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1 Introduction

At the RAN1#88bis meeting, the following agreements were made regarding 1-symbol short PUCCH with more than 2 bit payload [1]:

· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.

· RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.

· FFS: Details on RS

· FFS: whether to support option 6 (pre-DFT)

· FFS: for 1 and 2 bits

Further, the following agreements were made on 1-symbol short PUCCH with 1 or 2 bit payload [1]:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR

· FFS following cases:

· If SR only

· If with SR + other UCI;
· This does not imply the necessity of special SR design 

· FFS whether the design may or may not depend on the frequency range

In addition, the following agreements were made with regard to 1-symbol short PUCCH with more than 2 bit payload [1]
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:

· QPSK for UCI

· X1 to X2 PRBs can be configured to support various UCI payload sizes

· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 

· FFS: detailed PRB allocations and signaling of the configuration

· FFS: values of X1, X2

· DMRS overhead: down-select among the following options:

· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)

· Option 2: multiple values depending on, e.g. UCI payload size etc.
In this contribution, we present evaluation results and our view on DMRS structure and overhead for short UL control channel carrying more than 2 bit UCI payload.  
2 Link level simulation results
In this section, we provide link-level simulation results for DM-RS based structure for short UL control channel with 1 symbol duration carrying more than 2 bit UCI payload. The simulation assumptions are outlined in the Appendix of this contribution.

As agreed in the RAN1#88bis meeting [1], FDM based multiplexing of DM-RS and UCI symbols is supported for short UL control channel. In the simulation, it is assumed that 8 and 20 bits payload is carried by short UL control channel, which occupies 4 PRBs. Further, for 8 bit payload, RM block code is used similar to LTE while for 20 bit payload, dual RM block code is used similar to LTE PUCCH PF3. In addition, rate matching is applied after encoding to fill in all available REs allocated for UCI symbols. In the simulations, various DM-RS patterns and overheads are evaluated as shown in Figure 1. 
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Figure 1. DM-RS patterns and overheads for short UL control channel
Figure 2 and Figure 3 illustrate link level simulation results for short UL control channel carrying 8 and 20 bits payload, respectively. In the figures, it can be observed that 
· DM-RS with 1/3 or 1/4 overhead can achieve ~0.5dB and ~1.2dB better link level performance compared to DM-RS with 1/2 overhead, respectively. 
· DM-RS with 1/3 overhead can slightly outperform DM-RS with 1/4 overhead for 20 bits payload in case of relatively large delay spread.  

According to the simulation results, DM-RS with 1/3 overhead can be considered as baseline for short UL control channel carrying more than 2 bit UCI payload. As discussed in our companion contribution [2], for NR short PUCCH carrying more than 2 UCI bits, one PRB with length-4 DFT sequence mapping on 4 DM-RS subcarriers is the basic unit for resource allocation
[image: image2.emf] SNR (in dB)

-4 -3 -2 -1 0 1 2 3

 

B

L

E

R

10

-3

10

-2

10

-1

 NR short PUCCH: 8 bits, TDL-A (300ns), 1x2

DMRS Overhead = 1/2

DMRS Overhead = 1/3

DMRS Overhead = 1/4

 SNR (in dB)

-4 -3 -2 -1 0 1 2 3

 

B

L

E

R

10

-3

10

-2

10

-1

 NR short PUCCH: 8 bits,  TDL-C (1000ns), 1x2

DMRS Overhead = 1/2

DMRS Overhead = 1/3

DMRS Overhead = 1/4


Figure 2. Link level simulation results for short UL control channel carrying 8 bit payload
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Figure 3. Link level simulation results for short UL control channel carrying 20 bit payload

Observation 1:

· For short UL control channel carrying more than 2 bit UCI payload, DM-RS with 1/3 or 1/4 overhead can achieve ~0.5dB and ~1.2dB better link level performance compared to DM-RS with 1/2 overhead for 8 and 20 bits payload, respectively.

Proposal 1:

· For short UL control channel carrying more than 2 bits payload, DM-RS with 1/3 overhead can be considered as baseline. 

3 Conclusions

In this contribution, we presented evaluation results and shared our view on DMRS structure and overhead for short UL control channel carrying more than 2 bit UCI payload. Based on the discussions, we summarize our views through the following observations and proposals:
Observation 1:

· For short UL control channel carrying more than 2 bit UCI payload, DM-RS with 1/3 or 1/4 overhead can achieve ~0.5dB and ~1.2dB better link level performance compared to DM-RS with 1/2 overhead for 8 and 20 bits payload, respectively.

Proposal 1:

· For short UL control channel carrying more than 2 bits payload, DM-RS with 1/3 overhead can be considered as baseline. 
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Appendix: Simulation assumptions 
	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	System Bandwidth 
	20MHz

	Subcarrier spacing
	15kHz 

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	Channel model
	TDL-A (300ns) and TDL-C (1000ns)

UE velocity: 3km/h

	Payload size 
	8 and 20 bits 

	Channel estimation
	MMSE
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