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1 Introduction

In 3GPP RAN1#87, RAN1 NR Ad hoc and RAN1#88bis meeting [1] [2] [3], uplink control channel design was discussed and the followings were agreed:
RAN1#87
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM

· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)

RAN1_AH
· For PUCCH in long-duration, 

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

RAN1#88b

· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH

· FFS: Time domain OCC is applied over allocated multiple symbols.

· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

Based on the previous agreements, some detailed design of NR long PUCCH should be provided, such as location of DMRS and so on. In this contribution, we will analyse the different options of some aspects. According to the analysis and simulation results, some observations will be given.
2 Performance Evaluation
In [4], three NR long PUCCH formats are proposed, which are shown in the Table 1. 

Table 1. Starting point of different NR long PUCCH formats

	NR Long PUCCH format
	Payload size
	Starting point

	NR Long PUCCH format 1
	1-2 bits
	Refer to LTE PUCCH format 1

	NR Long PUCCH format 2
	Dozens of bits
	Refer to LTE PUCCH format 3

	NR Long PUCCH format 3
	Hundreds of bits
	Refer to LTE PUCCH format 4


In addition, since the UL-centric slot may include DL control, GP and UL short PUCCH, NR long PUCCH may locate at the different position of the whole slot. In addition, [4] has given out the supported number of symbols on different slot types. As shown in Figure 1,

· In 7-symbol slot, {4, 5}-symbol are supported in UL-centric slot, while {5, 6, 7}-symbol are supported in UL-only slot. 

· In 14-symbol slot, {8, 9, 10, 11, 12}-symbol are supported in UL-centric slot, while {12, 13, 14}-symbol are supported in UL-only slot. 
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Figure 1. Locations of long PUCCH in 7-symbol slot and 14-symbol slot

Based on the given NR long PUCCH formats and location of NR long PUCCH, the contribution will evaluate the impact on different DMRS position and frequency hopping point.
· DMRS position
In the LTE design, DMRS symbols are distributed uniformly, which can guarantee that each UCI symbol is close to the DMRS symbol as much as possible. In [5], fixed DMRS position is proposed to reduce the complexity of channel estimation and keep DMRS out of the interference of UCI. But the fixed DMRS design may lead the non-uniform distribution, which may impact the performance of demodulation. So we evaluated performance of fixed DMRS position vs performance of non-fixed DMRS position (uniform distributed DMRS) with different NR long PUCCH formats and different symbol numbers of long PUCCH.

For NR long PUCCH format 1, 12-symbol long PUCCH are evaluated;

For NR long PUCCH format 2, 5-symbol & 12-symbol long PUCCH are evaluated;

The detailed structures are shown in Figure 2, and the simulation results can be found from Figure 3 to Figure 5.
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Figure 2. Structures for DMRS position evaluation
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(b) 30km/h
Figure 3. 12-symbol long PUCCH format 1, fixed DMRS location vs non-fixed DMRS location
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(b) 30km/h
Figure 4. 12-symbol long PUCCH format 2, fixed DMRS location vs non-fixed DMRS location
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(b) 30km/h
Figure 5. 5-symbol long PUCCH format 2, fixed DMRS location vs non-fixed DMRS location
For the 3 km/h UE speed, the performance of fixed DMRS position is similar to the non-fixed DMRS position. For the high UE speed case (30 km/h), the non-fixed DMRS location outperforms non-fixed DMRS location about 0.1~0.5dB. The difference is caused by the performance of channel estimation, since the uniform distribution of DMRS pattern can resist Doppler frequency effect better. So, for the high speed case, we can consider to limit the supported NR long PUCCH symbol number and location into a restricted set, which can guarantee the fixed DMRS position is uniform distribution.
Based on the simulation results, we have the following observation:
Observation 1: For NR long PUCCH format 1&2 with low UE speed, performance of fixed DMRS scheme is very similar with performance of non-fixed DMRS scheme.

· Frequency hopping
In [5] and [6], two frequency hopping schemes are proposed, which are

· Frequency hopping point locates at middle of long PUCCH;

· Frequency hopping point locates at a fixed position of the whole slot;

In this part, we evaluated performance of these two frequency schemes with different NR long PUCCH formats and different symbol numbers of NR long PUCCH. For NR long PUCCH format 1 & 2, 10-symbol & 11-symbol long PUCCH are evaluated. The detailed structures are shown in Figure 6, and the simulation results can be found from Figure 7 to Figure 10.
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Figure 6. Structures for frequency hopping evaluation
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(a) 300ns delay spread






(b) 1000ns delay spread
Figure 7. 10-symbol long PUCCH format 1, (4+6) symbols vs (5+5) symbols
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(a) 300ns delay spread






(b) 1000ns delay spread
Figure 8. 11-symbol long PUCCH format 1, (4+7) symbols vs (5+6) symbols
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(a) 300ns delay spread






(b) 1000ns delay spread
Figure 9. 10-symbol long PUCCH format 2, (4+6) symbols vs (5+5) symbols
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(a) 300ns delay spread






(b) 1000ns delay spread
Figure 10. 11-symbol long PUCCH format 2, (4+7) symbols vs (5+6) symbols

Based on the simulation results, we have the following observation:
Observation 2: Frequency hopping point located at middle of NR long PUCCH will maximize the frequency diversity gain:

· For NR long PUCCH format 1 with 1000ns delay spread, the performance is better in case of hopping point in the middle of PUCCH;

· For NR long PUCCH format 2 with 300ns & 1000ns delay spread, the performance is better in case of hopping point in the middle of PUCCH.
3 Conclusion
In this contribution, evaluations on long duration PUCCH structure are discussed. Based on above discussions, the following observations are given. 
Observation 1: For NR long PUCCH format 1&2 with low UE speed, performance of fixed DMRS scheme is very similar with performance of non-fixed DMRS scheme.

Observation 2: Frequency hopping point located at middle of NR long PUCCH will maximize the frequency diversity gain:

· For NR long PUCCH format 1 with 1000ns delay spread, the performance is better in case of hopping point in the middle of PUCCH;

· For NR long PUCCH format 2 with 300ns & 1000ns delay spread, the performance is better in case of hopping point in the middle of PUCCH.
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Appendix
Table 2. Simulation parameters

	Parameter
	NR long PUCCH format 1
	NR long PUCCH format 2

	Carrier Frequency
	3.5 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	No. of subcarriers per PRB
	12

	PRB number 
	1 RB

	antenna configuration
	1Tx * 2 Rx

	Channel model
	TDL-C (300 ns delay spread) 

	UE velocity
	3 km/h & 30 km/h

	Payload size
	2 bits
	11 bits (10&11&12-symbol)

4 bits (5-symbol)

	Modulation
	QPSK

	Channel coding
	-
	RM code

	Channel estimation
	ML

	Performance metric
	DTX -> ACK < 10e(-2)

ACK missing < 10e(-2)

NACK->ACK < 10e(-3)


