bits UCI payload.
Agreements:
· Simulation assumptions for purpose of identifying the number of DMRS symbols for long PUCCH format without multiplexing capability for more than 2 bits UCI payload

· System bandwidth = 20Mhz

· Subcarrier spacing = {15kHz, 30 kHz}

· TDL-C channel with delay spread = {300nS, 1000nS}

· # UE Tx =1, # gNB Rx =2 ( Optional: # gNB Rx = 4 and 32)
· Payload sizes without CRC: 20bits, 60bits, 100 bits (only for 14 symbols long PUCCH)

· Number of RB = {1 RB} 

· Carrier frequency = 4Ghz

· Number of UEs = {1}

· UE speed: 3km/h, 120km/h, 500km/h at least for 20 bits 
· Polar code with 8+3 CRC and/or TBCC with 8 CRC bits
· Practical channel estimation and ideal noise estimation

In order to identify the value of X in the first agreement, the performance of PUCCH with one and two DMRS symbols per frequency hop is evaluated in this contribution. The simulation assumptions in the second agreement are adopted. 
2 DMRS for PUCCH
For NR long PUCCH, it is agreed that the duration is 4~14 symbols. For PUCCH with 4~7 symbols and frequency hopping enabled, the number of symbols can be as low as 2~3 symbols per hop, assuming the number of symbols are equal or approximately equal in each hop. Therefore, under such circumstances, it might not be economical to put 2 DMRS symbols in each frequency, making the number of DMRS symbols larger than that carrying actual UCI payload. Hence, for PUCCH with 4~7 symbols, it is suggested to have only one DMRS symbols per frequency hop. 
For 8~14 symbols, the performance of PUCCH with one and two DMRS symbols per hop is evaluated and compared. Based on the simulation assumptions agreed in RAN1 # 90, following assumptions are adopted for simulation in this contribution. 

1. System bandwidth = 20 MHz

2. Subcarrier spacing = {30 kHz}

3. TDL-C channel with delay spread = {300 nS}

4. # UE Tx =1, # gNB Rx =2 

5. Payload sizes without CRC: 24 bits

6. Number of RB = {1 RB} 

7. Number of UEs = {1}

8. UE speed: 3km/h, 500km/h 

9. Polar code with 8+3 CRC 

10. Practical channel estimation and ideal noise estimation

For the DMRS symbol placement, 

1. With one DMRS symbol per hop, the location of DMRS symbol is placed in or close to the middle of the PUCCH symbols per hop, to provide better channel estimation for UCI symbols on both sides;
2. With two DMRS symbols per hop, it is shown that DMRS with distributed structure can outperform that with localized structure [1]. Therefore, the DMRS symbols with distributed structure is adopted for evaluation in this contribution. 

The details of the DMRS locations for both one and two DMRS symbols used in the simulation are given in Fig. 1. Due to time limit, only the performance of PUCCH with even number of symbols is evaluated. 
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Fig.1: The DMRS location(s) for PUCCH with one and two DMRS symbols
The performance of PUCCH with 3 km/h is shown in Fig. 2.
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Fig. 2 PUCCH performance for low-mobility scenario (3 km/h)

It is shown that, with current UCI payload, PUCCH with one DMRS symbol can always outperform that with two DMRS symbols in low-mobility scenario. With 8 PUCCH symbols, the performance gain of the former is close to 3 dB compared to the latter, around the PER/s level of 0.01. The performance gains decrease with the increase of the number of PUCCH symbols. The reason behind this is that, with more DMRS symbols, fewer resources are available for transmission of UCI payload. The code rate is elevated and performance is degraded. However, the severity of degradation is lessened with the increase of the number of PUCCH symbols. 
The performance of PUCCH in high-mobility scenario is shown in Fig. 3
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Fig. 3 PUCCH performance for high-mobility scenario (500 km/h)

It is shown that in the high-mobility case, PUCCH with two DMRS symbol per hop has significant improvement over that with only one DMRS symbol. The reason behind this is that the performance loss caused by using fewer symbols for UCI can always be compensated by the gain brought by using more symbols to achieve better channel estimation. It is also noticed that, the performance gain increases with the increase of PUCCH symbols. The rationale behind this is that with more PUCCH symbols, there are more resources for UCI payload, and the impact caused by using limited number of symbols for UCI payload can be eased. 
Observation: With 24-bit UCI payload and (8+3) CRC, for PUCCH with 8 symbols and up and frequency hopping enabled, PUCCH with 1 DMRS symbols per hop can achieve better performance in low-mobility case since more resources can be used for UCI payload. However, PUCCH with two DMRS symbols per hop can highly enhance the performance in high-mobility case (500 km/h) since better channel estimation can be achieved. 
3 Conclusions
Observation: With 24-bit UCI payload and (8+3) CRC, for PUCCH with 8 symbols and up and frequency hopping enabled, PUCCH with 1 DMRS symbols per hop can achieve better performance in low-mobility case since more resources can be used for UCI payload. However, PUCCH with two DMRS symbols per hop can highly enhance the performance in high-mobility case (500 km/h) since better channel estimation can be achieved. 
[1] R1-1713847:  PUCCH design with long duration,  CMCC, 3GPP TSG RAN WG1 Meeting #90
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